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P R E F A C E 


Welcome to? he 2 hi ccnlury and ihe ei&hlh cdil ion of U’ff ntMry phurttmmlmy 
and Therapeutics. The first edition of ill is lest book was authored almost ft) yeans 

ago by a pioneer in veterinary pharmacology, Dr. L, Meyer Jones-. He dedicated 
ihc first edition primarily to professional students learning pharmacology as pan 
of rhcLr quest to become doctors of veterinary medicine, Now, almost one-half 

century and seven revisions lutei. rhe eighth edition of t-i'frrwian,' P/ifmjfwftijij'y 
ami Thempeut.'i * is li kewisc Jedicjltxl to veterinary meiliuid k-I ndents enrolled in 

pri)Scssi<wl uliI leges ami schools of veterinary medic me. 

T"hc authors and editor of this text have compiled in one book a comprehen¬ 
sive resource for students to leant basic and applied principles of veterinary phar¬ 
macology and therapeutics. Although this- textbook, is directed to the professional 
Veterinary student, expanded Coverage of pharmacology has broadened its audi¬ 
ence u> ifiso include graduate students in the biomedical sciences, residents und 
interns in medicine and surgery. Laboratory animal HpectaJihLs, and research inves¬ 
tigators who utilize animals. to name just a few. Furthermore, because practicing 
veterinarians who already have earned their DVM or VMD are lifetime students 
of veterinary medicine, shit; ten is also intended as a desktop reference for vet¬ 
erinary practitioners to review details about drags, drug mechanisms, and their 
clinical applications. The authors and editor sincerely seek critical feedback from 
Mutknb. pracl ilitmcrs. academic; colleagues, and others as m whether the book is 
meeting its goals and how future editions can be improved. 

Veterinary phantiacolugy has chunked dramatically in many complex ways 

since the first edition of this textbook was published. This evolving complexity is 
reflected in the changing faces of [he different editions of this book. A single vc [ - 
cri runry pbarrmreologist. Dr, Jones, was able to author the entire textbook in excel¬ 
lent fashion by himself in 1954. By the third edition In 1965, several more con¬ 
tributors had joined Dr. Jones, and by the seventh edition in 1995. more than two 
dozen authors were necessary to adequately cover the breadth of veterinary phar- 
nutcnimgy necessary for the "fountainhead” textbook in this field. Pliarmaculogy 
ansi its sister discipiinex, veterinary pharmacology and veterinary clinical phar¬ 
macology, have simply become too complex to be adequately covered by only a 
few authors. Wc are fortunate that the eighth edition includes chapters authored 
by 27 contemporary pharmacologists, each one y recoinized arid well-published 
expert in some aspect of veterinary pharmacology and veterinary clinical phar- 
jnacology. 

The 1990s witnessed an explosion of new drugs and increased understanding 
of the cellular and molecular mechanisms responsible for the pharmacodynamic 




m 


'atpri 
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action* of both new and older ptiarmiicologic agent*. However, the full clinical 

relevance of such excilitig discovaries is adequately uinJcrM.iN.Nj only in a few 

cuses. This textbook f-Ltcuses cm ihnwe aspects of pharmacology lhat have clinical 
applications in veterinary medicine and surgery. Attempt were not made to 
address every available drug ur to continue to discuss older drugs that Lire iiifre- 
quetllly used. Rather, she aulhors focused on basic mechanisms of representative 

drugs from the most i mpnrtanl c lasses of therapeutic agents. An understanding of 
basic drug mechanisms and their pfiarmacoihcrtipeutic applications. In the pres¬ 
ence of disease provides the basis for problem Halving m clinical medicine. We 
believe (his approach provides the most effective way to team pharmacology and 
therapeutics. rather lhan rote memorisation of pyramiding fuels. 

This ediiion includes considerable revision of existing materials, jigain 
reflect mg the changing contents of veterinary pharmacology. A new chapter. 
"Drugs At Tec ring Animal Behavior” was added to reflect the expanding impor¬ 
tance of animal behavior and u.s therapeutic modulation. Coniiruling ils success 
from the seventh edition, a section op specially areas of pharmacology was 
included to cover those important aspects of pharmacology dial overlap multiple 
facets of phamucothcrapcutits which do not readily fit into single traditional 
drag groups. 

As the editor of this lexlhook, I have the pleasure of expressing appreciation 

to the many people who made the eighth edit ion of vwm'njm; Pfhmtwrolttgy ami 
Themptusk* a reality. Sherry Adams provided special contributions m my staff 
assistant, and Dr. Oheorghe Constantincscu of the University of Missouri College 

ul Vein bury Medicine provided several original ■llLstiiitunls We ate all indebted 
to I Jr, Meyer Jones for his pioneering contributions as a veterinary pharmu- 
cologiU and educator and for establishing this tesikvok. Special acknowledg¬ 
ment also goes lo former editors Dr, Nicholas H, Booth and Dr- i-csiie R 
McDonald for leading this textbook thnnigh earlier revisions necessary for its 
transition into the modem, era of veterinary pharmacology. Special recognition 

and appreciation also arc extended to Or. Lloyd Davis, a fell red former author 
and major contributor lo veterinary pharmacology for many decades. Dr. Davis 
helped secure disciplinary stature lor veterinary pharmacology and was central 
to ftn-maii on of the American Academy of Veterinary Pharmacology and The ra¬ 
pe u t it: s a n d the A n le ri c a it C ol lege rtf Cli n ical Veierin ary Ph ar nt a c o 1 1 >g y. 

tl is especially important to acknowledge and thank all the authors: the 
authors of previous editions, who composed the foundation upon which we now 
stand, and the new aulhors for assuming the responsibility n> prepare new chap¬ 
ters and to update previous ones. Our common goal is to help carry forth the Ira* 

dt;ton of excellence SCI by previous editions of Veterinary Phurmtui'fogv mvl 

Thentpmtk's and to provide the seminal resource for veterinary pharmacology 
and therapeutics that will help the veterinary profession successfully enter the 
21 st century. 


If. Ri chard A dam* 



Copyrighted material 




Copyrighted material 



SECTION 




of Pharmacology 



VETERINARY PHARMACOLOGY: AN INTRODUCTION 
TO THE DISCIPLINE 


SCOTT ANTHONY BROWN AND LLOYD E. DAVIS 


Scape of Pharmacology 

Hole of PhurmutfilDgy in the VeDcrimry Medical 
Curriculum 


Throughout recorded history,. humans hIVe employed 

dmgs for mating disease as well as for wdil and reli¬ 
gious purposes. Sir William Osier (JB49-I9I9)* a 

prominent medical educator of the latter I9lh century. 
HtiLted, “A desire to Like medicine is. perhaps, the great 
feature which distinguishes people from other aranuli." 

The discovery of drugs was undoubtedly thjuuph 
Che pruccsw of trial and error as people tried various 
plant, animal. and mineral substances in their envi¬ 
ronment as pole nt La I aources, of food. Through such 
uttivicy il soon became apparent that ingeslien of cer¬ 
tain plants would produce diarrhea or vomiting and 
that diewing the hark of trees would cause cunMipsi- 
tinn. Ee was then pmbabl y recagniied dm if one were 

suffering from diarrhea, ingestion of tannins in hark 
would relieve symptoms. Such acoimuluted knowl¬ 
edge gave rise to oral traditions within tribes, and a 
folk lore on drugs developed. 


Primitive tribal folklore wolfed- into attempts k* 
organize knowledge of drug substances. The earliest 
written curtipilitiuri of drugs in the Chinese herbal I'uf- 
muluy fl m Fjttu, which is attributed to Emperor Slwn 
Nung, whn lived in about 1700 w. veterinary and 

human medicine were well developed in Asia Minor 
during antiquity. Ancient Hindu records mention eating 

dmlmoogra fruit to treat leprosy. The Code of Ham¬ 
murabi (about 2200 bc) described penalties for raal- 
practice by praedtionefs. The oklc^i record of Egyptian 
drug codification is the* Kalian papyrus, which was 
written about 2000 K. It deals wiLh veterinary medi- 
d«w and uterine disease of women and contains a num¬ 
ber of prescriptions. The fibers papyrus (1550 BC) is- u 

COmpikiGhi Hn Cal a iliirribcif uf lIi^-jnl" L'LHhiilinfU. .111•:I K 29 

prescriptions for medicaments employed in Egyptian 
medicine. Medicine also was highly developed in 
Sumeria during the millennium preceding the Christian 
tank Evidence for this is provided by a library of day 
tablets assembled by AshurbunipaJ (626-56! bc) and 
discovered at Nineveh during the 19th century. 

The codified drug lure of Egypt was transmitted to 
Grade civilization. Foremost among early Greek physi¬ 
cians was Hippocrates (460-375 BC), a great teacher of 
medicine, There formed! about him a group of physi- 
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clan* known m Hie Hippocratic school, They wen 
ssliuc diagnosticians and brilliant surgeons. who main* 
rained high ethical standards They had little use fur 
drugs, ihcy recognized dial sick people usually 
(ended to get well regardless of treaEmenf Tlnis concept 
of (he healing power Of nature became kiKHVrt as the Vfj 
wrdkatrij ntjiurjir. A precept Irtjc’n I he Hippocratic 
school. which Mill provides an eihical hjsss for the 
practice of therapeutics, is "Above all, do no harm" 
BtMh these concepts had to be relearned, again anti 

again throughout subsequent history, Hippocratic 

physicians adapted (he nation of a humoral basis for 
disease from philosophers- in Asia Minor The lour ele- 
ESHsnta of natural philosophy were water, lire, air, and 
earth. Comhinations of Ihevc elements gave rise to four 
humors of the body related to a scale of life from most 
alive to dealh. They were blood I sanguine Lcmpera- 
merUl,. phlegm (phlegmatic)* yellow bile or urine (bil¬ 
ious), and black bile (melancholie)- Treatment con¬ 


sisted of attempting to balance these humors by 
replenishment of deficiencies or removing excesses. 

Titus, arose the practices of bleeding, purging (includ¬ 
ing vomiting), and sweating that continued well into 
the I9ih century. Hippocrates also promoted the vse of 
inapnic saltsas medicine. 

Works of Galen (131-201) dealing with physiology 
and materia mediea became authoritative and were 


used widely for the next 1400 years. Galenic medic inc 
consists of preparations of plants by soaking (infusicnt) 
lkt boiling (dec act km). Galenic medicine lists 
rebounded today as more people embrace herbal reme¬ 
dies, A scientific basis for medicine w&* begun by Aris¬ 
totle (384-322 BC I. who made and recorded numerous 

nhsLTVijEizms t>n animats. His pupil ThettphraMuH- 

( 380-287 B€) sy sEeiita lically cl itss i tied rued id na i 
planes on the basis of their individual characteristics. 

lather ihan their recommended! use in treatment. This 
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work was improved upon hy Ditwcondes, a surgeon 
with the armies of Nero, who compiled the first Mate¬ 
ria Media. This (realise consisted off sis. volumes 


describing about MO plants. Drugs were discussed 
from the standpoint of name, source, identification, 

tests fur ndulLenitkui. preparation of the dosage form, 
whiil il would do, and for what crntditkms h would be 
used. This contribution was imporianl because il estab¬ 
lished (he framework for laier pharmacopeias (offi¬ 
cially recognized books of drug preparations), With the 
decline of tlx- Roman Empire, scholarship iranffemd 
to Byzantium, where during the 5th century Publius 
Vegetius compiled a veterinary treatise that included 
prescriptions tor farm animals. 

Following the Ml of Rome, tumps* entered (he Dark 
Ages, during which lime Lbere was lillle advancement 

in intellectual devdopmein. Custodians of knowledge 
and developers of medical l bought during this period 
were found in Muslim culm. They developed ihc 
practice of pharmacy to a high level and were the first 
to distill wines and beers to obtain ethanol for prepar¬ 
ing tinctures. Also they were ihe first to regulate Ihe 
practice of pharmacy to staudandi ec (he preparation of 


prescriptions, An inUlKfirtbal Persian writer during Ibis 
period was. Geber Ibn Hujiir i702-765). lie elussifiod 

drugs and poisons of his time and recognized dial the 
different betw^eiii y drug 4iikd a poison was a mailer of 

dosage. Any drug can be toxic if given in large enough 

amounts. 

The spirit of inquiry was ivestahlished in Europe 
during, the Renaivauice and was given impetus hy the 
developmeni of printing. The first pharmacopeia was 
compiled by the German Valerius Cordus (1514-1544). 

He carefully described icchniqpe* m he employed in 
preparation of drugs, in marked contrast to ihc secrecy 
prevailing prior to his lime. T he most influential person 
during (his period was the Swiss physician Theophras¬ 
tus Ri!itih;i>1 iis von Hohenhdm (1493-1541), who 
called himself Philippas Aureolus Paracelsus. He intro¬ 
duced the clinical use of laudanum (opium? and a num¬ 
ber of tinctures of various plants, the active principles 
of which arc used to this day. He advocated, using drags 
in a directed or rational manner m opposed to the fol¬ 
lowing of recipes. 

The I7tii and I Kill centuries were un era of natiuiuiJ- 


ism ud flowering of individual genius, Drug trade 
flourished and medical eKperimentatlm began. Drugs 
such m dnebom (quinine),, coffee, tea, and cocoa 

(methyl\anLhmesj. curare, digitalis, and a sanely of 
alkaloids were discovered. The energetic and brilliant 
English physician John Hunter (1728-17 L >31 influenced 
a group of physicians lo conduct cunlrklled clinical 
experimeniatiofL The most notable contribution to ther¬ 
apy was William Withering’s (1741 -1799 1 An Atrount 
of the f&Xgi&W wul Some of Iis Mrdical Um, pub- 
limbed in 1785. His observations on the uw of digiLalis 
in the iivaiimeiii of dropsy (ascites due to congestive 

bean failure) are %ti!l pertinent, Edward Jen tier 






of prophylactic immunization against -■mallpi>x and 
was the first In describe anaphy laxis. Thus he set the 
stage for later developmeni of preventive medicine and 
immunologic therapy. William Harvey (1578-1657) 


discovered the circulalion of bkxxl and indicated that 


drugs were distributed to various piirls of the tnxly by 
this means The great Englis.li architect Christopher 
Wren i 16,12-172.1) uiade the first iniravcncHLii injection 
of drugs into a dug. but Jl was nol until I-H55 that Ihe 
hypodermic needle and syringe were devised by- 
Alex under Wood (1817-1884). This was to have a 
major influence on later pharmaeologic experimenta¬ 
tion. During this perit^J scientific sucielks developed 
as adenlifu. mfurmatkui was disseiminated, Pharma¬ 
copeias were well developed ill ihis time ami were the 

principal source* of information concerning drags. Pre- 
scriptioits were earefutly devised by Ihc practitioner for 
hnOnent of ihe individual paiieni. 

The l!9lh century marked (he dt^-elc^pmenl of chem¬ 
istry, which paved the way Ibr detailed dtaftofifkilioit 
and experimental study of active phamiiici^logic princk 
pics derived from natural sources. Friedrich Sendraer 
(1783-1841 h a German pliininacisL,. isolated the spe¬ 
cific narcotic sufoiutce frem opium and nunedit mor- 
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phi i ic after Moiphois. the Roman god of step. There 
followed in rapid succession isolaikm of active ulku- 
bids from a vsirieiy of medidM planes through the 
work of Joseph Clvrntou (1795-1877), Pierre Pelletier 
(178#-1842), Philipp Geiger (1785-4 83^ h Georg 
Merck (1825-1873), and Albeit NejmaD (1840-1921). 

Use ^wsciatifln between Pelletier and Francois 
Majendic (1783-1855) led Magcndic to develop 
organized ftiperimeaia to elucidate physiologic 
piwoKs and ad ion of drug* in the body. Magendie 
and his illustrious pupils Claude Bernard 
(1815-1878) and James Blake (1814-1895) estab¬ 
lished l he foundations fur modern pharmacology and 
outlined its unique scientific problems: dose-response 
relationships, drug disposition in I he body, meefuj- 
nism of action of drugs, site of act ion of drugs, and 
sOmtiirc-acrtivily relationships. The first laboratory 
devoted efttlusivdy to Lhc study of pharmacology was 

established hy Rudolph Buchhcim (1820-1879 ) ml the 
University of Dorpai in Estonia. Estensive research 
was performed there to elucidate actions of drugs 
within the body. This stimulated development of phar¬ 
macology as a distinct scientific discipline. One of 
Huehheivn’s students, Oswald Schmiedcbcrg 
(1838-1921), was an c&cellcnt teacher who attracted 
sLudenLs from around the world to the pharmacology 
institute of the University of Strasbourg. Ele led in 
establishing, pharmacology as m independent scien¬ 
tific discipline based upon, experimental methodol¬ 
ogy. Many of his students became leaders in the 
development of pharmacology throughout the world. 

These included Hans Meyer (1853-19.19) at Vienna 
■und John J. Abel (1857-1938), who is regarded as the 
"father of ptanutek^' 4 in the USA. Abel estab¬ 
lished departments of pharmacology at the University 
of Michigan and later at Johns Hopkins University. 
He trained many young, scientists who- became promi¬ 
nent pharmacologists. He founded the Journal ttf Bio- 
logical Chemistry and Jon null of Pharm&tflfagy md 
Experimental Therapeutics and was instrumental in 
Use formation of the American SocteLy of Pharmacol¬ 
ogy and Experimental Therapeutics (Abel 1926). 

During the 20th century the science of pharmacol¬ 
ogy flourished in the medical and pharmacy schools, 
and the focus of leadership shifted from Europe to the 
USA. This Wit due m fsirl to the occurence u£ two 
world wars and the emergence of the USA as an indus¬ 
trial power. The almost exponential growth of knowl¬ 
edge and development of new drugs during lllis century 
■were the result nf itu. 1 development of organk chem- 
islry and the existence of an abundance af well-trained 
sdciilic investigators. The ability of chemists in the 
phuriiMiceuciail industry to synthesize new chemical 
suhstaiiees removed our dependence cm natural prod¬ 
ucts as a source of drugs. All aspects of the science pro¬ 
gressed rapidly during this century, w ith appreciable 
gains in effective treatment and control of diseases. 
Most notable has been development of drugs effective 
in the treainricnl of infectious diseases. For a more 
detailed and scholarly review of tlie historical develop¬ 


ment of pharmacology, the reader is referred to Leake 

1975 and Burger 1986. 

The development of veterinary pharmacology is the 

same as thul fur human v, Throughout much of itK'dival 
history linlc distinction was nude between human and 
animal mediant, and both profit-ions share common 
roots. Early European schools of veterinary medicine 
were established in craij unction w ith schools of human 
medicine Near the beginning of Ihe Kh century the 
two profession* and their schools separated and devel¬ 
oped more or less independently. Since that time a cul¬ 
tural lag has existed between human and veterinary 
medicine due to difference*. In size and economic fac¬ 
tors. The leaching of materia mcdica. as a didaclic 
course persisted in veterinary schools until the early 
1950s. Little was known or taught about pharmacology 
of drug*, in domesticated animals. 

L. Meyer Jones was instrumental in shilling empha¬ 
sis in the veterinary curriculum from materia Tmlka to 
the science of veterinary phanlliicology. The dedtivc 
event in this transition was publicaEhOfl of the first edi¬ 
tion of this tfltlbodl by lories in 1954. As with most 
aspects nf veterinary medicine, veterinary pharmacol¬ 
ogy has lagged behind its human counterpart by several 
years. Today, however, veterinary pharmacology is a 
vita] part of veterinary medical education and research. 
Several professional organizations are dedicaled lo the 

furtherance of veterinary pharmacology »,s a research 
and clinical discipline, including die American Acad¬ 
emy of Veterinary Pharmacology and Therapeutics, the 
European Association of Veterinary Rharmatology and 
Toxicology, the European College o\ Veterinary Phar¬ 
macology and Ttaieology, and the American College 
of Veterinary Clinical Pharmacology. 

SCOPE OF PHARMACOLOGY. Pharmacology is 
m experimental science deuhng with ihe properties of 
drugs and their effect on living systems* h has 

included study of sources of drugs i pharmacognosy), 
action and fate of drugs in the body (pharmacodynam¬ 
ics), use of drugs in Lhe treatment of disease t therapeu¬ 
tics), and poisonous effects of drugs ur senuhtdiics 

(iiiKicology), The word dm r i* derived from the Old 

French rfrpjw, which meant herb- Drugs have been 
cklined officially by ihe US Food, Drug, and Cosmetic 
Act to include all articles rccngjiLzed in the United 
Slates Pharmacopeia (USP) and Lhe Nationai Formu¬ 
lary (NF); articles intended to he used in the diagnosis, 

ini 11 LriUiuii. [nr a iliEi«!iil, lyt p raven Iion rtf dis^issi- in 

humans or other animals; and anicb other Ilian food 
intended to affect the structure or function of the 

bod y.Pfhirma I’-ndyn an t ics refers to study of ihe 
response of an organism to the action of drugs in the 
absence of disease . Pharmacoshtiupy refers lo the use 
ul'drugs in the treatment of disease, whereas sherwpem- 

lics is a terra describing treatment of disease in general 

and includes use of drugs, surgery-, radial inn. behav¬ 
ioral modification, and other modalities. Pharma* aki¬ 
netic* is defined as the mathematical description of 
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temporal changes in concentration -of drugs and/or their 
metabolite; within the body (Baggot I *J77 1 _ Such stud¬ 
ies provide lhe experimental basis for drug dosage reg¬ 
imens in various animal species. 

Clinicalpharmae&t&gy is considered in human med¬ 
icine TO be syihiuymiuLs wilh huuuill 
(Smith 1978*). In its broader sense, c'lmk'nl means "per¬ 
taining In or founded on actual observation and treat¬ 
ment of pattern^ as distinguished from theoretical or 
basic sciences" (Anderson 199W-). TTue discipline forms 
a foundation for the application of pharmacolugn; prin¬ 
ciples in the development of drug therapy for animal 
patients (Brumbaugh and Davis 1987), Controlled 
evaluation of the efficacy and safety of drug therapy in 
animal patients is a major concern of veterinary clini¬ 
cal pharmacology, 

CkmtNtu*mpy is a branch of pharmacology deal ing 

with drugs that selectively inhibii or destroy specific 
agents of disease such as bacteria, viruses, fungi, and 
Other parasites. Use of this torn has been extended to 
the use of drugs in treatment of neoplastic diseases. 
The notion of selective toxicity Is central to chemother¬ 
apy. Drugs Lhat are useful as chemotherapeutic agents 
affect the pathogen or abnormal cell mure adversely 

sSulii normal cell* of the he**.. 

Thriraflofty classically has been defined as the study 
of poisons. The subject is concerned with the adverse 
effects of xennbioLlcs. Its scope classically includes not 
only drugs used in therapy hui also the many other 
chemicals Lhat may be responsible for household, envi¬ 
ronmental, or industrial intoxication through fond addi¬ 
tives. industrial wasted radioactive substances. pesti¬ 
cides, and ingestion of natural substances iLicnci 
1996). Olliers have defined toxicology as the science 
that defines the limits of safety of chemical agents for 
human and animal populations fCasareLL 

ftwtktgy is the study of medicine dou|e. which 
varies w ith the specie* of animal, the intended effect of 
the drug, and individual tote-ranee or susceptibility. In 

general, the effective dust of a drug is that amount nec¬ 
essary to elicit the desired Iherapaitk response in the 
patient. The student should differentiate between the 
terms dose and dosage A dose is the quantity of med¬ 
ication to be administered at one time, whereas dosage 
refers In determination and regulation of doses. 

Mrintltttfy is the study of weights and! measures as 
applied lo preparation and! administration of drugs The 
reader is referred to Chapter 57 for a more complete 
discussion. 

Phonwicy is a separate ojhJ complementary health 
care profession conctcDed with collection' preparation. 

By training 

the pharmadM is well-equipped to advise the veteri¬ 
narian on maM relevant to dosage forms, Lncnmpaii- 
hililies, drug interactions, and medkiraal chemistry as 
well as io fulfill the traditional role of compounding 
and dispensing appropriate dosage forms of drugs. 

.Wui^rin mf-ilif'ii is an obsolete didactic subject that 
was concerned with pharmacy, posology. pharmac^g- 
iHixy'p and indication* fur therapeutic use of drugs. This 


sJlandanJi/aEkm, and dispensing of drugs, 


subject was, purely descriptive in nature nnd has been 
replaced in the modem veterinary medical curriculum 
by the science of comparative pharmiKofogy. 

NkirdctuUc&Is afe nutritional products which 
allegedly have some therapeutic value in addition to 
their scientifically recognized nutritiomil content. 
These are not regulated as drugs hy the US Food and 
Drug Administration and as such do inn have I he sup¬ 
porting data regarding their safety or efficacy lor the 
alleged (or implied) claim. 


ROLE OF PHARMACOLOGY IN THE VETERI¬ 
NARY MEDICAL CURRICULUM, The purpose of 
an education is toauaR ihc individual in becoming an 

independent perron who can think. Veterinary medical 





factual material, skills and an understanding of con¬ 
cepts lo enable the student feu practice the profession of 
veterinary medicine. Practice is the application of 
knowledge, skills,, and drought for purposes of main¬ 
taining the health of animals, relieving suffering, and 


serving She best interests of the clients. Thus the Etu¬ 
de nt must endeavor to underhand the concepts and 
facts of the veterinary medical sciences in be able to 
make decisions regarding diagnosis, treatment, and 
management of animal pati ents. 

Pharmacology, like pathology, is a bndging medical 
sc knee in that its study its dependent cm an understand¬ 
ing rtf anatomy, physiology, microhmikrgy, biologic and 
organic chemistry, and mathematics. Conversely, thor¬ 
ough understanding of pharmdcdlog) 1 , toxicology, and 
pubotogy is requisite to studies of internal medicine, 

surgery, and other clinical subjects. 

The number of products—from approved drug prod¬ 
ucts to nuLraccuticals and homeopathic re me die v—that 


can be 





practicing veterinarian is staggering, Literally hun¬ 
dreds of new products become available every year, 

although only a very few are new compounds., and even 
fewer are approved new animal drug*. While this 
growth in available therapeutic products has provided 
an unprecedented armamentarium of potent ptianta- 
cothcnipeulic agents, re hits also greatly increased the 
incidence of Ilierapy-relaled disorders (iatrogenic dis¬ 
eases). No one can have an intimate know ledge of all 

dmgs available, and even if it were passible- it would 

be unnecessary to the optima] medical care of animal 


patients. Bffbm are being mode by educators in veteri¬ 
nary pharmacology to define ihc 50-100 drugs essen¬ 
tial to the praetke of veterinary medicine far detailed 
discuiskm in veterinary pharmacology courses and 
emphasis in clinics. Monographs describing several of 
these veterinary drugs appear in the United Stales 
Pharmacopeia Disparting hfomitUum, 

The veterinarian must keep in ntind that there is no 
CMiripkicly “safe" drug unless ihe ixmipound is ptiar- 
macoIcbgLcally inert. TYu the an of rational therapeu¬ 
tics require* consideration 0 (f potential risks as well us 
possible benefits af drags to the putieiU 1 * well-being 
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(Nierenbcrt! and Mi-lmm 1992) and com idcr Lilian of 
the public health implications of such intervention. 

Considerable risk mi.phi be tolerated in treatment of a 
life-ihrealcning di-scase, whereav even a smidl risk 
might be unacceptable in flhiliaipKfllt of t selfHimit- 
iilg disease. The veterinarian must, therefore, under¬ 
hand Hie acbMi of the drug an (he body, how U is 
iirisivbed and eliminated. Us toxic effects, its clinical 
indie:iilkins and cootilindicatbofii, and its dosage in the 
species of animal to he treated. The sludem should 

attempt to mcotpotalc this specific information into an 
intellectual framewnrt: of phiimiaeciUagic principles. 
Subsequent chapter of this book will develop the ideas 
urwfcrlying veterinary* pharmacology and provide spe¬ 
cific information concern mg a number of drugs. 

A convenient guide for the viudem to organize a 
course of sludj has been developed tCoppne and 
Stuckey 1977), The purpose of the Minimal F.sseniiall 
Drug Information Checklist (MEDIC) is to encourage 
a prohlem-solving approach to learning phurmacology; 

i.e., lo ensure thitL the student possea.*es un adequate 
knowledge base to make rational dediions regarding 
me of® (Minbciilar drug in a given patient. This check- 
lisi is given below with permission from the authors 
and publisher (Coppoc and Stuckey 1977): 

DRUG 

1. What as. your therapeutic goal? Whai specific 
patlinlogic process do you wish to alter hy using a drug 
from this clasA and this drug in particular? Is it 
absolutely necessary that you use this or any drug? 

2. By what routes can the drug he given for the indi¬ 
cation in question and which are you going, to use? On 
what basis did you make this decision? WhuL are. c.g.,. 
Lhe relative advantage^ or disadvantages of intravenous, 
vs. oral admimstraliufi in this cuati? 

3. Whit dosage form are you going to use? 

4. What dose in uiiits/kg or mg/kg is generally rec- 
iifinnended and how much are you using in this partic¬ 
ular animal? How did you arrive at this dose? Are (here 

items considered under '"precaution^"' that should mod¬ 
ify Lhe dime in \tm an i inn 1 1 

5. What is the dosage interval? h this going to be 

frequent enough to prevent the drug from dropping 
he low effective concentrations? Will it be Loo frequent 
and precipitate cumulation and toxicity7 

b. WhaS is the probable duration of therapy? 

7. For food animate? b the drag approved for use in 

ihis fwd’prodWitlg species'? What is the withdrawal 

time? 

E. How much Jews the drug cost per treatment and 
per expected duration of therapy? (This vhnuld include 
administration expense* such a-s syringes^ technician 
time, and special dispensers as- in a water supply.) Does 
the cost of treatment exceed lhe value of the aninmi or 
the desire of (he owner ilk pay ? Is the cm! appropriate 
lo the seriousness of lhe di sease ? 

9. Whal special precaulions must be observed to 
enhlkK its effectiveness or safety? Examples - Whal if 
the drug is eliminated hy the kidney and renal function 


is. compromised? Will the drug internet with other 
drugs in the regimen? 

10, \V|ui are contraindications tn the use of this 
drug: i.e., under what conditions should it not be used? 

]| P What adverse reactions might one reasonably 
expect to see? How would you monitor the animal to 
delect potentially serious reactions before they are per¬ 
manent or endanger the animal's life? 

12. What course of action will you bike if you elicit 
one of die drug reactions out lined above'? Do you have 
Lhe requisite drugs and/or equipment on hand? 

13. What plans do you have for equaling the results, 
of your therapy'!' By what pammelsfi) will you judge 
w hether the animal is responding to tiealmeni? When 
L'iiii you reasonably expect to see the first response? 
How will you judge whether you have cured the ani¬ 
mal? what follow-up procedures should he instituted? 

Veterinary pharmacology is not an easy subject to 
master because of the multiplicity of species concerned 
and pk’ilunni of available drugs that can be legally 
obtained. The veterinarim is asked Lo care for Lhe heal ill 
of the entire animal kingdom with the exception of 
humans, In studying this test, (he uudnvi should con¬ 
stantly be aJert to the fad that various species of animals 
may respond differently in eenain drugs. These species 
difference, and (he fact that many of the animals we 
treat enter the human food supply, distinguish wtcri- 
jkjiry phamMcology from medical pharmacology. 

Diligent study of comparative pharmacology is an 
essential part of becoming an effective ueferi nurian 
who is capable of applying or prescribing rational drug 
therapy without harming the patient, This has been a 
central problem of medicine since antiquity and con¬ 
tinues to the present time, 

As Aristotle (384-322 nr) said in Nkhtmachean 

Eiftk v hook 9, '"Even in medicine, though it is easy lo 
know whal homy, wine and hellebore, cautery and sur¬ 
gery are, to know how and to w hom and when Co apply 
Lhem so a& to effect u cure i s no less mi undertaking 
than to be a physician | veterinarian]/' 
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PI \ ARM ACODYNAM ICS: MECHA NIS M S 
OF DRUG ACTION 


MARK I- NOVOTNY 


PliriiuKad|i)«ink Terms 

Receptor 

ARtmi^K Affinity, tlfSescj, and Etdenci. 

Anliignjii^m 

Sflrctivity and Specificity 

Quantitative 1 kcsgiiiibsi's in flat- Pattern 
Quantitat!v* Xspwi'is of IJriiig-Kecepteir Intmurtian 
Dose THratwn Studtes 


ptiamiiiLYjdyriLinik^ k the sLbdy qf physiologic and No- 
chcmiqaJ eflfects at drugs and hew these effects re kite to 
a drug's mechanism of acliin. PhinnacDdyiUiUks 
focuses on the action and effects of drugs within the 
body. Rir example, a drug may interact whh u receptor on 
the suriare of a myiscardial cel l to iiuUatc a scries of KAfr- 

lion® ilfciic cause the myoaurcEjd cell so contract more 
forcefully (a postils inowpie effect); the resiili is m 
inctisa.se in cardiac output and peripheral tissue perfusion. 
ciLlininytiiig in an increase in exercise tolerance of a 
patient with congestive head failure. The study of the 
effects of a drug can span from basic btodieimcaJ and 
molecular mechanisms So cel lukir responses, Co effects on 
organs or systems, to the whole iMtiml, or even to popti= 
kicwiris of animals. Thus, i^macodyramics relevant 
to all aspects of phamiacology: from basic pharmaeo- 
logk research in the UiN.»r-,HLir>“ to applied fterapeutics in 
the clinical patient In genera], phurmacodynainics char¬ 
acterizes what a drug does to the paLient. In contrast, the 
study of pharmacokinetic* iChapEer 3) addresses whsi 
the patient's body dws to a drug. The pylient ahvisrhs the 
drug into (he systemic circulation, distributed the drug m 
(issues. in the lnnly, metabolize* the drug, and eliminates 
the drug from die body. Effective use of a drug requires 
knowledge of the drug's phamiaeok inctic and phermeco- 
dynamic properties. 


PH ARMACOnVTSA MIC TERMS* Important to the 

discusskub of phumuieotlynumies is an intrt^duecickn to 
the terms used to define the p h a mi ac i *1 y num i c proper¬ 
ties of a drug. 

Receptor A dmg meeptrtr is the maeromoleeular 
awnponerot of body tissue w ith which a drug interact* 
to iniluite its pharmacologic eHeels. Only the initial 


con sequence of a dmg-fceeptor interaction is correctly 
tensed Lhe "aci ion" of t he drug. The succeedi ng effects 
are more properly called dmg “effects Receptors tan 
he proteins, enzymes, nucleic acids, or other eel lukir 
constituent*. Protein receptors are often well character¬ 
ized. Examples include the muscarinic receptors on 
cells of the heart, smooth muscle, or exocrine glands 
and nicotinic receptors on cells at neuromuscular junc¬ 
tion* or pregauglii'in ic synapses. The endogenous neu- 
raLmnsmiller acelylcholine (ACh 5 activates bolh mu.v 
cutfiic and nicotinic receptors. The widely uved drug 
uLrupine competes with ACh for muscarinic receptors 
as its mechani sm of drug action. 

Enzy mes associated with hey regulatory ur meta¬ 
bolic processes are particularly u.*e1ul receptors. As Lin 
example., the neurotransmittcr ACh is mehibolized by 
acetylcholine euerase (AChEi, an endogenous enzyme 
that terminates Lhe action uf ACh, Tile drug pyridi Mig- 
mine inhibits AChE, proknigtflg [he action <if endoge¬ 
nous ACh B and h therefore- woeful for rreutinc* myasthe¬ 
nia grasi^, a disease characterized by a reduction] in 
functional nieotinac receptors at neuromuscular junc¬ 
tions. On the presence of pyridostigmine, ACh is avail¬ 
able longer to activate the remaining functional iatco- 
link receptors. As another example, the yynergtsEic 
antimicrobial effect of the Cri imthupurhsu Ifoiiaiuide 
combi nation results from actions on sequential steps, in 
the enzymatic pathway by which mieron^rganisms syn¬ 
thesize folic acid Item prceurvnf nwheute. 

Other cellular constituents can serve as receptors. 
Examples include nucleic acid*, ion channels, and 
intracellular proteins such as tubulin, Lhe respective 
sites of action of cancer c he mu C h e rape u L iv agents^ cal- 
cium channel blockers. and ill# antifungal agent grise- 
ofulvin. for certain drugs a IhfittupeiUbC cffel nceoes in 

the absence of clearly defined, niKmmotecular tissue 
receptors. Examples include the Osmotic diuretic man¬ 
nitol fCfeaptar 2ti) and analogs of purine and py rimi¬ 
dine liases (Chapter 52) that serve as suicide substrates 
For DNA or RNA synibesis. 

Maximal tissue response to a drug may occur when 
only a fraction of the total number of receptors are 
occupied by ik drug. This siiuiu iop can come about, 
e.g.., when a step subsequent to occupancy of the recep¬ 
tor by the dmg is limiting the expression til the drug- 
re cep Lor response. The term spare mrr^r applies to 
Lhe xjidJatkm when maximal resfOitse is elicited by 
occupancy of a fraetkm of the tissue receptors. 
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Agonists Affinity Wfcjp,| f and PWtiK}; 
is ll drug [hat pUtttttt uffinily for a puitk'ulur itCtflUr 
and causes a change ill the receptor chat result* in an 
i^MTvable effect Agonists are Audur characterized a_v 
full agtinim, producing a nunlml response by occu* 
pying all nr a fraction of receptors. or partial aganu»% 

producing ten dun a maximal rena m e mi wlmm iln- 
drug occuptet all of the re cc pton. Affinity describes iJh«■ 
Tendency of a drug tocmnNne with a particular kind of 
receptor, whenai efficacy or aetrvfiy off -ji drug 

refers to i he maximal efface the ^truji can pralm. A 
partial agonist has- less intrinsic activity rlun a full ago¬ 
nist. Jfcirevirv is a term Lhat to frequently minmdaitoQd 
when comparing two or more drugs that give rise toIhe 
sumc observable effect. Potency of a drug refers In Ihe 
dote that rmivl be udmintoLered to prcNJuee a particular 
effect of given iflriHttfty. Potency is Influenced by Ihe 
affinity of a drug for In receptor *ites and by ptairmu- 

cokinciic pnwesves thill Lleeenninc drug eonpcnirvunn 
in the immediate vieiniiy of iris site of action (hio- 
ptuLsck Potency of a drug vanes inversely with dose; 
the lower Ihe dnse required to produce a staled 
response, the more potent the drug. Potency is a rela¬ 
tive. mther than ahsfllutc. expnuini of drug activ¬ 
ity, For potency decermi nations a standard muse be 
defined. and potency comparisons are valid only for 
drugv LhaL produce Che slated response by the tame 

medualun of action. Potency of a drag to not neces¬ 
sarily correlated with M efficacy or safety, and the 
mosi potent drug within a series is not necessarily clin¬ 
ically superior. Low potency is a disadvantage only if 

the effective due is so large ihur it to coo costly to pro¬ 
duce or too cumbersome to administer, 

AftapaflUnip An antagonist m a drug that biocfci the 
response pmdticcd by an rignutoi. Antagonists interact 
with the receptor lht rthci component of ihe effector 
mechanism, but antagonists are devoid of intrinsic 
activity., Antagonists can be further characterized a\ 

coMpttitfft antagonists off HnaMpdtfvr magonisis. 
Compe titi ve antagonism is completely reversible^ an 
increase in ihe concentration of the agnntot in the 
immediate vicinity of its siLe of action or biophu.se will 
overcome the effect of the antagonist. Allhough lacking 
intrinsic activity, the ^eflbfecy" of an uncagonist is 
measured in terms of reversing or blocking ihe effects 
of the receptor's igDOhL Therapeutic agenls acting by 
competitive 1 antagonism include atropine lamiirius- 

cariate agent), diphenhydramine iuncihiMamine ur II.- 

itcepw blocker)* pfflpwnkt (|3-adrenergic blocking 
drug), and spirorwlaclone (lldostofUK lOtlgOAlBt), 

A AMCiMprtWvr dnftyfCHifrf conceptually removes 
the receptor nr response potential from Ihe system. 
Addition tiff more agonrst to the bbfkue of ihe inhib¬ 
ited receptor wilt not uvercWM the antagonism 
achieved by a noncompetitive antagonist. Thus the 
essential feature of noncumpetiEtoe antagonism is thaL 
the ugomsl has net influence upon ihe degree of anEugu- 
□ism or its reversibility. "the maxi mu I effect achievable 
by Ihe agonist is reduced act^mlingly by a itoncmhpvli- 


Live aniagontot. Examples of noncompetitive antaptk- 
nists include the oc-adrencrgrc blocking drug phenuxy- 
bcn/iuminc und the platelet-inhibiting oetkni of upriiL 
The thnwnboxane synthase enzyme of pilaLelets is hrt- 
venibly inhibited by aspirin. a process that is reversed 
only by production of new platelets {Chapttr 22JL 

SdedhlQ and SpecHdfj. A drug ie usually 
described by i ts mod prominent effect or by the action 
Ihnugtl to be the basis of char effect However, rurely 
dues a drug produce only a single effect; most drugs 

produce muMpla effects. Srii-ctmiy of j drug depends 

on its capacity in prefcrencially produce a particular 
effect The charaeceriitic effect of the druji is- produced 

al Lower doses than those required to elicit other 
BqWB. Fw example, the sympathomimetic amine 
deolwtonl Inis a high degree of sdectlvky for (i, 
nceptofl in ^lirw^yv ^nd is useful in [he tmifUflt of 

reapintory dhew in barm wills broKbnpum. At 
high dm mnifetfUbw of sctirrlty on canii^L 

re-ecpUirs may be upparcnl. A Iruly seleelise drug pro¬ 
duces only a single effect. The anticoagulant heparin is 
an example of a drug that has selective action. For ther- 
iipeuric appUcstiou, uketivky c?f a drug is one of its 

more important danctoubcL The route of iidmims- 
Iratiun (e.g., Lopical udmini^lruLion) or the pattern of 
dntg dtofritaukm to dries of acikm (e.g., rescricted from 
Lhe cnml nervous system) may confer selectivity of 
aetkn cm certain dugs that are ordinarily noosetective. 

fliers all the cffeci.s pre^duced hy a drug arc due elp a 
single mechanism, of ad ion, [he drug is s;Lid to he tp& 
cpfe A Hpcvific drug aei.s ai only ok type of recepfLur 
hgi may produce multiple pharmacidogic cffccis 
because of LocukHi of receptors in virkHU ingans.. 
Atropine is a specific drug in ihai its varied efTccrs can 
he oiirihuted m ics anrimu^carinic aerion. Effects of a 
nonspecific drug result from several mcchiinhmH of 
ucticm. The p<sienlmi sites of phcntuhiu^iiie trtoquil- 

izers ie.g B , accpranizuK) fedude sedilkm {increase 
the r4ite of dopamine turnover in Lhe bnlnk un 

iUkticmctie actioa (depress nciivarioti of ihe dtoDloro- 
ceplor iriggcr zone), hypotension {rz-adrenerg.ie recep¬ 
tor blockade k an antispusmudic effect esn the jyLOJvnn- 
Lcvtiniil smooth rnuscic (imtiitoilmergic uxlionL umi 
hyputhermLii (interference with hyporihalamle control 
of lempeniLure regululioni. 

■QUANTITATIVE RESPONSES IN THE PATIENT 
Tin 1 purpose of iidminiMcring a drug to m an i mid is to 

pft h,Ub^l' u purcieulur rexponse of desired inLcnsicy. Thin 
response will usually be produced by establishing and 
maintaining for a certain tune un effeclivt* con«fltn- 
[u 111 of iIw drug in the irtimediaie vieiniiy of its site of 
action, A fundamental principle of phurmjculL^iy is 
that the intensity of ddfed by 4 l drujL is a 

function of the doK wlmimtfeml. The nespome of a 
patient to different doses of « dng, w the dw< 
response ivlati^iflship. eiiflfniTn^ to the principles L lis- 
cvmd below for dmg-reeeptor inLcractions. The 
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patient response can he represented graphically id at 
teas! two ways, as shown in Fig, 2.1. In Fig, 2.1 A the 
relationship is depicted between the drug dewe and the 
response. More awnnionly. the LX'iiicentration of the 
drug is expressed cm a logarithmic scale as shown in 
Fig. 2.1 B. The slope of the log dose-response indicates 
the range of dosage over which the drug acts, from 
minimally detectable to maximally effect Lvc, The vari¬ 
ability in Lhe response can he reined to physiologic, 
pathologic, ur drug -induced variation in the patient or 

in v iinalion in ;i papula Lion or paiienriv Thu^. f . _ir i n hi I 

icy in effectiveness of a drag given to the same paiiem 
at different times or ici different patients wilhtn lhe 
same species can be due to circadian changes, age, lhe 
slate od lhe patient's health, genetic variation, or envi- 
mumciiLal effects, or if may be drug induced, as for 
instance by receptor town-regulation ( sec Chapter 4) 
The relationship between dose and response may be 
interpreted i n one of two ways,: (|)ys the dove of a drug 
is increased, ilw intensify of lhe response is increased 
I graded dose-responsefc nr 12) as Lhe dose i s Increased, 


A 



Logarithm of Dose 


FtCS, 2J 


the number or proportion of animals exhibiting a par¬ 
ticular, stated response is greater (quanlal du^e- 
response). A graded doflc-responsc rclaiiomdtip cun he 
measured on a continuous sole, whereas a quanta*] 

respniisc is an ail-or-none response. Thus, for an iiudi- 
v idual patient. Lhe dose-response may be graded or 
quantal depending on which criterion of response has 
been adnplcd. F or example, if lhe response cri Lcrion for 
togs with atrial fibrillation i s reduction m the nice of 
contraction of the ventricles in response to increasing 
closes of the cardiac glycoside digoxin. then the ven¬ 
tricular rate can he measured on a continuous scab 
with an electrocardiograph. Therefore, the dose- 
response relationship is graded, However, if the 
response criterion is reduction of the ventricular rate to 
^I4tl heals per minute fbpm) lor a population of dugs 
with atrial fibrillation, then the response of each dog to 
a given dose of digoxin will he all-ur-none;. Lhe ven¬ 
tricular rate cither did or did not decrease to <1411 bpiu 
for each animal. The more-sensitive dogs in Lhe popu 
lalion may experience a decline in ventricular rate to 
£I4C) hpm at a relatively low dose of digoxin: more- 
resistant eases- of atrial "fibrillation will require higher 
doses, Thus, the effect of a drug and its variability can 
be imuilored m a pnpulaftifln, not necessarily by mea¬ 
suring ilie graded response in individuals in the popu- 
liLiion m a range of different doses, but by measuring 
the dose required to produce a measured effect among 
the individuals. 

In practice. an end point to response or an efFeei is 
defined, and lhe dose of drug required to achieve that 
end point is determined in a gmup of individuals from 
the population. I ig. 2.2 shows the refill of such a pro- 
cedure, A frequency distribution curve is obtained with 
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tJie ihdibI- sensitive m rn te it of the population respond- 
iiig and reaching the end point m the lowest dwe of the 
drug and wjjjh die inosE-resiscanE memhen, of the popu¬ 
lation requiring the highest doses. As- Fig. 2:2 MIiih- 
tnat», the sensitivity of a drug is di Mjihutal normally 
with R$piX1 lo (he logarithm of Lhe dose.. In (his popu¬ 
lation, (hedose required lo produce the effect m 505= of 
ilk? individuals is known m the mcduii ejjbcth'e dose 

and is abbreviated ED^, When the frequency disurUbu- 

liiwi curve i$ plotted m li cuuukiiw frequency distri¬ 
bution curve, (he familiar logarithmic dQK^IHpon$e 
curve is obtained (Fig, 2 ,IBk This- h the form of die 
runv commonly used for ease of understanding some 
of the pri nciples of drug dosage. 

At any given dam. She CUimdfldw (quiullal log tkfee- 

response} curve gives she pelcenlage of animals- 
responding lo that dose and [o all tower doses., 
Although both the graded and quanta! dose-response 
Curves are sigmmdu] in shiipe, they represent different 
interpretations of the dew-response relationship. The 
graded curve relates the intensity ptf response to the sire 
of dose (sec below b whereas the quintal curve 
expresses individual variation in the dose needed to 
prod lice a specified (predetermined l response, 

A useful measu re of variability of the normal distri¬ 
bution curve is the standard deviation (SD). The area 
under the curve enclosed by I SD m cilher side of the 
median represents shout 68% of the total sip enclosed 
by Lhe entire distribution curve (Fig, 2.2). Thai is, 
jipprmuiuueiy iwo-thirds of the total number of ani¬ 
mals tested would respond lo a dose lying within 1 SD 

of lhe ED V| . 

As noted previously, tor the individual dorf-response 
curve, lhe slope of the curve gives m imiieauon uf the 
range over which a drug elicits its dTecls. In a pop u Lai kin. 
lilt 1 dope is similarly impuiXiiiifl in indicating the range 
over which 41 population is affected. If one consklers only 
the desirable effect of a particular drug, then the impor¬ 
tance oi the dope Lies in its ability lo predict the duse of 
llie drug whkh will produce lhe desired effect in all nr 
any fraction of lhe population. The steeper the sbpe., the 
narrower tlx- range of doss which eixoitipasses die 
majority of the population, tn the unlikely and itkiT 
ease where a ding has no undesirable $jde efforts, die 

ED^ (lhe dose sufficient to he effective in almost ill indi- 
v iduals in the initiation} can he used effectively in vir¬ 
tually all patients. However, tor mosl drugs, as. lhe dose 
increases, uaxiesiruble or side effects heeome increas¬ 
ingly common. Because ui high doses these may include 
severe toxicity and even death, the saldy margin between 
an effective dose and a toxic or lethal dose is of extreme 
importance. Therefore, (lie greater the gap between ihe 
effective dose and the dose that causes toxicity or death, 
the safer lhe drug, The prairieming and slope of the cumu¬ 
lative frequency (bstributiem curves for the desired effect, 
side dTectik toxic effects, and lethal effect <ue rniporuint 
indicators of the safety of the drug and our ability to use 
the drug successfully. 

line ratio of the drug dose w hich produces an unde- 
sired effect and Lhe dose which causes the desired 


effects is a therupeulk index and indicates lhe selective 
Lty of the drug and consequently its usability. A single 

drug can have many therapeutic indices, om for each of 

Its undesirable effects relative to a desired drug action, 
and one for each of its desired effects if the drug has 
more than one action. Consequently, a single therapeu- 
tic index derived from the ratio of the ED^ and the 
median lethal dose (LD^j value* is only a gmvs assess¬ 
ment of Lhe safety margin. Also, Ibis is likely to be mis¬ 
leading if the dose-response curves From which the val¬ 
ues arc derived are shallow.. 

Fig, 2,3 shows two cumulative frequency distribu¬ 
tion curves, one for the etiecLive druse* of * particular 
drug and one for ihe lethal dn*p*. In this, hypothetical 
and extreme case, Lhe effective dose in only 50% of the 
population (EDl) will cause deaih in lhe most-sensi¬ 
tive individual in the population. The dose of Lhe drug 
sufficient to be effective iil almost aJ] the individual an 

(he population (the ED W ) is also the LD Ni and therefore 
sufficient |o kill half of the population. The margin of 

safety F«r this drag i* onaeceptable. 

Fig. 2.4 deroonMrates chat Lhe tiepe of the cumula¬ 
tive frequency distribution curve is important m live 

separation of desirable from undesirable effects. 

Shown in ihe figure are the dose-response curves for 
two drugs (A and 111 Ihul have identical LD <( 's and 
identical LD^s hut different slopes to the do&c- 
RflpCHlse curves. To understand the importance of (he 
slope, compare die difees Uf the two drugs required to 

produce tire desired effect in all rnembers of the popu¬ 
lation wish the range of do%es causing d«nli. Drag A, 
with the steeper dose-response slope, can be used 
effectively on the w hide j'H.y| i ii.il;.ii h in wilHlhiI causing 
death, while drug B. with. the shallower curves, cannot 
he used in this way. The dose of drug B that yields 41 
therapeutic effect in Lhe majority of the patient popula¬ 
tion. will also be lethal to a significant number of 
patient*. Rather than death ns Lhe end point for com¬ 
paring therapeutic cumuhnive frequency distribution 
curves, a more clinically meaningful comparison is 



FIG, 2.3 
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with distribution curves for the relationship hciwceii 

d dvc and the onset of the manifestations of a drug's 
toxic principle (e.g.. ihc onset of vcmiiting, umresia, or 
bradycardia for the cardiue glycoside digratm). 

Thus, the u%c of a drug edUM be predicted on the 
basis of a Lherdpcuric index derived from I he ED^/s Jind 
LD^s atone. A wider knowledge of a drug's properties 

is. Tequired. With respect to effective dcw^., kchiil 

doses, or doses associated with the onset of toxic drug 
eflH’is, she important factor is the safety margin and a 
clear gap between the maximum dose required to pro¬ 
duce the LherapeuOc effect and the minmluiu di>e tltfit 
wall idtiiDC a toxic drug effect or cause deaih. 

QUANTITATIVE ASPECTS OF IlKOC-RECEP- 

TOR INTERACTION. The drug concentration in She 
biophasc depends on Lhe amount of drag (dott) admin¬ 
istered, mute of odmimstruJicHi. factors ch^ic influence 
distribution of lhe drug to Lhe bkiphaafi, and the Rite of 
elimination of drug fmm she bitsphuse and pVltenfi 
Presence of the drug in the bkpbue leads to interac¬ 
tion between drug molecule* and receptors, and thus to 

a change ai the receptor level. The magnitude of this 
change depends on the concentration of Lhe drug in the 
biophase, the affinity ol the drug for the receptors, and 
the drug’s intrinsic activity. The result of the drug- 
receptur interaction is. the foiYrtuliori of a The 

stimulus tm a linear relationship to the number nf 

LK^irupiczd retzeptnne. Ac twin nfthc si i itiuIlis lwl the diet: 

Idt system results in the quantifiable pluirrilraoltigic 

effieeL 

Thus, a pharaioeologie response is considered to be 
ihc result of a reversible interaction of a drug with its 
receptors. The intensity of response elicited hy 41 drug 
is a function of lhe dose 4itlministered. In certain 

instances. ;i drtJg-iecepiof response may be character- 
i/ed m qu4uiii4iI in nature; however, lhe preponderance 
of dose-response relationships at the receptor level arc 
lsener described in icmns of a graded response. The 


dnig-receplor-response relationship is summarized in 
the following equation: 

drug + receptor •<-+ dm u-receptor complex -> 
response 

The magnitude of response is- turned 10 he propor- 
linftal Eli the number of receptors occupied by the drug, 
with a maximal response correspond ing lo occupancy 
of all receptors. AkHfAthdy, maximal tissue response 
lo a drug may occur when only a fraction of the total 
number of receptors are occupied by the drug, us pre¬ 
viously discussed for the situation when a slep subse¬ 
quent lo occupancy of the receptor by the drug is lim¬ 
bing the ex press ion of the drug-receptor response, 

Two intponam assumptions are inherent in the 
dose-response relationship; (I) Uhc drug response is 
directly proportional to the percentage of the toiiil 
number of receptors occupied by lhe drug and (2) a 
negligible fraction of the iota! amount of drug in lhe 
body combines with Ms receptors. The reacting sub¬ 
stances are the drug and she unoccupied (free ) reeep 
tort for the drug: 

drug + free receptors ■#-+ chug-receptor complex 

(Q (100-»> k 2 (Y) 

where C a is the cOfKemraijon of the drug in the bio- 
phase and! Y is the pcvmtu^c (iTinccaiLrtlion) of reeep- 
Ion occupied by the drug. Peculiar to Lhis situation is 
that neither of the reading substances Cflil be accurately 
measured, yet conclusions muy he deduced from the 
interaction. At equilibrium. 


&, cu«3-n = v v 


Rearranging, Y/[C r ( 10(1* - Y)\ = k^k 7 ■ K . where tf is 
the affinity constant of the reaction. Ihc affinity CM- 
slant is an association constant ihul refines lo die equii- 
lihrium attained in the furmattofl of the drug-receptor 
complex. 

Since effective conceinjiitLOri of lhe drug remains 
essentially unchanged during the reaction. ife raw of 
concentration of occupied receptors, to that of unoccu¬ 
pied receptors is- proportional to ihc dove administered. 
Tliai is. the dose ihai wilt occupy half of lhe receptors 
in the drag-receptor complex givni 4i 50% response, 
This will correspond to a sdJtUfltiOd) in which HU 100 - V) 


= I and liED^ ■ A so that (Ik; median effective dow 

fED^J is the reciprocal of tile affinity constant nf the 

tissue receptor for the particular diug- 

Graphic reprercntaliftn rtf j f rjiLtid response wilh 

increase in dose hits lhe form of lhe hyperbola mwp 
previously for quauial dtose-respoiflse relationships. 
The response is (he dependent variable and the dose 
K the imlependent variable. On a semilogarilhnuc 
graph, lhe hyperbola is converted lo the familiar sig¬ 
moid curve, again analogous to the quunlal lop d(M> 
response curve. Drugs dial produce a particular cffcci 
by the SdflK mechanism of action but differ in 
potency yield a series of parallel log dosc-rc^pnnw 


curves 
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DOSE TITRATION STUDfES. An application of 

rhe doH-mpooH reltnii-nfcKhap it in (he regulatory 
approval process few new animal drugs. Traditionally, 
thtf dose-response relationship of a t«w aiiimul drug 
mil he chunafLeribCdi in u fiMKT described above. A 

clearly defined end point (tf end points) of drug etTn- 
cacy that is related to the proposed clinical indiealicm is- 

cvhmcd in a population of animal* across a range of 

dow. The critical aspects of ihc dose-response rcla- 
t kill ship for She dose or dose range of She drug yaw3er 
study include the lower plateau of she curve uL which 
the dose it ittfludvt. the slope of She curve. 4uid (he 
uppetphileau 4 lR wUch dbdlWKn i* not inpemed by 
increasing the dose. When a drug h propped as, being 
effective over a drwe range, efficacy alwnld he dam* 
stmlcd in such a way lhal one can determine from (he 
dewe-raponse- dula that the drug will he effective at all 
dr**?* wiihin the range. Thu*. the lower limit of a dewe 

range may he based, eg., upon the cumulative fre¬ 
quency distribution curve for the sSTerupeutic effect, 
wfrereus I tie upper limil of ii dose range may be based 
upon some other practical aspect such a* safety to the 
tatget umtinal. the potential for drug residues in find 
product* from treated unimals. length of wttbdnwal 
times ffet find idinak, if ^ a ctloa site wluH! or devel¬ 
opment costs pertaining to synthesizing ancll presenting 
the drug in fa final fommliittH for ihc nuwkec. 
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PHARMACOKINETICS: DISPOSITION AND FATE OF 
DRUGS IN THE BODY 
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Cl usury uf Fha rnutcu kiwi ic Terms 
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Pharmacokinetic* is ecwkzerued with Mudy md eharue- 
leri/ation of Ihc lime course nf drag absorption, <3kscci - 
button, met&hoiosm, and cscreI hhi. Specifically, it is 
defined as (he Mathematical description of drug coo- 


cmtvilkm duqgjd in (be htuly. Additionally. it is con¬ 
cerned vbh the RbltaNuUp of ihese prixesses to imen- 
hiiy ;uhd dur;Uu?ri of chuwteritiic dfccA of drugs. An 
understanding of (he dcrae-cIfecL relalirmship can gen¬ 
erally he obtained by linking pharmacokinetic behavior 
with information on pharnuicudynanik' acLiviLy (Hol- 
fnrd and Shcmcr 1981). 

The usual m&QO r*LHT itdotiiii^iering a thug lo ;ui aJii- 
imil is to produce a certain pharmacologic ncspcwiwr. 
This objective may sometimes he achieved, at least in 
part* hy giving a recommended dose of the drug with¬ 
out appreciation of Lhc basis of ihe reeommendalion. 
■]"he most effective use <rf drugs. based on ^ui under- 
funding of phuniNici dynamic* and piytflMwfctlrtfc 
principles in Lhc clinical patient., together wish some 
knowledge nf product formulations, is Ihe essence of 
clinical pharmacology, Ibis enlightened approach pro¬ 
vides an insight Lu mechanisms of drug inlerucliuus and 
FHriential usefulness (or dtfafifwitt) of annbinaEiun 
preparations. 

To produce its characteristic eAxt(t) r a drag mtLsi 

iLiifiin s^ffixtivc CQfWalntijOtU tit its she of a^iion B Do 
veterinary racdklDC. this requirement is complicated 

by iI k variety of animal speck* to which therapeutic 

agents and ancsilwlks are administered. Wide varia¬ 
tions in inlensity and duration of pharmucologic effect 
are commonly observed umong species of domestic 
animals when a drag is given at the same dow level 

(mg/kg). These variation in respond cm be attributed 
K> diflterenttS either in ihe aVlimihy of the 

drag at the site of action or in Ihe inherent scnsilivily of 
tissue receptor sites. Clinical pharmacologic studies 
suggest LhuL. lor Ihe miijonly of (henipeuLic agenis. the 

species vartoluu in tespruive are largely due cn differ¬ 
ences in disposition kinetics of the drags. Thit implies 
(hat a drug has the same range of therapeutic plasma 
concenlriulions. once defined, in (he different species. 
When a drag is administered by Ihe oral route, fhi? rale 
and exLent of its iibsorptlon from Lhe gaslrainlesiinal 
(GD Irucl are likely to vurv, m particular between 
inonugJiNlric uimi ramiiujiL animals. CunsttguenEly, by 

influencing iIk plasma canouku actainod. drug 
abwnrpiion can contribute il^ tpecks variirioiu in the 
rnponiK lo a given dose. 


PASHAtrh Of DRUOS ACROSS BIOLCMHC 
MF.MBRANFS- Abmptiaft and. distribuliuil of a 



i* / fetfru? J d* nmctPUB w niAMWflihn 


Hssue*Bound Drug 



Free Drug in Distrj tuition Fluids 



Site of Action 
Receptor 



Elimination 


Distribution 




Drug in Solution 

Absorption 

Fr m Drug 
% 

i 

■ 

Excretion 

Uochang&d Drug 

+ 

at 

Absorption Site 


\v 

Protein-Sound Drug 
Plasms 


yoteboiites 

Uone 


FIG 3J—Schi'hLhlH* iCprchL'iiluiluni ul vuriuus prcmrutuK IhuL JifEanuinu jhiralann nf drug Hticn, 


drug influence the concentration attained in the irnme- 
diutc vidnjty of its itCcpCOr *ilcs, while bialransforma- 
tion (metabolism) and nention are responsible tew ter¬ 
minating action of lliedrug. The inlemdationship of ihc 
wkus pfHHtti chat detuuilK duration of drug 
Ktkn li dHWtl in P5g. S.L Either directly or indirectly, 
all llhrsc processes involve passage of drugs across 
membranes. h i§ inportut therefore, to contkter 
briefly Lhe general nature of Uh biologic rciemhrane 
and mechanisms by which drugs, cravene this cellular 
bunicr. 

N-uIdit of biulugir Mauhranai. Biologic mcm- 
bnjtics may be viewed a* fluid mosaics of functional 
units composed of lipoprotein complexes tDnwhcn 
1969). The charactcrisiic feature of all mcmhrniws. is 

a bilaycr of amphipalhic phospholipid molecules, ori- 
cnicd perpendicular to the plane of she membrane, with 
polar head groups aligned aL both surfaces and long 
hydrocarbon chains extending inward, forming a con¬ 
tinuous hydrophobic phase (EJcncI cl aL t996). Indi- 
idual lipids can move Laterally, endowing Lhc mem¬ 
brane u-iih fluidity, llexi.hdicy, im]HTv iouMKSf jo pillar 
molecules, and high electrical resistance. The lipid 
molecules ear even flip from one bilayer of il» mem¬ 
brane Id lhc other. In tfafi mtxlel, proteins integral to Ihc 


membrane are a heteiogeueuus wi of gJohuliu innle- 

eulcs, each arranged in an amphipnthic ctruchire. i.e,, 

with their iu-iuc and highly polar groups, located hugely 
on membrane surfaces in contact with the extra- and 
intra-cellular aqueous media and wiih their nonpolar 
residues sequestered from contact with water in the 
membrane interior. These proteins are partially embed¬ 
ded in a discontinuous^ lluid bilaycr of phospholipids 
thill forms (he matrix of die imuk. Aqueous channels 
appear lo be present rn ilie one of die globular intrinsic 
(integral) proteins, and may be gated (l.c . charnels may 
open and close) hy conformaniwial changes in the pro- 
leins. Eminic proteins unr bound to exposed surfaces 

of the intrinsic praftefau by ekdraUitic nr hydrophobic 
interactions, hoi ilk/y tie woA involved in lipid-protein 
a: 1 1 -. - : .ictiLMis critical to the ocnbiHK structure and its 

functions. Cell anobnocs arc approximately W nm 
thick. 


Drugs Psjkhbe across Mtinbrano. Drug motecul'C's 
move across membranes cither by passive transfer or 
by active participation of ihc membrane (ficoct ct J. 
19%S» In passive tnufet the membrane behaves us an 
inert lipold-pore boundary,, nd drug moleculei tftvene 
this burner other by dittoing through ihc lipid regkn 
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or, if of sulTiaenLly small size, by Eitaping through the 

postulated aqueous pores (channels), Both nonpolar 

lipid-soluble compounds and polar water-soluble sub¬ 
stances Ihul possess suftldcnl lipid solubility cun cro&s 
i he prcdkimiiijuuly lipoid plasma membrane by passive 
diffusion. Rate of translocation (diffusion) is directly 
pifiHlidiial lo concenlTBiLiOTi gradient across the mein- 
bnintr and lipid-tu-w-iUer painilioti codTirioiL of the 
drug,, Passive diffusion. thuracterired by momma! of 

drug, molecules down u coacentniort gndfeni without 
the cellular expenditure of energy, is by fur the most 
important mechanism for passage of drugs across 
membranes. 

Filtration is a common mechanism for transfer of 


many arait water-soluble. polar., and nonpolar sub¬ 
stances. The apparent diameter of membrane channels 
differs among various body membranes. Channels in 
the capillary cndothcliul membrane are tarpe (4-8 nm 
depending on Capillary karat ion), while those in the 
intestinal epithelium and most cell membranes are only 
about 04 nm in diameter. Drug permeuLiori through 
aqueous channels, is important in renal excretion 
(glomerular filtration I. removal of drugs from the cere¬ 
brospinal fluid (CSF) t arachnoid villi), and passage of 
drugs across the hepatic sinusoidal membrane. 

In terms, of drug distribution, penetratiuu into extra- 

cell tilar fluid of the brain and CSF is similar to diffu¬ 


sion into intracellular fluid elsewhere in the body. Cap¬ 
illaries of the brain are unlike the fenestrated (porous) 

capillaries in muscle and most other lissues; their 
endothelial cells are joined one lo amither by continu¬ 
ous tight imcrcellular junctions. Plissuge of a drug from 
cerebral circulation into brain extracellular fluid can 


take place only by diffusion through capillary endothe¬ 
lial cclh (Wood'brain barrier), In the choroid plexus., 
capillary endothelial cells have open intercellular junc¬ 
tions. but choroidal epithelial cells are in close apposi¬ 
tion to one another. Fur a drug u> enter CSF from Ihe 
systemic circulation, it must diffuse through the 
choroidal epithelial cdta (btood-CSF barrier). Like¬ 
wise, the penetration of drugs into aqueous humor of 
the eye involves diffusion through I lie blood-aqueous 
barrier. The capacity of drags to penetrate ilicw Ham¬ 
ers may be increased in the presence of fever and cer¬ 
tain inflammatory condiLions. 


The pH Fmrtilloa Hyput htfsis, Most drugs are weak 
organic bases and exist in solution fi-s both non- 

ionized and ionized forms. The nonionized form w usu¬ 
ally more lipid-soluble and can more readily dill use 

across the cell membrane to achdow the wu equilib¬ 
rium. eoneenrratino oft either side. In contrast, the Ion¬ 
ized moiety is often virtually excluded from trammem- 
brane diffusion because of its low lipid sol ubjliiiy. 

Tile degree of icmizaliun of an organic elcctm-lyLc 
depends on its pK j value and the pH of the environ¬ 
ment, For an acid this is 

%lottiud = -— „ t0 ° -■ ■ - - 0.1) 

l + an Li Log C pK a - pH) 


and lor a hase. 


% ionised = 


100 


l + an 



(pH - pKj.) 


(3.2) 


The pk value, [he negative log an thin of the acidic ton- 
Izatkn (or dissociation) CDAsUAt, is a constuift for an 
add or a base. The majority of therapeutic agents have 
pk a values between 3 and 11 and exist accordingly as 
both noninnized and ionized forms, with in fhe range of 
physiologic pH. The ratio of nun ionized |o ionized 
drug at a given pH can be calculated from the Hender¬ 
son-Hasselhateh equation. For an acid this is 


pH - pK. = log 


(cone, ionized) 


leone. 



(3.3) 


and for a ha&e. 


pH-pK # 


„ (cone. nonioni?cd! 

kig- 

(cone, ionized) 



From Eqs. 3.3 and 3.4 it is apparent that when pH and 
pK values are equal. 50ft- of the drug exists in either 
form. Wln-n the pH is one unit bdnw the pK A . m acid 
is 9% ionized and a base, Q1%. fn the case - of an acid 
(vice versa for a base), each one pH unit -change to the 
acid side of the pk results in a tenfold increase in ncm- 
ionized form relative Lo ionized form: the converse 
occurs when shifts to the alkalme side of the pK are 
made. Because of the relationship between pH and 
degree of iunizutiuu. a relatively small pH change will 

produce a huge change in the proportion of drug pres¬ 
ent In mwiionizcd form, particularly when [he pH of the 
solution is numerically close to [he pk of the weak 
organic electrolyte. 

Distribution of a weak electrolyte is usually deter¬ 
mined by its pk value and pH gradient across- the 
memhraatc. The noniom/cd moiety diffuses across ihe 
membrane at a rate determined by its lipid solubility. 
Because of she pH difference on either side of Ihe 
membrane, the degree of ionization will differ. Ai equi¬ 
librium. there will he a higher total (noniunized plus 
ionized) conecntral ion of drag Oft the side of the mem¬ 
brane where Ihe degree of ionization is greater. This 
phenomenon is- knwn as the tun-trapping mechanism. 
To illustrate the effect of pH on distribution of drugs, 
panitimtirig of a weak organic add ipK m 4.4) between 

plasma (pH 7.4) and gastric ju ice (pH 1-4) is depicted 
in Fig. 3.2. It is assumed that the gastric mucosal mem- 
hrane behaves ai a simple lipoiclaJ barrier permeable 
only to the lipid-soluble, non ionized form of ihe add. 
At equilibrium, the total drag concentration ratio 
between plasma and gastric juke would he approxi¬ 
mately lOOOtt. Accordingly, weak organic acids such 

aspirin lpk a 3.Sk phenylbutazone (pK 4.4) b sulFadi- 
azine (pK 6.4) B and phenubiirhiud (pK B 7.4) arc well 
absorbed from five G] tracL of dogs and cals. Likewise, 
Ihe acidic urinary reaction of the eamiVtirouv species 
promotes passive reabsorption of acidic drugs. (pK 
values Ixqwcen 3.0 and 7.2) from the dis-lid portion of 
ihe nephron. Conversely, urinary tlltliniikion will 
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FIG. 3.2—£ fleet of pH gradient an duinhuLiun trf u wtr-^k 
atpttic *:id (pit 4.4) hm hkxtd plasma (p|1 7,4) lirnJ 
juioc (pH 1,4). In Shis figure* [1| and |U| represent ah? 
of Lht* mnriccl iirnE nnruiiniud fractknfl of Hie 
tlrsjjl, rcapwlmfy. A dynamic equilibrium exists belwccn 
ionized und ncmioni/ed drug.. 


pnomerte their excretion by favoring, ioaizatiioii erf 

npnc acich, Although the ocidlon me of several 

drugs may be altered by changing urinary pH. thia tech¬ 
nique will have little clinical application in manage¬ 
ment of uvendusage unless a NignUkint fraction of the 

dose \s cKtreted unchanged (unmetiballied) as the 

parent drug in the urine. It may be significant LhaL weak 
organic bases (alkaloldal autaunces), tetracyclines* 
and macrolide antibiotics, administered. pareiiierariy. 
diffiiH* passively i nto the rumen ol cattle and sheep and 
iffllti the colon of horses as part erf Ihcir usual disiribu- 
tkm pattern. At these important sites, of microbial 
digestion, those drugs may interfere with functioning 
of mknwrganisnis or be inacriviAed by chem. Basic 
drugs (narcotic analgesics* phenofhiiziDe iranquili/eirs, 
ketamine, sylazine, diiaepiuti,. antiarrhythniie agents) 
tend to concentrate in fluids chut are acidic relative m 
plasma, such as intracellular fluid i pH 7.0). 

The CheorelicBl equilibrium Cdiltf roration ratio tlfj 
of a drug ntn opposite sides of a biologic membrane 
may be calculated according to ihc following equations 
(Jacobs I 940 )l For an acid this is 

j + mipH.-pK a i 

- 1 , i.,-*- <i5 > 




I + antilof (pH, - 
I + anti log (pH, - 


and for a hasc r 




| + P"- 1 

I + 



(17) 


i hc validity erf these equat ions for predicting. passage 

of unllmicrobial agents from the systemic circulation 



into the milk of laciacing animals is well documented 
(Table 3.1). It has been shown that only ihe li 
solubk* rioriiunized moiety of an organic electrolyte in 
the water phase of blood plasma diffuses into milk 
(Rasmussen I966)a This indicates ihal the- mammary 
gland epithelium behaves a& a lipoidaJ membrane that 
separates blood of pH 7.4 from milk* which has a 
somewhat lower pH value (normal range is 6,5-6,® ) a 
In nonnal I aviating cows, weak acids give milk Jim 
filtrate to plasma ultra liltrale concent rat ion ratios less 
than or equal to unity; organic bases, excluding 
aminogIycoside antibiotics (which arc polar in 
haLurek attain concent ration ratios greater than one. 
In MiSEili^ (he ini Ik pll reaction may be increased up 
to () f 7 of a pH unit, SO higher concent rati on ratios than 
those in normal animals will be obtained for the 
organic acids (Ziv cl a!. 19*3). Choice of andmicro- 
bial agcnL for systemic therapy of mastitis should be 
based upon susceptibility of the infecting miCfOOTgani- 
ism to (he drug and upon the active drug concentra¬ 
tion that can be attained in ihc milk with usual dnsage. 
The former can be determined in vitro, and the latter 
may he predicted by Eq, 3.5 Off 3.7. 


Curried Mediated Trims port, Camer-meiiiated trans¬ 
port across membranes implies a rapidly iteVtfsible inter¬ 
action between co mp ot wn a of the ra emfe r aa e and the 
transported substance. This kind of transport shows rel¬ 
ative selectivity toward the chemical nature of the sub¬ 
stance moved acTuss the membrane. Since a carrier 
(InfHfntiryK component) is involved an transport, the 
process is stumble,, and substances erf a simitar chemi¬ 
cal nature may compile for the curler. Competicive inhi¬ 
bition is a dharaclnristic of cnricr-niedLalad traiispwi 

Active transport and facilitated diffusion are hoLh 
earner- media Led processes but differ in that the former 
requires direct exp£n daJUrre of energy. The rapid trans¬ 
fer into tifine and bDe erf drugs (hat are strongly acidic 
nr basic as well ils most drug metabolites takes place by 
active transport. It is also responsible for removal of 
certain drugs (e,g„ penicillins) from ills central nervous 
■system (CHS) at the choroid plexus. This js now 
believed to be accompli shed through reverse transport 
from the CSF hack into the bloodftreati) by the p-gly- 
coprotcin pump (Miyun et al. L99tt>_ Cieneration of 
the pH gradient across a biologic membrane is an 
active pram. 

Facilitated diffusion is neither an energy-dependent 
process nor does it move subslances against a concen¬ 
tration gradient. Transport is facilitated, however., by 
attachment to a carrier and is more rapid than simple 
diffusion. Entry of glucose into most cells Lakes place 
by facilitated diffusion (enhanced by insulin), Inn its 
passage across the GI mucosa and excretion by proxi¬ 
mal renal tubular cells are active processes. 

Most inorganic ions, are sufficiently imaU to pent- 

iraie membranes. pores, hul their eonccnlralinri grad ient 
across the cell membrane is generally determined by 
Ihc LTansmemhrane potential (e.g., ebloridc ion) or by 
active Lnmspon (o.g., sodium and potassium ions). The 
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1 AI 1 LK . 11 —Panna^Ec of antimicrobial agcnl* from the Huttniic circulation inln milk 


Ci'niLTaitfaiitifl ratio 
■(milk ultrafillrdiirplusnu 


ii 


Drug 

p\ 

Mi|\ pH 

Thews ti cal 

ripenm-mlal 

Kt-h;rviii:e 

Organic ocids 

Benzyl penicillin <Ci > 

2.1 

68 

0.25 

0.13-0J6 

Z3v ei aL 3 §73 

Omudbi 

2.1 

6.a 

0.25 

0.25-0,30 

ZiV ct nl.1973 

Ampicilhn 

2.7. 7.2 

6.a 

ti.26 

(L24-0JQ 

Ziv l'I al 1973 

CepaaLuridme 

3.4 

6.a 

0.25 

0.24-0.28 

ZivdiL 1973 

Sul ladimi: ihiisine 

6vil 

6.6 

ti.20 

0.11 

SUmi! uml Sims.Iiu I9fi.1 

Sulfamethazine 

7.4 

66 

0.58 

0 59 

Rosmti^sen 1958 

Organic buses 






Tylosin 

7.1 

6J 

2.0 

3.5 

Zrr and Snlnuin 1973a 

Linen Hiycin 

7.6 

6.8 

163 

2.50-3.60 

Zis and Sulirun 1973b 

Trinurlhoprint 

7.6 

6MB 

2.6 5.3 

2.9TM.W 

Rusrnusvn 1970 

Erythromycin 

o 

6.8 

3.9 

@.7 

Rasimuwni 1959 

KJUnririyciii 

Atapboteriein 

(?4) 

6.8 

3.1 

□.60 0.80 

/.iv and Sulirun ]9?4u 

m^BfiEKycUnB 


6J-6I 


0.75 

Ziv and Sulmun 1974b 


Noie: Individual rctenenees should be consulted tor the design of each capcriincm It is important fro know the method nf drug 

tMlinmlMnidb-nTU since L r qui librium will mil he ■fMuhhshed idler ;i single" IV inject niriL 


potassium-sustaining diuretic agents appear to inhibit 
sodium-potassium exchange mechanisms in the distal 
nephron (specilk - Lilly. lHkt curcktJ wlletlin^ tubules) 

either by competitively amagemi/ing tubular action of 

aJdosierooe («,g„ apwKlactonc) or by interfering 

directly with Eubtil«f transport of these caticms <tri- 
a in terrene. am deride), 


DRUG ADMLMS I RA I ION, For a drug to act and 
produce its characteristic systemic effects* it must first 
be absorbed and then attain an clfedive concenlrulion 
at its die of action. Drug absorption is generally 
defined m pUMgi Of the drug: from its site of admiitis- 
traiicvn into the bloodstream. Drugs, arc administered in 
prepared dosage forma culled drug products rather than 

as raw drug substances The drug product contains a 

certain amount of the phantiacLdogteally active drug 
subscancei s) bncOfJKJrated into a douge farm. The 

dosage form and route of administration can influence 

the selectivity of a drug product and thereby its clinical 
indications. The absorption process is governed by sol¬ 
ubility of the dosage form, runic of adm inistration, and 
certain physicochemical properties of the drug sub¬ 
stance. A hutmkpe i^ needed bee ween water solubility 
(necessary for the drug to dissolve in the intestinal fluid 
and for distribution in the extracellular fluids of (he 
body) and Lhe tipid solubility required lo enhance 
membrane mrierts.it across the Cl tract as well as other 

membranes in die body. 

A drug can be given cither orally (by mouth) or by u 

pBKflrbefftl route when systemic effects are desired* Par- 
enteral admmisirarinn indicates that the 01 traci is 
bypassed and the drug is given by injection or iihala- 

lion (as in the ease of inhalant anesthetics), Topical 
application and inlramainjniijry and intruutemne infu¬ 


sions arc employed when local effects inv sought. A 
variable degree of drug aksUfptJflB takes place ftacvi 
these site'' of admini^tratkui. the extent of which 

depends largely m the formidalion of the preparation 

administered and also on line drug ilse-lf. 


Parenteral .VdniinistrntLnm The major rnuLes of par¬ 

enteral administration! are intravenous (IVk intramu*' 

eular (IMk and subcutaneous (SC). Ocher parenteral 
routes include tissue infiltration and inira-unlkular, 
subconjunctival. and epidural injections, which are 
used when localized action is sought. Fjrcnleral injec¬ 
tion riewvsi bites chat strict asepsis be maintained Lo 

avoid inkctkML 


IV Injectton. Injection of a drug solution directly into 
Hie bkHxJsin.-iun gives a more predictable concentration 
of the drug in plasma and produce inunediatt plasma 
coiseeiiiratuiftt which Can produce a pharmacotogic 
response. This is true because the cniire dose of the 

drug is administered directly into the interfile hlood- 

streum rather than being administered exlmvaseularty 
and requiring the drug, to be absorbed from the injec¬ 
tion site into the systemic circulation. Another advan¬ 
tage of the ultra vascular route is Lhat. by controlling the 
infusion rate, the veterinarian can llhii ml ilie rate of 


introduction of a drug into sy vtemk circulation, and 
hence the effects may he immediately titrated ii.e., 
Mtalflituring i drug to effect). IV injection should be 



except fin ; 



chKimi^mon, 


Induction of anesthesia by rapid Introduction into the 
bloodstream of a small duse of thiopental (thiobarbitu- 
raie) as an IV belli* is a special appHcatu.ni of IV drug 
administration, Rapid penetration of the bkod-bnin 


and blcod-CSF barriers hy this lipophilic thiubiubitu- 

rate allows an almost immediate onset of aiH'^ihesia. 
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The duratnm of anesthetic -effect is related mainly Li> 
redislribuli™ of I he drug from highly perfused CNS 
and viicenl organs to the l-trss itB perfused rnuMde 
and other iissues. In some instant, as in [nduchH of 
surgical anesthesia wish pemoharhilal in dogs 4U>d 
small ruminant ipeirifi, chc exaei dnw is run pnedeter- 
mined hut the amount of drug adlmimiislcred is dicier- 
mined toy the response of the animal- Certain irf muring 
ami hypertonic whUions can he given only by (he IV 
route. One must ensure ihai the nip of the needle vs in 
the lumen of the vein, so that lhe drug solution can he 
injected freely without causing either Lnlimal nr 
perivascular damage. Drugs in an oily vehicle cw drug 
suspensions should mu Ik given by the 3Y route. 

Continuous IV infusion is an effective technique for 
achieving and maintaining steady-state concentration 
id' a drug. A particular infusion rate is determined sim¬ 
ply by fixing the rate of flow and concentration of drug 
in the infusion solution. While the rale of infusion 
determines the steady-sEuL-e concentration achieved, 
lime taken to reach lhe steady staLe is determined solely 
by tht value of the overall elimination half-life of the 
drug (sm the section Mow un quuntitiiiing tlrog elimi¬ 
nation),. The more rapidly a drug is eliminated f i.e., the 
shorter the half-tife of the drug), the shorter the time 
required to Achieve a steady stale. To immediately 
establish the desired amcentratkivi, the classic proce¬ 
dure is to juInlimMcra loading duene as all IV balm and 
at the vsune tiilK staff infusing die drug at a constant 

Me. 

Although the TV route has many advantages, it is 

poienlially che rcnuii dangerous route of drug adminis¬ 
tration. Great cam musi he exercised in computing the 
total dose to he administered tthis applies to all pur- 
enberdl ruulev) and rate of injection. Furthermore, rapid 
IV injection will result in transiently high concentra¬ 
tions- in the hluodNlivaiii. 4und Ikikc other I issues, 
enhancing the likclihLMxj of acuie toxicides i among the 
must important of which are CNS loxicittc-sli 

I'.vtriisusailar VvimiuistriiLnivu Absi.wpcii.ifi of most 

drugs from IM and SC iiijevriuti sites is rapid when 
given ;ts aqueous mhlintu; the peak concentration in 

pkmnia is usually au?m&d within !M minutes. The rate 
of drug absorption is determined mainly by the vascu¬ 
larity of the itijcciion the. However, ndi-.-i Factors that 
affect the rale of drug absorption include the drug -eon 
eentraiion in parenierul solDtkH, the degree of ioniza¬ 
tion and lipid solubility of ihc nonk«iaod form. and 

area of the absorbing surface to which the drug is 
exposed. Difliueaat in drug absorption may exivl not 
only between IM and SC Infection sites but also 

between \arious IM locations. As an example^ absorp¬ 
tion of alrupane. scopolamine, and gJycopyrrulale WS 
more rapid wlvn administered IM to humans in the del¬ 
toid muscle compared with the gluteal region (Aii- 
Melkkila et al. HWfc, A drug may influence its own rate 
of absorption and uptake of anther drug admin-Mcn/d- 
simultuneuusly if aE alters the blood supply or capillary 
permeability at the injection Mlf, Addilion of epiih-ph- 


rinc, usually til give a final eonecnlralion of 1 : 100 , 000 , 
to so lull mi’s of Iccal anesthetics (procaine, lidoeuincj is 
a gtxxl example. By causing bed vnocaraftkXHBi («- 
■dmueptof aedwtioak ii delays ibmptioti of the 

local aae rg tb rt k and thereby prolong duration of anal¬ 
gesia* d ettw i ei che mount of anesthetic requited, and 
lessens the -danger of xystemk toudty. 

Tlse assumpciim that drugs are completely available 
systenkally Awn all parenteral products injected intra¬ 
muscularly is invalid, as shown for diazepam (Gamble 
cc aL 1973 X djfmJn (Giwnbtott et al. I 97 JL ud flor- 
fenieol (LotaH ei al. I^KW, Sotackct al. I 993 ) r Incom¬ 
plete availability may he attnhulcd 1 o Low solubility of 
a drug at the pH of ihc tissue or to a damaging effect 
caused by the preparation al ihc inject inn she. Certain 
parenteral preparations {dtaperidoMentanyl, ketamine) 
cause pain when injected mtnJWffCUlarly. which call 
only he attributed to their formulation, 

Suslamcd-releoic preparations, mostly of antimicro¬ 
bial agents, are designed to give long duration of ther¬ 
apeutically effective plasma drug concentrations, e.g., 
procaine penicillin G [buffered aqueous suspension or 
in oil cwtilahig aluminum noooitmilek inoxidllii 
trihydratc I aqueous suspensions in yreitacyd iiie base 

in 2-pyrrolidnfie, and tilmicosin phtisphaie. The pro¬ 
longed action provided by these preparations is due lo 
their limiLed rate of absorption, which nuiy he attrih- 
Uted to slow- disscdulion and/or absorption trf the drugs. 
Formulation of sust-aiTKxJ-relwise preparations must be 
such lliiLt their IM injectnm wdl nol cause significant 
lisstw damage with residual levels persisling at the sue 
of admini-sLration oi the time the fLKxFpnxIiLciiig am- 
mals go to slaughter tNouw-s ci al, I WOj> Tim icishil dis¬ 
advantages ore loss id' IlexibiLity m dosage, but Lhis is 
cd'tcn offset by the tremendous added convenience of 
these products for the practicing fcxxl-animal veterinar¬ 
ian -iuid by the nductioa in urinal stra auociatod 

with repeated capture and restraint. 

EixtremeLy slow absorption can be achieved by incor¬ 
porating oji insoluble drug into a compressed pellet or 
poftwa sukaMe for SC implantation. Seven! stenU 
bociHHKfl i JcMixyc^KrticosteiMne acetat e . Lrcn boloae 
a cet at e , testositrufh.*) art effectively atnlnitfaed in 

this manner.. This is the basis for hormonal implants 
placed in the car of fwsllot cattle to improve feed ciTi- 
cicncy and pnmiole weighi gain, 

l^TcutaiifiiUh Absorption. The ability of a drug, 
applied topically as a dermatologic pjcparaiion. to be 
absorbed thn.mgh the ski n depends on throe COUfifll- 
tWe events.. It must first dissolve and bv refelHd ftwn 
the vehicle, (hen penetrate tlh keratin layer Nracutit 

OQfDCUn.) and *rcW% of the epidermis and finally be 
raken up hy the capillary Mood supply. Since ahsorp- 
tion takes place hy piLssivc diffusion, lipid solubility is 
the most important physicochemical property of the 
drug. Copicentnuinn of u drug in ils forniijJilioft ks an 

^rtn-ioMs fi^tui influencing lls absorption.. In tcmix of 
the vehicle, drug ^b^rpiion is enhanedl from an oil in 
water emulsion base, e.g., aqueous cream, which con- 
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tains iIh; junk'inic mibn^livc agent sodium lauryl 
sulfate, Surfactants increase skin pcncLraUtin of waler- 

soluWe substances possibly by increasing the perme¬ 
ability of the skin to water. Dimethyl sulfoxide, a skin 
irriiani in humans, is a sorption promoter (hat passes 
rapidly through (he stratum comeum (Pome ei al 
1990i Sudacoff el id. 1:990) and has heen found to 
accelerate peneiratiuii through the skin of water, fluo- 
uinoknie acetamide, salicylic acid, and other sub¬ 
stances. The percutaneous absorption of corticosteroids 
is also increased by stwtalled oeduvive dressing (eg., 
polyethylene). Since the Stratum eomeum is. the harrier 
to skin penetration, presence of a d^epilfreli^lized sur- 
fnce permits absorption of ^utatances ituis arc poorly 
absorbed through intact skin. Toxic effects may some¬ 
times follow percutaneous absorption of lipid-soluble 
substances such ax pesticides in an organic solvent 

When a skin idtelkn is locaied in the deeper layers 
of the epidermis or in ihc derrnis B systemic therapy with 
an antibacterial or antifungal agent is often more effec¬ 
tive thflll topical application. Based cm culture and sen¬ 
sitivity alone amoxicillin is often (lie antibiotic consid¬ 
ered first for such infections, bul Lt is worth considering 
other agents with good tis^ue-pertelraLinp capacity 
(cIindamycin, erythromycin, Iincofliycin, trimeiho 
priiivSulladia/iiRLi for treatment of deep-seated or per¬ 
sistent dermaurvc^. Mycotic disease of the skin, hair, 
claws, and nails caused specifically by Mkmsporum. 
F.pkkrttujifhyhm, or Truhophsim species responds 
well to oral dosage with griseniulvin (using micmnizcd 
preparations), provided ihe drug is given for an ade¬ 
quate lime. 

Agents that are primanly used topically for Ihdr 
local action are discussed elsewhere in this text. 


PuGirtonury Absorption, Gaseous and volatile liquid 
anesthetic agents, given by inhalation, are rapidly 
absorbed into the systemic circuiUfm by diffusing 
sivmss ihe pulnhmary alveolar cpi I helium. Inhalant 
anesllielics are highly soluble in lipids hut differ widely 
in their blood solubility (b4ood/|as partition coctll- 

deru) and btood/brdn partitioning. These properties 
determine the rate of induction, ease with which level 

or depth of anesthesia can he changed, and speed of 
recovery. With agents of high blood solubility 

jhnloihane, meLhoxyfluranc) chcse processes, like the 
equilibration in body water, lake place slowly. The con¬ 
verge situation holds true lot an agent of very low 
blood solubility (nitrous oxide). Blood solubility of an 
i nhalant anesthetic also determines the extent to which 
the physiologic parameters of pulmonary ventilaciun 
ihigh-srdiiihiliry agents) and cardiac output (low-solu¬ 
bility igenta) influence rates of induction and recovery 
in elinicall anesthesia. Both physiologic parameters 

influence she induction of and ret oven/ from halothane 

r 

anesthesia, which ha-s an intermediate blood solubility. 

Drug Ad mi nisi rut ion by the Oral Route, Although 
some oral solucknh, either aqueous or elixirs, and sus¬ 
pensions arc available commercially, most oral dosage 


forms are sol ids and include (he tablet, bolus tor large 
animals, pellet, capsule, and a variety of specialized 
susLained-releasc products for ruminants. 

Before entering Lhc systemic circulation, a drug 
administered ax a solid dosage form iiiusl undergo 
three events: release from the dosage form, diffusion 


and/or transport across tile 01 mucowl barrier into the 
portal circulation, and passage through ihe liver (Fig. 
5.3). Each of these events hits the potential to decrease 
lhc amount of drug reaching the systemic circulation 
intact (unchanged i; the net effect is reflected m Che 
bioavai lability profile. 

Dissolution is the rate-limiting step thuc determines 
release of drug from a solid dosage form, and it fre¬ 
quently cunlrob the nice of drug absorption. The disso¬ 
lution process can he enhanced by administering the 
drug in salt form (pbenytoin sodium,. pfOpfllHlol 
hydmehloridc) or by decreasing the particle si/e. often- 
Limes using a technique culled rmvroni/aliori (grjseo- 
fulvin. spiomuluelsinei, Following its, dissolution, the 
drug in solution muM be stable in the environment 
within the stomach Ireiicukninffi) and. small intestine 
and must he sufficiently lipid-soluble to diffuse 
through the mucosal barrier to enter Ihe hepatic portal 
venous bkk HJ. A drug that is stable {neither chemically 
nor enzymatically inactivated) in G! fluids teich a suf- 
ficienl degree of both water solubility and lipid-solu¬ 
bility, would be expected 10 be well absorbed. Peni¬ 
cillin V potassium. which is the potassium salt of the 

phnoxy methyl analog of penicillin n. is more liable in 

an acidic medium than the latter.; therefore, a greater 
fraction of die dose should he available for absorption. 
In small animals, simoxidllin has far greater systemic 
availability (60-70%) than ampicillin (2CM0%). To 
lucres the systemic availability of ampidllin. the pm- 
drug hetacillin (which is rapidly hydrolyzed to umpi- 
cilliin in (he MoodaUeam) was developed. Cephalexin is 
an acid-stahle cephalosporin lhat, in contrast to ceta- 
zolin and cephalothin (parenteral! cephalosporins}* is 
well absorbed imm the Gl tract. This antibiotic is avail- 
able a& the miondhydTaiv in several ora] dosage fornix-, 

F.ryrhmniyein, administered as the acid-resistant cstah 
laic ester, is well absorbed from the small intestine. 
Oral preparations of all the tetracyclines are available, 
mostly u chc hydrochloride sails. These antibiolics are 
adequately although incompletely absorbed and, 
because of their tendency Id cause Gl di sLuibtfitras h 
should not he given lo a fasting animal. Milk ur milk 

products and iioiacids, however, impair absorption of 
tetracycline*. This inicrfietkm may Ik attributed to 

cite Uni on or an increase in gastric pH. Systemic suLftm- 


amides (sLilf;i.iikri h;L/iiLe; sulf&diiaziine sulfumetl ioxa/ole 

and sujfadoxsnc, which arc combined with Lnimelho- 
prim) are well absisrbed. whereas Ihe entenc sulfon¬ 
amide succinyKullatbiazole is pMdy absorbed. The 
aminoglycos-itk anlibiinics (neomycin. sirepLomycin. 
kanainycin, genlurmcin), because of 1 lieir low solubil¬ 
ity in lipid, are poorly- absorbed from llte GJ Iracb As a 

coFiM'qiieriet*. Adminisnration of these jxilar antibiotic* 

by the oral mute should not even he considered in 
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To 
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FIG. 3.3 — A drug. given as aaeUdl eimuun rfvcml burners and sices of loss in its sequential movement during gu*Lfoui- 
ittiifia! abMrpdon. DiflioJutkiii, a prerequisite ia movefix-m across clw gui. wall. is the first step. Jncontpkcf ditsohuiofi or 
lEiL'tahuliufl in ibe gut luniL'ii tv hy trru.y riles in tike gul wall is a cauur of |*H.ir binsn uiiuhili.lv. KciiiuYal «f drug un il lirst 
pauses ihmujzh Ihc liver further reduces h#<mvniL*fcnIii)\ 


treat roe nE of systemic and uritti) irjtl infections. They 
ore completely available sysreinicalty fttmn paremenil 
preparations injected inmunumilariy of subcuta¬ 
neously. 

Because of (he extensive surface area and rich blood 

supply of its mucosal surface,, (he s-mall interline is the 
principal site of absorption for all drugs given orally,, 
regardless of whether ihey are weak adds, weak bases, 
or neutral compounds. The rale of gastric emptying us- 
there fore an impiftmt deimriirumi of drug alnofpvion. 
Gastric emptying depends un various physiologic fac- 
Tors such us autonomic aad hnr’iinuuJ activity as well as. 
the volume and composition of gastric contents. A 
change in gastric emptying or intestinal motility is of 
most importance with poorly soluble drugs andentenc- 
cnated or slow-release formulations. 

An effective pH of 5.3 in die microenvironjnenL at 
die inucosui surface of l he intestinal epithelial barrier, 
rather than the pH of intestinal contents (pH 6.6), is 

coEiiitefic with olmivfltLDiift an the ah^ption of 
organic dectroiyto, It has been shown that in the nor¬ 
mal intestine, weak acids with pK values above 3 and 
bases with pK B less than 7.8 are very well absorbed 


fHugben et al. 1959). Changes in the inleslmaJ Wood 
flow will alter the rale of absorption of lipid-voluble 
drugs. iTher and Winne 197]; Rowland at al. 1973). 
Absorption of quaternary ammonium com pounds such 
as Ihe anti muscarinic agents propantheline and meth- 
seopolamine is slow and incomplete^ which may 
explain their relatively selective anti spasmodic effect. 
Absorption of Loperamide is also minimal relegating 
its opiate receptor actions, to its local effects on intes¬ 
tinal motility. 

Recent observations of relatively low oral absorption 
for compounds with phyiKOcheniical properties lend¬ 
ing themselves to absorption across biological mem¬ 
branes fe.g., cyclosporine I have led to the discovery of 
a tandem system of a reverse transport system and 
metabolizing enzymes in. the intestinal mucosa LhaL sig¬ 
nificantly reduce oral absorption! of such compounds. 
The substrate specificity for the p-glyeoprotei n pump 
(also known u the multiple drug resistance protein), 
oriented to pump drugs from the mucosa into the intes¬ 
tinal lumen, and that for the cytochrome P-450 isoen¬ 
zyme found in the intestinal mucosa work m unison to 
significantly impair tbwfptkpQ of serveraJ therapeutic 
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compounds (Zhang cl ul. lW8) t The significance of 
this, system is only now being elucidated. 

■ 

Comparative Aspects of Drug Absorption. The pH i 
gradients between plasma and CJJ fluids- of vorwu*. ! 
species play un important rule in deLermin ing the tx Lent 

of jLhsLwpiaLPij of orally given drug products and tbe ! ' 

degree -of distribution or excretion into the Gl iraci of j. 
parcntcrall y administered drugs that arc weak organic j 
efccelrolylcs. These gradients differ in different domes- j' 
Healed spades and arc largely dependent on dietary 
habits., I 

Domestic animals; may he Lhvulcd on ilie basis of , 
diclary hahit inlo heibivtwntLs 4horse g cow, sheep, gnu, ! 
chicken, turkey), omnivorous (pigl g and carnivorous ! 
{dog. cat) species. The physiology of digestion and ; 
drug absorption is, in general, similar in lhe pig,, dog, ; 

and cat and not unlike ihni in hunuo. The rale of gas- ! 
irie emptying is probably rhe most important physio- : 

logic factor controlling dnig absorption raLc, since die ; 
smull inlestine is ihe principal sue of absorption. Fre- . 
case information on the physiologic fact on that control : 
absorption of drugs, in horses is Lucking The boot ts a 
continuous feeder and its- stomach, which has a rela- , 
lively small capacity, is seldom empry. The mean pH of 
gua-lrie cunienls i.v usually higher in the horse (pH 53) j 
than in ihe dog and pig |uxual pH range ]s 34). How- j 
ever, unlike most -species, neither (Ik dug nor ihe cul ; 

ate basal aeid Kcttfon; nttwr c dieir gufrtc pH varies 
from I to 6 based on the tcmpoci] relitlioiiship hi feed- I 
ing stimuli j Gupta and Robinson i9J$Hf For this rea- | 
son, dissolution of some type* of formulations O.e., j 
those dependent upon an acidic environment for disso- : 
lution) may be drastically differem in i'aMc-d dugs and , 

cats compared with Hk» Bflminitfffgd tbe drug port- : 
prandially, AbfOfptKHQ of HHVK drugs (C-g., pteoylbutt- | 

7one| administered unify to horses after feeding takes 

place mainly in Ihe Lurgc nUuMin^. The nl>en^hpul 

digestion cf pnlyucdtaridH, which l-nkc* place in ihe 

colon, is an essential digeslivc process in the hL»r*C. 
Disturbance of the microorganisms indigenous to ihi* 
region of ihe digestive tract. resulLing from either dis¬ 
ease ur antimicrobial therapy, can have serious conse- 
q w fl eft . 

The principal fealiue of digestive physiology in Ihe 
nimimult animal is lhal uiCMhill lermentaLion Lukes 
place continuously in the reliculorumcn. The fctKSttHl- 
ach contents vary from Hujd to semisolid consi.%lency, 
amt the pH neaetkm is nomudly maintained within a 
relatively narrow range (pll 5.5—6.5) in spile of ihe 
high concentrations of volatile fatty odd produced. 
This is accomplished by buffers ncnled in dctUae 
saliva, (pH K.I1-H.4I and, it appears, directly by Ihe 
forcstomaeh epithelium. Despite the sttatifusd • 
mous nature of its epilheliai lining, the rumen has been 
shown to have considerable absorptive capsurity 
(Pllillipsort suld Me Anally 1942:; Masson and Phi II ip- 
sou 1951). After comminution by bodi microbial diges¬ 
tion and iccbcw ing. ihe liquid portion erf reiiculorumt- 
nal contents,, in which small particles of feed arc 


suspended, is pumped by the onUMUD Mo the aboma¬ 
sum. Based on average values of salivary flow and vol ¬ 
ume of lhe rumen liquid pool i60 L in cattle. 4.5 L in 
sheep), chc turnover rate for rcticuLnrumsnal dlusd ih 
esLi mated to be 2.(tfday for caiilc and Ll-l.li'day for 
sheep {Hungwle Lyfrffk KcacLiun of abomasa] contents 
dm IKK vary much and- is usually about pH 3 4 Masson 

BdPtHllipsDO 1952). 

Due to ihe large volanfl of fumjiud fluid. a d:tug carl 

attain only a relatively lew anHOtmtiofl in this agan 

whether it is given in solutbonor as a Mplid dosage form. 
This diluting; effect may deter rale bul ran necessarily 
extent erf absorption. The nonmnized, lipid-iolublc 
form nf weak organic aclda in pacliculor should nor¬ 
mally he well ahs4irbcsl from the tlinteife. liHligeimus 
microflora may inactivate certain dmgs hy metabolic 
transformauLios of a hydrolytic or reductive naiure. 
Chronic oral dosage with on antimicrubiul: agent can 

suppfevb mknflon ucLiv iLy and thereby disturb carbo- 
hydraie digestion, which if an CttatiMl InncEion of thr 
loneslomuch. E.ipid-solublc. parenteral I y administered 
organic bases diffuse from the systemic circulation into 
ruminal fluid, m which they may become trapped by 


KHUHtwiL cfcpCfKling on iIh-It pK a values. At pH ceac- 
tiuiLs below ihe pK a , acids cxiM mainly in Lhe noniou- 
i/.ed lurm. whencos bases are prcdnmiiuuiLly 
The ciHicenlrolion of a weak organic electrolyte in 
ruminal fluid is influenced by the dose administered, 
route of administration. Lipid solubility and pK of the 
drug, relative rules of uptake from and passage into the 
ruminal fluid (boib of which take place by nofitook 
diffusion), lute- of ulWary (low ffer tsrganic acids), 
extent of drug biodiag to pbtoia pnttiDL and effi¬ 
ciency of dimunlHia ibioLransfiTTniation and excie- 
tkn) processes. 


Quijatitafing Lkrui* Ab^irption. Jlic prtKesses of 
ufr^irplKm. dislrihulion. nKtubiiLism, and exeietinn are 
often quuuitilaLed WLruhp«lively so that djchage regimens 
thm largeL ihenipeutic concentmloons cun be prcHpec- 
ti^eiy preiiieieil QumiLiiui iLHh i dnig ahwirpiuBn includes 
both a rate cnmponcnl ^nd an ateol OOmpomL 
Due of Ihe fundmutol approaches is to quantita¬ 
tively describe Lhe plasma drug HHKCDtntkns 

observed over lime after one or bwr admiiiistentd 

dtiAes of a formulatiim. Muil^miLiical or em pi rural 
curves c-an be fitted to the pL-asmn concemralions over 
cinie, Frtirfl tlw*e graphical represenlations ol drug dis- 
poAition over time, several useful paran^lcr- can be 
CidLuJatL-d. One of lhe Itiui lundamenlal purumetcrh ii 
Lhe area under the plasma GOflCatntiOfl WHH lime 
curve (AUCk which is proportional lo the tystefflic 
exposure lu a drug. Graphically, plicsmu coficentration 
is plotted on the Y-axii, tuid Lime ss. pkrtlcd on lhe X- 
«Xis (Fig. 3.4). The AUC may be calculated by the 
Impecoidal rule, with extiapolalion to infinite lime 
iBa^pnt 1977). By IbelC, lhe ADC has lillle re-levuncc. 
Hcfwcva, the ADC can he used in the culculalion of 
several more pbymlogkally mutlngflll phamuicoki- 
neLic lerms. 
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Tim# After Drug Administatten (hours) 


FKj. 14-Tk area uwto (lx- c^wK c-nirMHui-iiimc nm (AUQlicAulcd hy ihc mm off all ihc tnpmid* md UiHigkfl 
5xiisr*;tol by the curve pmi 1§ ntjriheinalit'ally calculated ua Ihc in&ejrnii of the curve, 


A related lerm necessary For fujihcr calculations is 
itic area, under Ihc- first tfalgllkal moment curve 
(AUMC). This is defined ns Che area under the 
(plasma drag cone-enlraLitsn - lime) versus time 
curve. The Y-asiis in Am case is the product of the 
observed plasma concern nation and the time after 
dosing that ihe plasma concentration was observed, 
whereas the X-ax.is is dimply time alter drug admin¬ 
istration (Pig, 3.5), 

RAit of A mam ton. An aiinme ■-►f abrafpekM me 

of a drug from a particular dosage form is given by die 
lime at which the peak is reached nn Ihc plasma eon- 
ccniralion versus time curve. Remcmhcr, however. Ihul 
absorption continues after peak amcenlratinn has been 
reached. AlEemalively, rale of absorption can be char¬ 
acterized by ihe half-lift 1 of atnotptioiL, which is ihe 
lime it takes lor hall" of the drug waiting to be flbfloched 
reachet ihe qrstHDk circulation. 

Extent f>F ABSORPTION, BLoavai lability is defined 
as ihe esieni to which a drug administered as a par- 
lit ulur .!■ ; j..- form enten ihe systemic circulation 

intact This pharmiic^ikinetic parameter is hul the first 
of many factors determining the relationship between 
drag dense and intinuky off KtkH. The u^ual todl- 


aumc 



rM AAV AdtYatdMUki JfiLSU^I 


FIG. 3 . 5 —The area uwto the nmot am is the inAcjnd 
t>f die carve plotting the product or cnccnlnlHHi and Limr 
by ihc Lime ihc comoHHO nifihcmd 


nique lor estimating Ihe systemic availability (F) or 
extent of absorption of ihe drag employs the method 
of eomcspaiiding areas, which emails comparison of 
the Lola! Al'C" obtained after udinini steal Uni via llw 
oral or other noDvuailtf route with the AUC 
observed after IV administration of iiiittl d(HU of 
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I AKI.K 3.2—Systemic availability of some drugs given orally |4» dogs 

Dm g SydOTic 


(dusdiiv form) 

Dow 

availability 

Ci-tfETEhuLmg iixncmM 

Reference 


tmg&g) 

f*J 



DigcuLiL (tabieo 

1 mg fLocal) 

m 

Diaspoludcin 

DtaRIdketal. I'JTSi 

EYnpnooM (lahlri) 

81) mg itotal t 

2-7 

Hepatic melaJMism 

Kates etaL 1^79 

LKtocarine (nJulten) 

in 

15- 

Ikpnlif mrfabntism 

Gugkr L-t a!, 1975 

Saln'ylainide (soktLan) 

30 

22 

Meiakili'.m liruestinal wall 
and Lliir tii-er l 

UuglL-r Cl al. 1975 

Levodopa (-v ilid in gelatin capsule*) 

25 

44 

Meiabolism igBsliuimescinal 
Iuiiilm und/tV InittduaJ wadi) 

Culler cl al. 11976 

SulfndinrH!i:h«M:inc CragpsDBioD) 

55 

50 

(PiHsdiUiwi jifkI hepfllic 
fiwcabohsinl) 

iaggm et ill. 1976: 

Saills ouid 




the drug (in appropriate dosage formsJ lu the same 
titi reals; 

F * AUC„/AUC IV (3.8) 

By definition, IV iq^ikn of a drug sutetance repre- 
SMl£ ciHiiplek systemic availability, If art I V prepare- 
lisan of the drug is not available, a reference ftemulattofi 
and mute of administration (usually a well-establishe'd 
aqueous solution or elixir) may be used for compart- 

snn, in which case the relative hioavailability rather 
than absolute binaviiilabilily is measured. 

When the systemic aviiUi% af a drug, is incom¬ 
plete, the ratio of the areas d£q. 3.H) H equal doses is 
less than 1.0 (or I0M ). Ilus situation could arise for u. 
variety of reasons that may be physkodtanical and/or 
physiologic in naiure. They include poor dissolution of 
the drug product (solid fuevn) in Cl fluids, insta¬ 

bility or inactivation of the drug sflLb&tnce in luminal 

contents, poor passage through the mucosal (epithelial) 

barrier, and metabolism in either the intestinal mucosa 
or liver preceding entry 1 of rhe drug into the aysbemk 
eirculaiion (fint-|iH effect). Incomplete systemic 
availability of a drug due to firet-pass effect could be 

misinterpreted as defective absorption, The systemic 
availability of some drugs from oral preparation:* 
administered to dogs as shown in fable 3.2. 

High clearance by the liver is il characteristic of 
drugs that show a significant first-pass effect (lidc- 
taine, propranolol, diazepam), Phenytoin has a short 
half-life and is poorly available sysiemk-ally in dogs 
(uSanders and Yesry 197S), Wide variation in the 
hioavailability profile occurs among individual dog* 
given a single dose (30 mg/kg) of phenytuin in cap¬ 
sules. Tame taken to reach the peak serum phenytom 
concentration varies from 2 Co 12 hours, and the peak 
concent ration ranges from 2.6b to 7.9ti g/mL. 
Appearance in the serum of a metabolite in lurge 
amounts indicates that the liver may be largely 

responsible for reducing systemic availability of 
phenytoin. 

Species Variaitons In BloovalbtUllty. Considerable j 
variations in hioa vail ability of drugs from oral dosage 
forms are likely to exist, particularly between mono- ; 


gas trie and njininant species. When chloramphenicol is 
given oniily (capsulesj at the same dote (22 mg/kgJ to 
ponies, goats, pip, dogs, and cats, areas under the 
plasma concenLrdCii.ni-ciine curves vary widely (Fig. 

3,6). Bused on the relative areas, the extent of chloram¬ 
phenicol absorption is greuLcsl in cats Lind! decreases in 

the follow ing order cals, dog* and swine (approxi¬ 
mately similar areas), ponies, goate. In goals, the 
antibiotic is rapidly inactivated by reduction of the aro¬ 
matic nitro group to an arylanuite by rumen auffirikn 
{Thcodorjlkti ci nl. De Crete-Bacccn and 

Dchackerc l97K)j consequently., chloramphenicol is 
ntrt even mihbh lor absorption. 

Interspecks vanalion became evident in a compara¬ 
tive Mudy of salicylate ipK j 3.0) absorption in which 
sodium salicylate contained in gelatin capsules was 
administered orally at three dose levels (18.5,50 B and 
133 Eg/kg) to dogs, swine, punks, and goals (Davis 
and Westfall I972J. InspectKm of the plasma salicylate 

cmninlion-linrK curves (Fig. 3,7) shows dial a con¬ 
siderably larger amount of saJicyLate is ivaiUbk sy&- 
femkally in dogs and swine than in ponies and goals. 

Critical comparison of dosage regimen* fen aspirin 
IpK 3.5) isiitosl informative: (Table 3.3), Although the 

dose i Ml mg/kg i that wilt produce analgesia is ihe same 
for dogs andc-als. the interval between success ive doses 
to maintain analgesia is much longer for eais (Davis 
1979). This can he attributed mainly bo the s|qw rate of 
hepatic biutranslonnation of salicylate in the cat, since 

thift species tm a relative deficiency in nukrosornsJ 
glucumnyl transferal activity. A direct cemrequeihoe of 
the difference in raLe of ^alievlare metabolism is that 
ihe half-life (?..,) of the drug is lour to five times longer 
in cats than in dog*. To maintain an effective plasma 

concentration of salicylate in cows, the dose f 100 
mg/kg 1 is far higher than in mom^asirLe specie* and 
might be mirihuicd to the diluting effect of ruminal 
fluid. The dosage interval, 12 hours, is based on the rate 
of salicylate absorption (r jflj [abserption half-life] = 
23 hours) rather than on the elimination half-life (t yn . = 

0.54 hour) of the drug. 


Hinequhaknce, BinquivAtance assessment relies on 
the concept chat pharmaceutically equivalent drug 
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RG. 3M —Tils.: liilK- COOK of eMorunphaakul 4_- Li I I a li l ■ I kn in plasma of dmulK uikinlaLs ufluc nrut MWnhlHlfaflrf 

tdrioilfllfftftnlCfll 22 mgftgl in rtyikl The drug HI undeUNLUiblL" lIL pi Juila <rf g4sals. h-auti |fcnilfl r l: p IT Sc - n Ls Uu.- Ell can drug 
eunocinrjiiDn drtfifmiMd in 4 euis or tfc«gs and i swine. poauikju, and {Dufi b t*t id. IW3). 



200[ 


200 - 

150 

100 


Dogs 




GdOls 



2 4 t a 10 12 

TI ME. hours 


FlCi. 3.7—Spcns dtf&xcwca in rfmrpCkv of vnKliiim *jili- 
cylaK -afc-cr or-uL jpdvniruMniiHfi of the dmg ctHicuined m gcla- 

1 m capsules. FTirL'L" dutu levels 118 . 5 , SO. and 139 nipA^ t 
wen: MuJil'U. IJaCa ptitills npRSHt mcail*- trur'il at Inil 4 

-amniah (Dnii and WntfUl 19721. 


prxrfuets which provide oseotuDjr equivalent plas-inu 
cao«iitnt»fi profiles, in icrm* of Me and sisal of 
absorption, will produce (be same phanuKologlc 

response UherapcuLie elTceip. Two drag product* arc 

considered to be bkK^quiviilent when the rdtes and 

extents u-1 ahMifp[H.HL id ilh: active ingredient in the iwi> 

products arc statistically equivalent lo each other 

according to predetermined crittm Linden controlkd 
lent ftndirioiiL Itic intended anaJym should dictate 
She design of a husquivalcnce study, since design con¬ 
strains the 4uiiLlysis that can he performed. Comparison 

of the test product (often generic J with u nefbwe 

product i often pioneer h is based on an cslimatc of rela¬ 
tive biwivaiUibiliLy together with a measure of the 
DDceftaiaty (wlTr) rf Lhe evdmut*. Cuin jmltuiik- 
Icrv obtained from phumii eiHiecntruLion-time turves 
provide the best estimate of relative W<Mivailabi3ily. 

These puincCen include AUG, otervd peak pUna 

catKCttintiofi (C _}, iuid time of Lhe observed pealt 

i BlpBE" ■ 

(*_), Tlie AUC. often estimated by the trapezoidal 
rule. mHMVH OJtHt of flbHcptiotl. The C ?uid f 

■ »iai W 

provide an indie-mi on of ihv nue of ^hMirpciiUL. When 
designing biocquivalencc studies, Miwid-sampling 
times should be se Lee led to chufuctcrijjc C and I 

ini- ni a 

well, and sample collection should extend tor a period 
ih-ul will enable complete description of Lhe plasma 

«n»MitkM profile (from time of drug odbniilttiitkM 

io limit of quantification of the drug). The latter 

should capture 90% of lhe total AUC 
extrapolated to infinite lime. 

ev;ihi4iiimi 4if hiocqiEiiVvileiwe siudies 

should be biL^cd on eonfidenee interval esiiaukMHi 

rather ituui bypottnif celling t Westlake l9Rft) s The 

canfkkDce interval approach, using I - 2« or 90%, is 

applied to lhe difference of individual parameters 
( AUC. € , and t \ lhe enlLre 90% confidence mler- 

rdLaL _ ' rLiL 

Vil shield lie within the limits of -0.2 Co +0.2 multi¬ 
plied by the jneni of tluit puiuetef for Lhe tsfemcc 
product. TIh- values oT-D.2ud +4X2 » historical Em- 

iis which may be constrained or expanded based on the 
characteristics of the drug (Le„ lhe safely margin or 
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TABLE 3J—!Dosage regimens for ns.pirin in riifTcreiit a pedes 

Species 

Dose 

IXisijgy 

interval 

Swady-Haic plasma 
salicylate conccniTaiinn 

Reference 


fma/kg) 

(hr) 

\pii^nLt 


[>>jc 

Id 

12 

— 

Davis 1979 

j ml 

10 

4S 

— 

Davis 1979 

Cow 

im 

L2 

40-60 

Giogcrich d ol. 1975 


TABLE 5-4—Body composition of various 

specks 1 % thrtrdpjit) 



Organ I’ll SMIL* 

Hone 


Gmil 

Gx 

lluinuin 

Blood 

ftA 


4.7 

7ft 


brain 

0-2-1 

051 

0,29 

0.06 

2.0 

Heat 

0.66 

M3 

0.4B 

037 

047 

Lung 

0 89 

(KM 

0.(Sft£ 

0.71 

1.4 

Liver 

IJ0 

2J2 

.95 

1.22 

Jfi 

SpAfien 

l.l 1 

026 

0.25 

a is 

0.36 

Kidney 

ou» 

0.61 

0.J5 

0.24 

0,44 

( it Uiu:L 

S-B 

M 

6.4 

J.K 

1.7 

Gl coni cues 

125 

(L72 

119 

IB.4 

1.4 

Skin 

7.45 

93 

9.2 

8.3 

3.7 

Musele 

40.1 

54.5 

45.5 

ms 

40.0 

Bone 

14.6 

ft_7 

fid 

12.7 

14,0 

Terutcin 

fi.7L 

— 

■ -- 

— 

2,0 

Adipose 

51 

— 

— 

1B.9 

lid 

«■ mm 

Tutil Wtngiil, kg 

JOS 

16 

39 

«n 

1 □ 

Reference 

Webb a nd We a.vc r 

1979 

Neff 3Javis 

ti-A 167? 

Manhews 
ct*l. 1975 

Em Ctunm. Rjkljnl 
fail. I6?3 


LherafWMk- window for (he cnqKUKl). Ratios of the 
parameters am ulsu'be u*ud intend of dilf^enws, with 
Mil- wiTCNpLiiDdjng Li mils hong CL 8 tin- 1.25. 


DISTRIBUTION OF DRUGS. Drags are conveyed 

MiroiLigliDul: the body in ihc circulating blood and reach 
tissues M'each nrguTi in an umuunt determined by bUn*! 
Bow and blood, conceriLnui™ to like qrgan, Concentra- 
tions attained an lhe [issuer depend upon die ability of 
the drug to penetrate opilJury endutheliuili (influenced 
mainly by binding lo plasma proteins) and diffuse 




ucfthss L'j 11 iiiJLinbrjnch . 


The pattern of distribution describes Lhe relative 
amount or concentration ol drug Lhat enters each organ 

and tissue. This can be found only by measuring drug 
concentrations in each part of the body {including the Gl 
cufdents) at an apf^opriate time filter its adminisitaJJOfi. 
Differences in body composition (Table 3.4 k notably in 


the contribution ol lhe Gl trad with its curl tents and Ilk 1 


stele Lai muscle to die percentage of txxly weight, may 
largely aeccaurtt for sjuries variaticrfis in drug LU^ri bu¬ 
tton. In general, the kindics qf drug distribution in 
blood. organs, ami tissues depend on dnsc and route of 
admiinslrulion. lipid solubility of the drug, ex. tent of 
binding to plasma proteins and eslfavascular tissue con- 

and Mood flow niLes through organs and tis¬ 


sues. Certain dnig> such as thiopental iindtelgo redi^ti ih- 
ution into poorly perfused umm (e.g., fat and muscle) 

after initially attaining high cqnqenliBikHriA in well- 


perfused tissues, such as brain, Ijvgt. and kidney. lire 
triphasic di slnhutLon pattern of this drug can he attrib¬ 
uted Lo differences in blood supply to s^urioas d$$ues. 

An outline of the distribution pattern ofa drug can be 
obtained by use of whole-body iiutorudiflgTaphy- 

UflCYWi dIsteiburfion of a drug within an organ such as 

the kidney {WheltH et il. 1971) can affect the HKCM 
of therapy. Since critical areas few bacterial infection in 

the kidney are medullary and papillary tissues, knowl¬ 
edge of the intrtirenaL distribution partem of antibiotics 

wi iu Id greatly assist with selection of a u .imibacceri.i] 

agent for treatment of pyclnncphritis. 


Plaaaiu Prottin Bi Ddlng, B inding of a drug to plasma, 
proteins restricts its dUribtrtion, thereby limUing. its 

receptor availability, imd can influence elimination of 
lhe drug From ilic body. Protein binding is a reversible 
interaction, w hich implies that the drug-protein com¬ 
plex serves as a circulating memoir of potentially 
active drug. As m example, the principal active 
metabolite of ceftiohir, dcsfuroylceftiofur, is exten¬ 
sively protean bound. which serves do increase Lhe hiilf- 
liFc from the typical 1 hour observed with mens! 
cephalosporins to approximately 10 hours m cattle 
(Hmn et al 1991). Microbiological activity alter cel- 
Linfur has <\ similar prolonged half-life (Clarke et aL 

1996). Among factors that can aflect equilibrium 

between the free and hound drug are the protein con¬ 
centration, drug affinity for lhe binding sites, presence 
of disease stales that alter concentration ol certain 
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TABLE ,V5—Plj.-uiia pnrtein hlndinK «r drag? in 

dogs nl therap^uEir ronrentnilJiins 

Drug 

Conc'cntration 

Extent of binding 



(*) 

S*lf«iimeliioxmc 

m 

SI 

SaWamBifTntoi 

100 

m 

SuPbhliazine 

100 

n 

til Ik sra 111 p he n i a jI 

20 

39 

Thiopental 

10 

75 

Murphlw 

1 

12 

PropraihilloJ 

0.15-0. La 

07 

CTksrprsimH/ine 

0.1 

94 

Amphetamine 

0.1 

27 

Ihpmun 

0.05 

89 

bijjLixin 

O.01 * 

27 


*Thia i.>.tilliiLi jjtKtfi ■exceeds therapeutic range fur dmuim 
(cf. Trite ym. 


endogenous compounds (free tally acids) in the 
plasma, and presence of other drug s or their metabo¬ 
lites, The plasma pmtdn to which Ihe iTimjoriiy of drugs 
hind is albumin. Each drag hinds to a characteristic 
extent, usually expressed its a percentage of the imul 
CHKniralton of the dreg in plasma (Table 3,5). Bind¬ 
ing of different drugs in ihc same chemical class (sul¬ 
fonamide*, penicillins) can vary widely, The influence 

that an alteration of molecular structure can have on ihe 
percent of dreg binding is clearly shown by comparing 
the binding of di p toxin (®9%) and dipnrin (2T%) in 
dogs, since these complex. molecules differ only in Ihc 
presence of a hydroxyl group. 

The binding capacity of pluma protein* for a drug 
imoles/g protein) and the dissociation constant of the 
drug-protein complex i mcdes/L) qunntiCBli vely 

describe the interaction, Values of these parameters 
characterizing die binding of Mime drugs in horse 
plasma arc given in Table 3.6. 

The extent of protein binding can be measured by in 
vitro techniques (equilibrium dialysis, uliiafihniiioii), 
which can he compared with the value obtained by 
mea.suri.ng equilibrium ironeemralions of the drug in 
plasma and iranscellular fluid coifected simuLtane- 
■ously. Only the lipid-soluble, non ionized moiety of an 
nrgank electrolyte dial is- free (unbound) in the plasma 
curl penetrate cell membranes, diffuse into irunscd Infer 
fluids (cerebrospinal, synovia],. ocular), and enter 
the milk. A< equilibrium the wnrcnirattofi of drug in 
tramccllular fluid will approximate free drag concen¬ 


tration in plasma, winch may he sjnly u fravhun of Mai 
eoneenciaiion in plasma. This relaiionship hj.% heen 
shown in \ ivo for penetration of amphetamine f Baggot 

cl ml. 1972) and diazepam l Radio et aL 1973| into CSF 
and passage of cltixacillin and ampicillm i Howell et aJ. 
1972) inio synovia] fluid. The same principle cun be 
applied to the passage of weakly acidic (pK. >9) and 
basic |pK j <5) drugs its well as neutral molecules 
fch lory rnphcnicul. digoxin) into milk iii*d saliva, Fur 
most organic electrolytes die degree of ionization in 
milk (pH 6,5-6.8) and saliva (pli varies with species) 
will influence the final coiicciilralmri allaiidsd 


Extensive (>809!) protein binding of a drug restricts 
its exiravaseular distribution. and may either hinder or 
Facilitate elimination, depending on ihe mechanism of 
the process. In terms of renal handling of drugs, protein 

binding decreases availability of a drug for glomerular 

filtration (a passive process) but docs not interfere with 
carrier-mediated tubular excretion. Certain disease 
conditions, such as hypoalbuminemia (ncphmlic syn¬ 
drome) or [he uremic slate (chronic renal failure), and 
competition bflwgi i drugs for alhuniin-hinclinp sites 
(drug displacement effect, e r g. K warfarin by phenylbu¬ 
tazone) can cause an increase in the percentage of free 

drug in plasma. Consequently, more is available for 
distribution to the site of action (as well as other its* 
sues) and an enhanced pharmacologic response can 
result. Decrease Ln protein binding is Likely to assume 
clinical importance only for dregs that arc extensively 
bound (Table 3.7), Protein binding can be seen in per¬ 
spective by considering the fraction in plasma com¬ 
pared with overall distribution of Ihe drug in the hody, 
Conversely, conditions that increase the amount of 

protein in Ih? cxLnieellular IIiiilI lit dial alEnw nw.:ieased 

plasma protein leakage odravascularly (e^g. f infection) 
cm enhance Mai dreg corKentratfem locally in the 
protein-rich fluid. Clarke et al. 1 1996) showed this for 

eeflinfur in infected tissue chambefs, 


Even though variation among species in protein 

binding of a number of dregs is statistically significant, 
classification of dreg binding, as extensive OMKr), 
Jiwdcratc (50—80%), and low (<50% i generally negates 
interspccies variuiion; however, ihi* is adequate for 
clinical purp<K>es. Spcd.cs varialiod in binding dues not 

relate to total protein eoncemration in plasma (apart 
from avian species versus mammals) due to the excess 

amount of protein molecules to which drug m-nfeevles 
can bind, hm may he attributed at least tentatively to 


TABLE M-farameltrs describing quantitative aspect of dmg-pmleln binding In horse plasma 


Drug 

binding rapacity 

Pisscicigrtswi coiKtent 

ReFerawe 


{mat *niJ 

(motor) 


Penici llin G 

39.0 k B0 

2.13 k 10 

Dlbr 1976 

Ampicillm 

46,5 K 10 ^ 

22 70 3^ 10 J 

PUtt 1976 

i J syte LrjLVL' 1 1 siu 

3.9 xIO ■* 

2.25x IQ 4 

Finland 1973a 

C 'hl<»ramphciiini| 

9.12 Kid 

5.07 x 10 -* 

ihlluud 1973b 

Sulfamesh.i/iiw 

12.99 X 10 

4.29X 10 4 

Tschudi 1972 

Sulladimplhinxiiie 

9.77 X It) 4 

3 M x 1 Cl ■* 

Tkdiudi 1972 
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TAHLK3J—Drugs [hat arc extensively (>80%) 
bound to plasma pruldns 


Drug 

Principal ptummlogk effect 

PhmlbBtMDne* 

Aruiinllumntiii.KV 

Warfarin* 

■■ 

Anticingubml 

HidkhehAc* 

Diuretic 

Lhgitu&in 

PnniLive iiKrirupic cllcct, heart rliyUiin 

mhiiaer 

Ccffiofur 

Antimierohial agent 

Prupram ite 1 

p-udrunurgic rsctfphpr hUsrkudif , 

airlMiihy flunk 

(JusmUniL 

A n L i yjr 1 a y t h m k « my l h: arc Li ill 
dcjpremnft 

PlieiiYCoin* 

ir 

Anticwivxil&inl. antiantiylhrmc 

Diu^paiii* 8 

Seda Li vc, an 1 i turn u L^am 1 

Valproate 

AnrictwviJlsant 

*DccreMWtJ hi mlIi.h i 1 in pfcuqvia of uremic piitiefitf. -cswpeF. an 

increase in the [xrreenujge of free i unboundi drug. 


TABl LE J.h — Range of drug binding to plasma 
prolfElls En a ViirJetv of muinimiliuri ■species 

Drug 

Range of binding 


(*) 

Ptopnutulol 


Dighcixin 

0-43 

Phenylni n 

TMff 

SiiQnuaolA 

*5-86 

AmphelJtinine 

2CM43 

Diguxin 


Morphine 

12-34 


Note: Tidal prok'in cnih.vnlr.3lii «i! in plasma of all nuin- 

nukliaji specks is with hi the range 6.Q-8.5 g/mL. 


differences in CEwnpoaitLon Lind confirmation of plasma 
albumin. The range of plasma protein hi riding of some 
drugs at therapeutically ichvnl ouuwitffiions- is 
given in Table 3.K for vaiums species. Species repre¬ 
sented inti ode die human, monkey. bone,, cow or goal, 
dog. cal. and rabbit. 


EXTEMTDF Distribution. The cxlcnl of distribution 

is- described in terms of volumes of hypothetical fluid 
unnpurtment?,. with larger volumes of JisLribuCiufll 
reflnliitg more extensive distribution from plasma into 

riuues. Retail thill no relatkmship exists between <Jis- 

irihuEao.il volumes for drugs and physiologic spaces. 
Rather, the value of Vd serves as a proportionality otm- 
sIM relating ptfluaiw concentration of a drug lu total 
amount of drag in the body at any lime after pseudo- 
distribution equilibrium has been attained: 

Vd = (3.9) 

T. ■ 


where: C and are plasma ctmcenlnilion and 

amount ol drug in the body respectively at lime f. litis 

ph;u ci kiLuk inctiL* Elthi ltjizi hu dc 1 1 ifrtrd us llw; viiIlmim; id 

fluid that would he required to contain ihc amount of 

drug in the body if it were uniformly distributed at a 
cimcenlriition equal to that in the plasma. While the vol¬ 
ume of distribution provides an estimate id the extern of 
disirihutiuii of a drug, Ll does not distinguish between 

widespread distribution and high iffiniLy (selective) 

binding with restricted distribution. The pattern of dis¬ 
tribution must be related to huh value of Vd and physi¬ 
cochemical properties, of the drug {lipid solubility. ionic 
character of ftnctional groups) that govern diffusion 
across hicvlogic membranes and binding to tissues. One 
cannot tell in which tissue the drug, concentrate* by 
looking at Ihc volume of distribution, hut one can deter¬ 
mine the fraction of drug lhat is mit.-sule the plasma \J ): 

//A W -(CV^ (3.10) 

where V is the pJa&noa volume in the animal. 

An esiimaie of the extent of distribution of a drug is 
given by the pharmaeotJ netlt term. apparent volume of 
disCributioti (Vet ntLAg), which can be calculated 
according to 



D-F 

AUC-P 


( 111 ) 


CJusintilnlinK Drug IJlstributlWT Jusr as ha iili drug 

absorption, the distribution of drugs in the animal can 
be quantified in lemns of rate and extent of distribution 
by evaluation of plasma concentrations over time. 
However, such evaluation cannot determine the rates 
and extents of distribution to specific tissues without 

actually acquiring data over time in those iisuks. 
Rather, the rale and extent of system ic distribution is 
defined as a weighted average of the rates and extents 
of distribution to specific tissues within the body, 

RaTE OF DISTKIDII ION, PLufiiVU concentrations 
decline very rapidly shortly after administration oti an 
IV dose, The rate of that decline is dependent upon the 
ability of the drug to distribute from illtc bloodstream 
into extracellular fluids and tissues. The rale of distri¬ 
bution can he described as a half-lilc of distribution, 
integrated as the lime it Hikes for SOS of the drug in 
the plasma to distribute outside of the bloodstream. 


Where AUC represents the Lot a II area under the plasma 
drug concentration versus time curve From t =0|o F 
is the UoiMfejlability of the d Mt administered by that 
fOOteOf administration*,. /■* is the administered dove, and 

|i represents the slope of the terminal di^ippearance 
portion of the plasma concentraiion-lime profile when 
plowed 8* the natural logarithm of eoncttrrratioo (Y- 
axis> versus- time (X-uift). 

A i111.H it x| i lil^IiiIi.hv. ,11 J fool ich» aCcunaLi: jshtIIilhJ liw 

calculating volume oi distribution entails extrapolating 
I he linear terminal phase of the drug dispos-ition curve 
to iis intercept on the ordinate {plasma drug concentra¬ 
tion axis) yrid subslituiihg this, value (jB. mg/L) in the 
expression 

D‘ F 

VA^mSLJi (3.12) 

Since the extrapolation method neglects lhe distribu¬ 
tion phase of drag disposition* it is valid only for drugs, 
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that behave according to a one-compartment model 
(distribute almnsi in*lantaftcou*ly)L Otherwise, ihix 
hhethnd jives an overcs-liiTurlc of the Vd value. 

The volume id"distribution al steady-state 1 Vd^i pro¬ 
vides an estimate of drug distribution which is inde¬ 
pendent of eliminaiion processes, and which is mosi 
useful for predicting plasma flMffilfttiflM uptm mul¬ 
tiple dosing Ui a bleady-tLale. or pseudo-equilibrium 
t Martinez 1W8a). The Vd t is. proportional to (he 
amount of drug in the body versus the plusma drug COO- 
ceniraikm at steady-stale. The Mhnwii^ eqnlioB 
defines Vd :: 

•A 



D AllMC 

AIK? 



All otitic various volumes oFdfcsLnhulinn mav he calm- 

'*1 

Ialed from a plasma eoncenlralioti-tLmc profile. In gen¬ 
eral, Vd a overestimates the true volume of distribution, 
and Vd m is generally fin overestimate relative to Vd. 

.Species diFTeicnccs in volume of distribution, notably 
between mo nog a* trie (dogs, cats I find ruminam (cattle, 

sheep, goflis) animals. have heen found, particularly 

with lipid-soluble organic bases. Following parenteral 
iMlmivuslration, theve drugs difluue into ruminal liquor 
(in which lltey may b ffCWW napped by ionization |i as 
pari of their no mud pattern of'dislrihuCiDn. Itie colon of 
the horse, by acting similarly us a rtw^r. can con¬ 
tribute to a value of Vd (in LAg) Hliemudi JIC between 

Lbu&c found in small animals 4ind ruminant species. 

Knowledge of volume of distribution is required for 
calculating the dose chat must be administered to pro¬ 
vide; a rf*rti (therapeutic* cooceitfntkw of drug in 
plasma 

D - C r vd IF ( 3 . 14 ) 

(mg/kg 3 (ing^L) (Ukg) 

When the drug \s administered by other than the JV 
mule, its bioavailability </“! may be less than 1.0 Lind 
must be taken into account. 


MECHANISMS OF DRVtl ELIMINATION. 

Mechanisms of drug dunination are biOLninsformaikm 
(metabolism) and eacretinn. Although it is usual for 
one mcchani-sm lo predominant:, both hepfdk melfibn- 
lism and mud eundn fire involved in elimination of 
most drug*. The fate of a drug is largely determined by 
certain of Us pftyskochemkal properties, spoei FicaJly 
lipid snltihilicy find degree of ionization. lipid solubil- 
ily appear- to he a prerequisite for hicuransformation of 
drugs by the hepatic microsomal enzyme system. Polar 
drugs and many drug metabolites are cscreficd by the 
kidneys. Widespread csttravasculur dislnbution. which 
is a feature of Lipophilic organic bases, and selective 
tissue binding, such as locittutfotl of thjop$nt$l in 
body fat. reduce the rate of el i mi nation of 1 drug by 
limiting its accessibility to diminaung «pu I drug 
cofKenUation in the blood fluking to the organs of 
elimination is very low?. Influence of extensive plasma 
protein binding on diminalimk of a drug appears isi he 


determined by renal and hepatic mechanisms involved 
in this process. Apart froin the liver, metaholism of 
drugs takes place in blood plasma and lumen of the gut,, 
where hydrolytic and reductive reactions may occur, m 
well as in other tissues (intestinal mucosa, kidney, 
lung).. Plasma pseudiK-holinesteTase. which varies in 
activity according 10 speciev hydrolyzes drugs lvT 
widely differenl phurmacologk classes. An eslw link¬ 
age is 41 feature otf drugs lhal undergo hydrolysis. These 
include 4k:elylchnliite. siiccinykbn|ine s Hrapim* pro¬ 
caine., meperidine, aspirin to sulky Laic, ceflioFurto dcs- 
furoykefiiofur, and hetacillin lo ampicillin. The teke- 
live lo\ieity of malathion (an or^anophosphulc) for 
insects rests on Lhc difference in metabolism of the 
drug between injects and mammals. Insects preferen- 
lially convert malathion lo malaoKon, which is Lhc 
effective pesticide, whereas mammals rapidly deester- 
iFv lhc compound 10 an inactive metabolite, Hakv- 
gcnalcd volatile anesLhctics (hakuliane, mctho:iytlu- 
rane) arc eliminated predominantly unchanged by the 
lungs (pulmonary cncntnn) but undergo some degree 

(5 20%) of metabolism in die liver. Although meiabu- 

Ikm is- the minor mechfijniim of LheirtliminaLkm. accu¬ 
mulation of metabolites, which can occur in patfeflfef 
wish impaired renal function, can give rise to lorieity. 

Drug Mrlubulism (Uiotri rafurmiil kw h I Jrugs 
undergo metabolic changes in the body that axe 
directed primarily inward foruiaiiLKn of metabolites that 
have physicochemical properties favorable to their 

excKtiH Products of hiocr4msfunnatioi:i are generally 
ton lipid-voluble and idor polar in nulnne. The laftler 

feature renders nietahidiies suitable fur ^arrier-medi- 
■Rled euredn processes as wdl as more likely lo be 
partitioned into the aqueous fluids- of the body s-udi as 
the bloodstream, rendering higher concenUalions being 
presented lo the organs ofexerelion (o.g., kidneys), 
LliminalLon of drug by metabolic ahenition can he 
either limited by iht* rule of pffWCTtllimi to itoofpni of 

bktoiftfforTDitkxk or limiled. by the capacity of (he 

enzymulic system Involved in (he hioCnifivfonnaCwwL. 
Fur djru|Lv ihfii are presentation-limited, ultenirions tn 
hi nod llriw 10 the liver (or olher organs nesportsiblc for 
metabolism p can drumatically niter the rule of id(eratiun. 
■Changes in the rate of meUibuhsm of OHUUrln ii flow- 
rate limiled AnoUotk, are predictive of liver Wood 
flow in beaghr dogs (Rkschd and Vachharajani I W.l| r 
Ding CDdaboUsm h» hwm generally divided into 
two types of rcaccionsw lemied phase I and phiix D 
readionN (Fig, 3.8), The inilifil phase consists of re ac¬ 
tions lhal CflO be classified as oxidaiive, reductive, and 


PHASE S PHASE I 



FIG. 3J—The feasnl pertwrn drug meiahcriion. (Adl(Hn 
fnitn Williams l»7) 
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PHChORUG DRUG 



ACTIVE METABOLITE 


INACTIVE METABOLITE 

^—■—■ ■ ■ I 


Ac^vlKHtyliu 

acid 





Salicyi {add} glucuronide 
Salicyi 'pher-Qfccj g'ucursnitfe 

Salt-cvlaoid 

Osrrtwfjacid 


PreMssfia 


Glul'iimd* 


(Of 


#► H yd r OmMaOMd e 


CC) 


yofpbin© 


Ptwafiytoin 


fcj 



[RJ 


fr PnriHacAOM 


BtiGdnyfctiojiris 

Theoptkj I i mh 


\ 


(H) 


iO} 


ro;i 


iMcynCarMi? 


Mot pMn* 3-glllflnflHt 

p44ydrosfyph®fTfte5iri! 


fs u c D/1 ytn □ nochoi f n e 
1 Me-lhyiiLiinLiiiriB 


inc .1 —Piitkmc IwHrwnKfiimulinn ill ts p n,:n!at a*.tr' drup^ Elnly iTpr^/nUiLive ingLiholic p^hw^y^. ;irv sbc-wp lor saunc 

iSruj£?s. InurlivL 1 - ennorntnil inns nhlj-ineJ fctlkiwinf IftiL 1 Ihi'-rapriirik' ndrniniarrniinn erf tire pnrf-ru dniip iH| = ^^Jjjlkini: |RI - 

rcduiti'.Tn: (ft> ■ hydrof>-us: (Cj a conjugution. 


hydro lytic, while the second pha.se includes Ihc sjn- 

ch^iic n?ac<iL^ns {coqjnplkns]L Pha^c 1 Imrfimnatioia 
usually unmask or introduce into the drug tnokcok 
pbluT griHu-ps nucIi- as —OH, —SH. —COOH. and 

—NH.,. These funeckmal groups enable [he L.LHn|HHiiiLL 
Em undergo conjugation with endogenous- subsUmccs 
such eSh glucuronic acid. acetate (iiceLylalionj. sulfate 

(sulfuric acid ester foimalion> P and various amino acids 

(primarily glutathione, cyslcine, and glycine). Thedrug 
conjugates formed are water wrfuble and almost jovari* 

ably inactive phurmanTiogLCfllly (Pig. 3-9) P The mcw-l 

likely metaholic pathway can he qualitatively presided 
on the baiiv of the I'uiKlional group in u DompouBd 
(Table! 3.*?t and the predominant metabolizing reaction* 
found in each tpeckl Tire results of in vitro studies of 
drug metabolic pathways for various model com¬ 
pounds show that species differences in metabolic 
activity are principally quantitative (Table .1.10}. Il 
Khimki be Ba te d, howmt that it is virtually impossible 

to quantitatively predict the relative anonhitkni of 

uretabulitev that will be produced after udminiiLraLkui 

of a drug in any given species. 

PHASE I RriArncKS, Alihnugh phase 1 metabolic 

mictions usually yield products with decnated activ¬ 
ity B some may give rise ton products with similar or even 
greater activity i Table 3,1 |) r Divtfgeocc betwe en 


TABLE 1L9— Ihrrpbniblc Unlr^iuforinntkin 
pathways Tor drup 


FuiwLiorul group 

Biotnuisfomnajikm palliwuys 

Amulk ring 

Hytftmyhrioo 

Uydnayl 

ALipluliL 

rhiim rmdiilinn, glucuronic 
acid uMijUguikifl. Hilfuie 

LimjnjgjLiun (to hzsur LM.Len.ll 

Aimak 

Ring. hydru-aylalHiri. 

glucunniiL' UL'itl LMfijuguJIum. 

sulfale conjuGaikm. 
mcthyliititm 

Chtenl 

Alijihutic 

( ■Liiliieikiu: miu\ LiinjugiiLiun 

Aroulk 

Rsug hydiiiuylaiiuiL 

pocotenk arid cuajugatioii, 

u 9 Jr i Yl it LurtjupjCi>:H'i 

Primary amines 

Aliphatic 

IV am in at ten 

Aroudc 

Ksng hydnuylahiJii, 

KLt^-lulHWI, ptUJL'LUmilK' jscUL 

ce>nju£^iore m 4 .- 1 J 1 ylari 1 .Hi. 
sulfale nmjugMkin 

SuUTlydrVl 

CiluLnuETHnte Mild € ‘iisju^ u i i ! in. 

mcEhyliiciim, nxiiinrjcin 

EtHf tinLapei 1 zunidi* hnnd 

llvifr^lykjs 
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TABLE 3311—X Comparative cylndilDme F450 levels, oxidative druR metabolism (phase t\ and 
conjugal km i phase I!) AClivhlH for turhhu subirtnilcs m rats, rabbits, and ruminant species in vitro 



hal 

KuhbiE 

CjiiiiL 

Sbcep 

Cmk 

NOT 

064). H 

M 

m 

04-0.6 

OA-O-6 

Os.iduck»n* 






BtU0(4)pyK*£ 

as 

0.7 

ND 

02 

a 1-02 

Bdnayc«nifii 

flU 

NT> 

0-5-1.0 

0.ML7 

ati-os 

ften/phelamine 

2L7-3.8 

1.7 

23 

1.5-3.4 

1 . 3 - 4.7 

Aiihhm. 1 

03^0.4 

0331,6 

02-1.1 

0.2-43.7 

03 

p-niEroanisok 

13.9 

23.6 

30.9 

24.4 

103 

ELtiylmcirjihiiii! 

5.1-120 

4J0 

ND 

20-3.6 

l2-8>9 

<>lcK■un■^^iidlni^^n , ' 






1 -njpliluE 

6.4 

ND 

ND 

7.3 

29-3$ 

p-nicmpliennl 

lihii 

6.4 

14,3 

62-31.3 

43-4J 

SatphttHN* 

2-rtapllluL 

0.8-4.1 

421 

52 

21-42 

2-f 

ALvIyLiEicicr 






SulfudimidiiK- 

9-36 

304 

to 

0*8-42 

. 2.5-5.4 


SuLiriv: HD 1 ! KlmiMur 
ND = Tinr de^rmifu'd 
"nnuM/mg mK.-mw.wn a I pwtokL 
^nohiprotesn ■* min 

‘pntol^iug jHtrfuiii - min. 


TABLE 111—Effect of phase I 


reactions on nharmaooloffic 


IDrug 

MeulkiLiCL- 

CMHIlion efsnfivdn|r ffl Ifuedw meUrlwiilf 
f 3 dntg AuofwA) pi I 


PncbAtMui 

E * 1 : 11 E 4 Atari h Lai u.lmbi>l 

Pliene bar bind 

p-hydmx yphernjlMrbicdt 

Phentno 

/ 7 -lLydmsyphcny 1 ikrmiLivc 

AmpncLiniijK 

3 >-h.ydrox_vaitiphif umi ne, 
pbnyimuw 

Pti—KhlirlM 

Phcm A h i a 7 i nc '.uHd'VMk 

Pnlauc 

p iinnrailK'ii/LiH.- jii/uI 

OpHWlbti Jrwg |p actfhw HHtatwfiiRr 

Phcny [butane 

OvyphrnTHJlJi?T>r*e 

AipMn 

Salicy lie add 

Propnedol 

4 - Mydms yprnpniniiln] 

DwHiym 

N-dcuuoiytdliupftm 

Cefliofar 

DtvhirL hv k'cfticdiir 

Primidone 

PheikriHirtHLal. phcnvlLihvmaJmiaaiBde 

Spinnutactooc 

■■ HR 

CurHOttt 

Cemnin ofiflortfiv dtaa Cwmbir) ftn -aeriw <6 nir 

FnHCmil 

Su.lfaiialaiiiMk' 

Hffttrtllki 

Anpidllii 

Hi 

Pentium 

nnotiu 


decline in plasma ennccnlraOims 4 n 1 .ll effects uf 41 drug 
suggests that one or more of its metabolite* may have 
pharmacologic: activity. The only way co determine ihe 
as/EmEy of u metabolite is to adminisier the metaholile 
-iukd ^tuUy its phiinmaLXilKinedcfphujnLoci.idynaniic rela¬ 
tionship. Many Corapooddfl are metabolized lo active 
iDeUbolilH, either with tkniwtk implicaticmiH Cc" j 5 -- 
ccfliofur co cLcs-furny Iceftiofur, poietfifUimide to A 1 - 
flcetylproeainamide., ramipfit el> ramipiilaO or toiko- 
logie implications. Metabolic conversion of parachion 


(nitDxic per In puatufli ca powerful inhibitor of 

dnUufttenue) and the furmaUcm of flliOrOcitritc (a 

■ 

specific inhibitor of the enzyme iK oniuse) from lluo- 
mcetk acid and ftfOKNUtimide are examples of 
lethal synches is. 

Oiittadon it the most prominent reaction in the 

metabolism of most compounds, including lipid-solu¬ 
ble drugs and ikflhd hormones* Speoitiea.ll>; nuuiy of 
lliese fluyuiH that arc located predominantly in 
pitfenuh y mul crib <if mcufecrilzillg organ* (liver, kid- 
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NADPH + A + H* AH 2 + NADP + 


AH 2 + 0 2 —► “active oxygen complex” 


“active oxygen complex” + drug —> oxidized drug + A + H 2 0 

FIG. 3,10—Hepatic miiTiHiirnal ifenij-iiiidi/inj syslein. 1 "her uxiJuIlvu mLvIiainsiii require 1 ^ dial4?^|u3v llI c amounts of 
NADPH. oiiypit und drag ubitnftc he nMlired fin I he mctnfkA itfKHltt ife wktori fwm mid AH. is die reduced form 
tf cytodvoflH P45CK 


TAJBl.E 3J.2—Oxidative nemctiotis mediated by the lint mkruniruil HUpH B^slem 


Oxidtutive metion 

Drug. 

Mu'-lLLhtilit-c 

Aroiuaik- hydr».Ryiution 

PlmyVbahBooc*; ptmMnUl^ 

(lx>-phenhuiiuifnc-', p-hydny fdaoMrk] 

ALiphaLii: nx iduEiwm 

P’ntohiffakil* 

Ptnn^burhiml jlcc»hitl 

O-deaJkvljtion 

Pben#.r , tiii J3 

All-i uininuphen T 

■ 

N-duidkyliiEkffl 

Diifflpui* 

/MmvfiyUmqpn p 

Oxidative Jraminotion 

Ampiirtiuninii * 

J’liLnylaLLtinie 

DctuMMUiion 

Parallliun 

PniUB* 

Sulfoxidation 

Pb^rK^hi-a^in^ 1 riirMpnli^crs* 

C '4HTUspunding :-.ul lo«.nkr 


’Pharmacologically acthrc ampuri 


ihiy t intestinal epithelium),, where they ace atfociufcd 
with the smuoth-^urfaced endoplasmic reticulum. 
When many tissues iaeludinjt liver are homogenized, 
endoptwric reticulum w broken down lo form small 
tebekfl kuwi as aknMCdKi Tbe^e enzymes, which 
have a specific requirement for reduced fikotilHinide 
adenine dfalKlGQttde phosphate (NADPH) and molec¬ 
ular oxygen, have hcen clarified an mixed-function 
oxida.\es and are termed micmumal wynfr because 
of theif asoncialinn wish, and continued ictmty wilhim 

mievorana. 

Ability of the microsomal dnig-meLabi.di.zLnji 
enzymes to mediate a wide variety ol oxidative reac¬ 
tions may be ascribed to a common mechdUliflB. 
hydroxylation l. Bradie et al 1958; GilJ^LU; 1%3, lW6l 
'Eht mixed-function oxidue dKchuistn requires chat 
NADPH reduce cyfodnnw P-4J0, whkh is the oxkbz- 

mg ozynx found in miertiHomc?i-. Reduced cytochrome 
P-45H RKb with molceuLur oxygen to form an active 
oxygen intermediate. [nttnctioa between this complex 
and a lipid-soluble drag or slrruid wuhstrace yield's a 



lent molar fincdH of water (Fig. 3 P !0) r There are sev¬ 
eral isoenzyme* of eylechnomc P-45©,, each of which 
has certain substrales it movL efficiently metabolizes 
(Ik-net el al. 1996JL This results in a wide variety off 
oxidative reactions known to occur in DriCRHHHDB and 
include aromatic hydroxy latum aliphatic oxidation. O- 
and iV-deaJkylation. oxidative deamuiatiuii. replacement 
of S by O (tkwlfijrizatiooX <ukl nlforiih fanuttaL In 
Table 3.12, examples are given of drugs that are metab¬ 


olized predominantly by hepatic microsoiiud oMdillion, 
It is common far a drug to be metabolized dong two m 
more pathways simultaneously; in which case, amounts 

nf the meuboUiea farmed depond on the relative activi- 

ties of different metabolizing enzyme systems. The 
prevalence of these v arious isoenzy met i s diJfcnml from 
organ Ao organ within an species, by species far a xpe- 
d6c organ fWmnp et uL 1991k and by age within a 

specks iuid organ type (Kawakc and El Said I90fk 
1994). As an example, amphetamine ti mriilwliml 
along two oiidukn pathways (aromatic Itytkwyldin 
und oxidative deauLaatiDfi), and ihv mdiMltet in turn 
undergocoqjugudoQ reactnoa (Fig. 3.1 IIS. The client to 

wkkfa there nstfabolic reactions cake place appears to 

vary wiih Che species iDring ct al. 1970; BapgErt and 

Pavjs 197 3) r Acetaminophen, an analgesic and 
amipy retie agent, has a free hydroxyl group that mukes 
thi\ molecule suitable fair conjugation reactions i Fig. 
3.12 )l The glucuronide and sulfate Hlff farmed are 
highly poLlf and plunucclogtctlly ifllCttw com¬ 
pounds Ehat are rapidly excreted in urine. Cars are par¬ 
ticularly susceptible tn uceLuninuphen loxicity due, in 
part, to defective conjugation of the drug and conver¬ 
sion lo a reactive decLruphilic melaboliLe. Phenacctin 
and ftHtuUidL which are precursors of the DDR polar 
acetamimiptocn. are transformed n? ehe latter by the 
miCTWmal midllne reacsilMis of rt-dealkylation and 
arnmatk hydrtjxylacion respectively iBmdic and Axcl- 
nxl IW: Brcxiic and Axclnid L^49i. Biotrajisformaliofi 
of phenylhutazone involves aromalic hydroxylatkin to 
oxyphenhutazone tan anti-intlanunutory agent and drug 
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am it* own right j and oxidaUtm of tbc side chain rn y 
mciabdaie with only utfoouric Ktuo (Fig 3rl3k 
OsyphentHilafliny in lum harms a glncuronide and sul¬ 
fate e>[er« Extensive plasma protein binding of 
phenylhuiaznne and ns, metabolites prior to amjugahon 
limbs (heir availabilily tor glomerular liltritfnm. While 
king-chain faisy iicids undergo microsomal cuiraitkilicHi. 
^isle-chain alkyl substituents in otherwise lipophilic 
nHtmks are cbHKtefUticaUy metabolized in the sub- 
terminal (tu-l) position, e.g., as in penLulwhiLiiL 
meprobamate, and ethosu.xjmidc. This ftttfltt So he a 
metabolic reaction to avoid fornuiCion (by 0 ) ovidaliunf 
of a lipophilic carboxylic acid thus. like she long-chain 
fatty acids themselves, would inhibis cytochmK P-450 
by dolergmL action on she lipophilic niembmiK So 
which is is attached m which it iidcpcndcm (Stefr- 

Mke 1979 >r 

Spccitfl variuLmn* in (LuniCum of acton Of a lipid 
soluble drug can often be attributed Lo differences its 
the rate of its bfotrunslormatLon (Dalvi l-l al. 1987). 

Reduclion of cytochrome P-41^0 may he raie- limiting in 
hepatic na tefO M BM l uudhtive regions; species differ¬ 
ences in P-450 reducifl.sc activity have been shown to 
parallel differences in rates of drug oxidation (levies 
ct al. 1969), C w np uri wJP of half-live* of some drugs 
ihfli are eliminated to a large degree by hepatic micro¬ 
somal oxidative reactions shows chal the activity of this 
system is far lower in humans than in domestic and Lih- 
ontocy animal species. 


In luldition so catalyzing various nxidaLivc reactions, 
hepatic microtomes can reduce aw and nisro com¬ 
pounds Lo awresponding amines, liolh reductive fac¬ 
tions involve luenMc HlJ k Wi, require NADPH, 
and are almost certainty mediated by ctuy me* ihai con- 
Lidn flavine adflUnc dkmidHtilk (Mueller and Miller 

ltf54Jk Aw smuposiub undergo reductive ekengf so 
primary amsutic amine v ProokuiL an a*n dye, is 

reduced Kp sulfauikmide, which hit* apuihiLvscri*il activ¬ 
ity. The litroreductaK system is partly responsible for 
tnctivaikm of chloramphenicol. Ruminal nknrfkn 
and UDftntinaJ bacteria can very effectively carry cut 
These reductive mctiOQIr Reductive dehaLngcnaiion of 
volatile anesihelicx ShflloLhane, methoxy Fluranc) is 
almost cenainly mediuled by hepatic microsomal 
enzymes.. 

Foreign compounds (XfiUlMlkl) CU be ineCuho- 
JumhI hy Otter Eb-uii she m kTO Wml enzyme sysiem. 

Noauioncttooial metabolic reactioat include otidadn 

L.if afcohob and aldehydes, reduction of ketones, denm- 
infliion by monoamine oxidase (MAO)* and most types 
of synlhelic fi e., phase lip reactions.. Hydrolysis of 
esSers and am Life s is readily catalyzed by a vuricly nf 
hydrolytic ttzytns pfeseit in hluwl piaana 4 uh 3 other 
bluest, including ttw and kidney. Ruminal microor¬ 
ganisms. and gut bacteria, mediate hydrolysic and reduo- 
live reaction* (WUUam 1972 k 

Alcohol Lfehydnija.cnaw and aldehyde dchydroge- 
nuw are rather nonspecific enzymes found in She 


QDvriohted mater i 


i j 


M / StCitOtt / / PKI>CIflLB5 OF llIXKMM.’OLOCiT 


soluble fraction tif liver thal catalyze ini pint mil: nxi, da¬ 
tive transformations. Substrates include endogennu* 
™mpouinlH I viLiumn A, relininc) us well m some drugs 
(flluiKil, proffinulol, chloral hydrate). The major 
metabolic pathway few the hypnotic drug chloral 
hydrate is reduction its inchIccn;eduiiuJ, which is phar¬ 
macologically active. In catalyzing this reaction* afco- 
huJ dehydrogenase funcliCAs as a reductase (Friedman 
and Cooper i960). Chloral hydrate has an apparent 
hull-life of 3 msmutes in the dog; the drug is rapidly and 
quant ilalively converted In trichlomelhanin] (Garrett 
and Lambert IS 1 73). This metabolite undergoes conju¬ 
gal ion with glucuronic add. and the conjugate is 
excreted in urine and bile. Likewise,, metabolism of 
ethylene glycol (the primary component in anti Freeze) 
is cunvcried Co toxic metabolites including exulk acid 
hy alcohol dehydrogenase. Par this reason, an historic 
treatment for antifreeze intoxication was adminislra- 
lion of ethanol, which competitively inhibits the for¬ 
mation oF the ioxic metabolite. 

.MAD. a flavoptoicin located in the outer membrane 
of the miloctKuidria. is widely distnbuted bn a variety of 
tissues (liver, kidney, intestinal mucosa, lung, blood 
vessels and plasma, heart muscle, brain, neurons). Tis¬ 
sue distribution of this enzyme is sueh that it is readily 
available to tkaminatc the bin genic amines. Following 
release of nor epinephrine from adrenergic nerve termi¬ 
nals, it interacts with certain adrenergic receptors on 

effector cells. Excess is removed from the extracellular 


Rgiovi largely by reuptake Into the nerve terminal by 
active: transport and to some extent by diffusion away 

from the site and subsequent enzymatic i liac Livatiim by 
extraneuronal catechLil-fi-mcthyl-transferase. Within 
the nerve terminal, norepinephrine is partitioned 


between u cytoplaAmk mobile pod and imragranular 
pools. That portion present ini the framer i-** susceptible 
io oxidative deuniinmtimi by MAO. Drugs dial inhibit 
MAO {isucurbunuhti phenelzine, tranylcypromine) 
can cause an increase in the level of norepinephrine in 
the twain and other tissues and is accompanied hy a 
variety of pharmacologic effects. 

Hydrolysis is an important metabolic pathway fur 
compounds with an ester linkage (— COO —) or an 

amide bond (—CONH—). Most amides are 
hydrolyzed more slowly than the corresponding esters. 
Use of procainamide! m an antiairhyih-mie is based on 
its skrtV rate of hydrolysis cornlpared with that for pro¬ 
caine. Elimination meoh&ni*ma for procainamide 
include hepatic biocransfcrmaiion {hydrolytic reaction) 
and renal excretion (Gdeazzi et id. 1976L In dogs, over 
50% of the dose is excreted unchanged in urine. For- 
mation of Ihe active metabolite jN'-li cel y fc p roc a in a m i d e 
is a major metabolic pathway of pmcamamide m 
humans and rhesus monkeys (Drey hiss el ul. I97h 
tiiurdinu cl nl. 1976). Since dogs are* less able to utely- 
late primary aromatic amines, they would not form Ibis 
metabolite as effectively (PapUrh el aL I9K6). Lido- 
came undergoes extensive hepatic biatralsformatLon. 
which varies in pattern among speck* iKeenagfran and 
Boyes 1972). The principal metabolic pathways are 


microsomal oxidation (aromatic hydro* ylytjon, jV- 
deulky latiim) and hydrolysis of the amide bond, cab 
alyzed hy icmidases in the soluble fraction of the liver. 
Phase I metabolites arc excreted in urine as such and in 

the ftsm of conjugates (presumably ghanonuksk 


Phase II (Synthetic) Reactions. Synthetic * con¬ 
jugation) read ions may lake place when a drug or 
phase I metabolite contains a chemical group such 
ns hydroxyl (—OH), carboxyl (—COOHk amino 
(— Wy, or sulfbydryl (—SH) and is miiahte for com¬ 
bining with a natural compound provided hy Ihe body 
to form readily excreted water-soluble polar vnekaho- 
lites | Williams 1979). (’on jugal mg agents include glu¬ 
curonic acid, glutathione, glycine, cysteine, methionine 
(for rnethyUnion), sullalc (for ethereal sulfate forma¬ 
tion), and acetate {for acetylation), These conjugating 
agents do not, however, react directly with the drug or 
its phase [ metabolite hui do so either in m activated 
Form or with an activated form of ihe drug (as- an exam¬ 
ple, acetyl-coenzyme A rather Chan acetate). These acti¬ 
vated forms are usually nucleotides, and the reaction 
between the nudcuti.de and drug nr conjugating ugenl 
h cuLalyzed by an enzyme. A Cddjuplicm reaction 
requires a conjugating. agent, a nucleotide containing 
cither the conjugating agent or Ihe Foreign compound, 
and a transferring enzyme. Species variations in conju¬ 
gation reactions can thus depend on occurrence of the 



conjugating agent, ability off the body to Form the nec¬ 
essary nucleotide* tur amount of transferri ng enzyme. In 
contrast to phase I metabolic reactions, which appear to- 

be ubiquitous throughout mammalian species (at least 

qualitatively), certain synthetic reactions are either 
defective ur absent in particular species (Table 3,13), 

The cut synthesizes glucuronide conjugates at a Blow 

rate, its this sped® is deficient in Che trans 

enzyme giucuronyl transferase (Dutton 1966k The dog 

and fox are tiDibk to aCeiylite aromatic amino groups. 
Unlike the enhanced potential for drug toxicity 
impo-sed on cats by defective glucumnide synthesis, 
lack of ability Co acetylate □ particular Lype of amino 
group does not appear lu hinder elimination of drugs in 
dogs. 

Gfucuroniite synthesis is, a most important phase II 
metabolic pathway for drugs and certain endogenous 
compounds (steroid iHtmom ihyroxinc. bilirubin), 
The uctiviiLed form of glucuronic acid is tin- nucleotide 
uridine diphosphate glucuronic acid (UDPfiAk forma¬ 
tion of which is catalyzed by enzyme* in die soluble 

fraction of the liver, Synthesis of the glucumnide 
involve* transfer of the conjugating agent from the 
nucleotide to an acceptor inobcuk; transfer is medi¬ 
ated by the micruMiinal enzyme glucufonyl Ininsferase 
(Icsd bather el ai. 1962). This conjugation reaction is 
unique in that die transferring enzyme is associlhed 
with the microsomcs. mainly m the liver but Abo in 
other tissues, 


Some drugs tliat are excreted largely as glucuronkfes 
include morphine. iaIicyhtcs K aoeteminopheiu cHIl> 
nun phen icol, iopanoic m i d. I fadimpthox i nc 
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TABLE 3.I3-—nunu'hlkr animals with defect in certain oatijmg"si 1 Jmjp n millions 


Spec he 
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Vljjor largd gmpc 
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Cm 
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pTc^m Itkji dnr rate 

Dag 

AoolyUaD 

At NM, 

AbtefU 

Pig 
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AM>H. At-VH. 
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(humans), and ihe phase 3 metabolites of diazepam 
(oxazepam i f phenylbutazone (nxyphonbulazune)* phe- 
nnbarhiial, and phcnyloin. Glucuronide conjugates 
may be extensively eibueicd into the hilt:, ihe tfcgrw Off 
which appear* in he determined largely by its molecu¬ 
lar weight. Tliis runic of excntna may predominate for 
compound* with molecular weights shove 50IJ and is 
relatively more eofiumm in rats, dogs, and chickens 
Khan in other species. Glucuronidcs that me excreted in 
bite may undergo hydrolysis (mediated by [1 glu¬ 
curonidase \ in the intestine. I'he hydrolytic reaction 
liberates the drug or the phase I metabolite. which may 
then he reabsorbed, anti an cnLerohepulic cycle may be 
established. Not all! glucuronidt*. arc hydrolyzed by |J 
glucuronidase in Uie gut (the esler glucurunide of 
Lopoiinic acid). Certain breeds of Ball do Dot synthesize 
glucuroiudes. which is apparently due 60 deficiency nf 

the nuclcohde UDPGA, Defective synthesis, of gha- 

CWDfljdec in cad is related to the low level nf the trans¬ 
ferring enzyme gluturonyi transferase rather than a 
deficiency of L'DPGA. tn insects, glucuronide fomur 
CiLUk is replaced by |3-ghlCOftWie conjugation < Parke 

196 *). 

Sulfate conjugation is an important ahcmaiive meta¬ 
bolic pathway 6o glm-uronirfiiiioii in mehibnlism of 
phenols and. 6o a ifiiwJi kucr extent, aWphltk alcohols. 
Some drugs ihai form edunl satiates include phenol, 
aceiami nophciL morphine, isoproterenol, and ascorbic 
acid. Virions endogenraj* compounds such as chnn- 
droidn, heparin, and certain steroids form sulfate 
caters. Enzymes Lhat catalyze formation of the 
nucleotide and transfer of the conjugating agent to the 
acceptor molecule ace found iu she soluble fraction «f 
the liver (Robbins and Lipmann 1^57; Note and Up- 
maun I9S8X Capacity for Hdbte conjugal ion in the pig 
h limited and hence can becow Hflunted, yielding a 
change from 4 constant fraction of drug melahol ized 
ifirai orders to a constant amount of drug mctaholized 
(zero orders ll appears thal the Intel pwl nf sulbile in 
the body can he readily exhausted, I*ur this reason, con- 
j ligation wish glucuronic add usually predominates 
over sullate futmnaliuov \ 

Acetylation of ail types of amino group* lakes place \ 
in human*, and several specie*, of animals except Lhe 
dog and fox. which do nut acelylate the aromatic amino 
group tWilliams 1967), The dog appears cl> have a spe- 
cifie deficiency in arylaminc ucetyltransferase. 
although Mime evidence hai been presented that dog 
liver contains a natural specific inhibitor of this enzyme 
(Ldhou and Adtderid L9&2). AodyUn is (lie prin- 


dpiil ifttttbolte pathway for ulfonmkle COfUfHUMb 

in humanv. rabbi L*. and rat* hut is accompanied by aro- 
maiic hydroxyhilion in ruminant species. Sulfanil¬ 
amide. e g.. ondergoet acetylation ai both the aromatic 
and xulfonamido NH, groups in a variety of specks 
except the canine, which suggests that trmwrtyliSB 
may be speci tic for the type erf Ifttku group CR§, 3.14). 
The aceLylaLion reaclion lakes place in two Mages; ihe 
first step iowlva foniuitinn uf acetyl coevyine A and 
il followed by a aucfoophilk attack by ihc amino-con- 
uiiiiing compound on ihc acetyhted enzyme. This reac¬ 
tion hikes, pi net* ill i he tciieulLJcndwhclial rather Ihan 
parenchymal cells of Liver, spleen. Lungs., and intestinal 

mucosa (Covkr 1%SX 

AecLylaricm decreases water solubility as well as 
lipid solubility (which is u.*ual for conjugates^ of sul¬ 
fonamide compounds. Sulfapyrimidine and probably 
sillTudoxine and suli'adimeLhovine are exceptions in 
that their acetyl derivatives an: more water-Miluhlc. 
Increased aqueous sLduhtlity decKtSH die potential For 
crystal I uria Urinary itlkalinizasion increases the m>Iu- 
bilily of *u|fonamidcs in urine and the fraction of dose 
excreted unchanged by the kidney. 

SulJhydryI-containing drugs and/or phase 1 t melabo- 
liies arc subjcci to conjugalaon with other molecules 
eojiLaining free —SH groups. 'ITiese may be eiLher 
endogenous compounds or xcnobiotics. Many of theve 
compounds, including glutalhione fG—^Hhind cys- 
Icine (C— SH j. are endcal in the maintenance of ihe 
proper redox potential wiLhm the b*Mjy and may exisl a* 
eillter ihe reduced numnimer (O—SI t or€ — 3H) or the 
oxidized dimer (G—SS-G or C—SS^C, namely cys* 

tine). Likewise, L-LPnju^aiHKn of xenobmcics containing 
free —SH grqupi wish these endogenous redox mtxlu- 
filllig compounds are subject to Lnlerconversion 
between the reduced iorm (e.g., dcsfuniy Iceftiofur) and 
Lhe oxidized conjugate fe.g.. desi'uroylcertiol'ur gtu- 
Lathione. desi'uroylcefliofur cysleine) {OIUH el aL 
I 99 H). TTii* is one of iIk few COVtkntly ImiUivJ conju¬ 
gation 4 - Lhut is readily imniUk depending ufKm Lhe 
redox potential of the local emboainenL 

Metabolic TkANSPORMAnoNS Mediated ny Gl 
Micioociganisms. Gl mictDflon n capable of 

mediating a wide variety of mciabolie irajisformai ions, 
the piiht prominent of which are hydrolytic and redue- 
tive reaclicms (Scheline 1973 ). Mi-cmbial iiwlab- 
olism may occur ufler oral adminisLrjLkm of a drug 

product or following ptuive diflhuira irf the Hnkm- 
ind form off a drug Iran the syrtemk ciiuitatioi 
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Several 
Species 
of Animals 



Other Than 
Dog and Fox 
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FKj. 3,14—AntyUoD reaction^ of vulfani lamidc in sescril specie* of animals. The dog. and Foi *k> wh farm the V-acec^l 
diiiivaLivfi;, i.u ., ihiru.' uniinuh ure umhle In aocCy luh! Ihu untnurtu unudfi group. 


into the- lumen of the G[ tract Enteric swirimimklcs 
i phthal y Isulfathiazolc, suieemy Isulfathiazulc |« depend 
on release of sulfalhuuolc for their antibacterial aetkm.. 
Hydrolysis, mediated by biKterial enzymes in Ihc large 
intestine, is also responsible for activation of the 
anthraquimeme glycosides (cuscara sagrada. sennu'K 
Hydrolysis of plucurnnide conjugates iliiil are excreted 
in bile underlies the phenomenon of cnLcrDhcpatic cir¬ 
culation. since only the drug itself in lipid-soluble and 
can be reabsorbed. The enzyme responsible for lhis 
hydudytk: nctl«ki (V glucuionidaMi. is found priuei* 
pally in bacteria (SicArricMs cotfi of the large intes¬ 
tine. Microbial glucuronidc hydrolysis is necessary for 
release of hlle acids from their conjugates in She intes¬ 
tine, enabling them to play their essential role in fal 
ahsotpciLKn. Rrriih azo- and nitroreductase activity are 
also associated with gut bacteria 

Ruminal micro flnca catalyze hydrolytic and reduc¬ 
tive reactions: e g., cardiuc glycosides are hydrolyzed 


in ihc rumen, and chloramphenicol is inactivated by 
reduction of the nitro (—NO.) group. Parathion, which 
is the precursor of Ihc active pesticide paraoion. may 
undergo nitroreduction in Lhc rumen. This metabolic 
reaction reduces both Ihc activity and lox.idty of the 
irreversible antichulinestrra.se agent. 

While Cxi microorganisms can mediate certain meta¬ 
bolic inuisl'cirmalions of drugs, chronic administration 
of antimicrobial agents can adversely §B6cA activity of 

the** bacteria, Since they » bated mainly in ihc 

large intestine and rumen, miemfloru may he exposed 
to action of an anttmicnohial agent irrespective ol thie 
route of odministralion. The extcM of bacterial expo¬ 
sure Lo a drug depends on The extent of nhsurpliott from 
the- small intestine and. following parenleraJ adminis¬ 
tration, the amount of drug that is excreted- into the 
large ititesline imd rumen These Lrans-locatinn 
processes are detenuined by the lipid fohMIily and 

degree of kninriMM offlw drug. 
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Drug Biotr ansfor matiun in the Developing 
Animal. Hepatic drug nuialtolbvn gcnenlly 

increases from birth, to reach a maximum when the 
animal is a young adult. As animals- aye thereafter 
metabolism gradually diminishes, with the rate of 

decraue in bsetiinsfonutian efflckocy inaatlqg us 

ihe -animal appruunlies geriatric age. These generalities 
me fraught with exceptions, and spoilk situations 

must be addressed. 

Ln di*gs. most mint'd function nudun maLurc hy the 
filth to eighth week after birth, with slight decreases 
after waiting (Kawulek and SJl Said MM5.I. Sulfation 
reactions mature early in dogs. but glucuromdalion 
matures dhr slowly. This impacts on the metabolism 
iiod dispotidoo of acetaminophen. phmoblfbitlL and 
phenyloln in dogs (EcdNCbn et aj. I9&B). 

In ruminants, clear changes tn mei-jibnlism reMih 
when prerum mant animals become rumiiums. 

Cytochrome P-450 and XADPH-dependent reductases 
iocncaK by 5fHfc^ anal toe hydroxylase increases by 
threefold; and elhoxy-Loummin O-dedhylase,, UDP 
glucuronic acid glucuremyl traiisfera.\c, and glutathione 
i-transferasc -all are increased subsequent |p the devel- 
ppment of a 1'uncLLunaJ rumen (Kawalek and HI Said 
] *394), Such nutuntioul changes, likely because of 
ihe increased complexity of Che nutrients being 
exposed to the liver us a result uf ihe dietary change, is . 
continent with ihe quantum Increase in iIh 1 rate uf \ 
elimination of ceftiofur and tfccsfufoykeOiofur-mlalcd | 
metabolites in mminam cattle compared with p re ru rn * - 
nanl conk (Brown ct all. 1996). 

i 

i 

DRL»tl-Im5UC"iLI5 CHANGES IN RATE Of METABOI ISM b 
Metabolism of n drug generally factIItiles its removal 
from Ihe body. Therefore, an alteration of Ihe race of 
metabolism wilt affect duration of drug action. Among 
(acton iltal can alter rale of metabolism are certain 
lipophilic drugs and environmental chemical sub- 
ftams f pesticides. carcinogens)and a reduction in ihe 
hepatic blood fl™-. Decreased binding of extensively 
bound drug> can increase ihcir aiailahilicy for metabo¬ 
lism. A number id' drugs arc capable of stimulating 
{inducing) the hepatic microsomal enzyme system 
(pheoobafbhll diazepam, phenytoin. phcnylhutazone). 
Fjjhancfd metabolizing capacity represents an increase 
in coDcenlratioi of enzyme protein {increased synthe¬ 
sis) rather thu increased activity and Is referred hi as 
enzyme induction (Cooney and Bums 1972), Any drug 
that is lipid-utubfe ai physiologic pH is poicnlially 
capable of Inducing (ulcnafluil enzymes when admin- 
ifitered on a chronic basis. This phenomenon also has 
physiologic implications, since the sleroid hormones, 
thyroxine, and bilirubin iff substrates for microsomal 
enzymes. 

Drug interactions are manifested h Ihe scoriae 
attending concurrent use of two or more drugs. A drap 
such an pheaylbUaoone, which h extensively bound to 
plasma albumin and capable of inducing milch. stomal 
enzymes, can considerably Increase the meiih ntitm of 
other (punicul-iirty Addk) drugs. The influence of 


induction pharmacologic action of a drug depend* 
on relaiive activity of die parent lLtujl und its oxidized 
pmduct (phase I metabolite), 

The rate of drug rn eta hid ism CM be decreased hy inhi¬ 
bition of ihe process. In addition to mienviomal enzymes, 
others such as plasma pscudoLtoolincKtLTa.se and 
monoamine oxidase are subject to inhibition. Delayed 
elimination is a direct consequence of inhibited metabo¬ 
lism. and Ihe efled of this on pJnamueoLngic acrion 
Llepends largely on the fraciion of the dQK normally 
elimiiKitCt! by the inhibited metabolic reaction. W| icn a 
major metabolic pathway is inhibited, ihe metabolite of a 
minor pathway may assume greater impormwe, puriien- 
larty if this product has toxic potential. 

Drugs lhaL inhih]l microsomal enzyme activity 

include ciuetidlne H chlonimphenicnL qui mdme. 
organophu^pliunus ifueclkrides, and keLacunazok 1 . 
Chloramphenkd increases duration of peniL^hurbiuil 
anesthesia in dug-s and decreases body -clearance of 
both pheooborNlal and pbenytoiiv contmonly used 
onlicoovukaDl drugs. The ability of some drugs to 
nlomlste <ir depress the miaounul dnig-iiuiabtili^ing 
system requires chai thus. postibUity bo kept in. mind 
when enn^idering multiple drug rherapy. Alteratiims in 
the half-life ol'drug> in patients with thyroid dysfunc¬ 
tion appear io result mainly from aeeclcrahid Kie|ialic 
microKoma I nwtlbol ixnt in hyperthyrnidient and 
retarded biotransformatioii in hypirthyroid: palients 

(Vesell el al, 1975), 

Irreversible inhibit ion of plasma pseudo- 
dnUlHteriU by urganLtphittphonjv compounds may 
in itself cause toxicity or. when inhibition is partial, ean 
provide the circumstance for a drug that is meLabo-lizcd 
by this enzyme (succlnylchol i nc) to prcxluce an adverse 
effect;. 

Excretion of l>rug^ Most drugs are elimfauted hy a 
combination of biuiransfonnaiion and excretion 
processes, Bfotransfonnation generally uhatott the 
water solubiliiy of drage, their nzubolltM are read¬ 
ily excreted. Polar drugs and compounds with low lipid 
Hiduhitlly are eliminated mainly by exerditm. Although 
ihe kidney ii by Ikr Ihe must important organ of excre¬ 
tion, certain compounds are excreted mainly m bile. 
The liver, soli vary, sweat, and nummary glands; and 
lungs consume morenil routes M excretion. Ful- 
nwnaiy excrelkn to volves dillusion of s^olaiile suh- 
stonoB from sysiermc circulation into pulmonary alve¬ 
olar $ peaces, from which they are removed by 
exhaliikn. 

Drug excretion is a first-order process except In ihe 
B t u otiw when plasiria concentration of a substance 
exceeds the capacity of a earlier-medisAed transport 
mcdiani^m. in wh ich cave excretiLHi obeys zm-onfer 
kfaebd When the drug cnnccnl ration dcelmcs lo dh. 1 
level ai which ilk 1 system is no longer saturated, Ihe 

excretion process becomes first order. 

Riinai. Il^critjcin. Renal excretion is die principal 

process ol eliminalion I'lht drugs Lhat are prcilnminuiuly 





4€i $ Section i / PHNOHJH OF HUMACOUKY 


ionized at physiologic pH and fur compounds with lim¬ 
ited lipid sokibUky Drugs ocreled unchanged (m 4 
alwrcd by a metabolic rcacro*) mainly in urine include 

many anEihiocies umiM panic illiita, cephalosporin*, 
aminoglycosides. mmd cnyldis^diiic), most diuretics 
{with the noUihle HHptkH tsfethacrynit' -ucidk the com¬ 
petitive iKunanusculiir blocking agents tJ-Lubocunirine. 
gsilJameriEf I. and powdhly the cardiac glycoside digoxin. 

Hcnal handling ail drug*, and drug metabolite* is 
complex and, depending on Ihc phys-ictjchemica] prop¬ 
erties nl Ihe siihslaiiec, the following mcehanis-mx may 
he involved: glomerular filtration of rukcolet ihni arc 
free (inbmnd) in Ihc pl®s,iua; carrier-mediated excre¬ 
tion of certain polar organic compounds by the proxi¬ 
mal tubular cells; and pH-dependent passive reabsorp- 

lion, hy nonionic diffusion, of lipid-Miluble *ub*lanees 
(weak Lvganic electrolyteM in the distal portion of she 
nephron. In general, compound* ihai hive Sow lipid 
soluhiliLy and Lhosc that ure predominantly ionized m 
hiiiod plasma are rapidly excreted by the kidney, 
wham weak flpolc electrolytes, which are partly 
immunized and lipid-voluble. arc excreted more slowly, 

Erleulvc (>80%) protein binding hlnden ® drug's 

passage through the porous glomerular CflpiSiry mem¬ 
brane. The amount of drug that enters the glomerular 

filtrate is determined by its coaniitnlkn in plasm® 
water and cbe mis of glomerular filtration (GFR). Any 

plunundogiadly active sutMUKe dun kwere uncruil 

blood pressure or cofstridf renal ajreriolo. will reduce 

tlic GFR The euent of this effect on renal exertion of 

tike drug, however, mighi he lower than expceied if ihc 
xubxlancc U transported into tubular fluid by a c luricr- 

medialed process. 

Cairier-mffctluftd transport ol certain drug* and drug 

Metabolites iiito tubular fluid Lakes place in Lhc proxi¬ 
mal tubule. ITias process requires an energy source and 

iiitracel Ildar carrier substances, The carriers arc rela- 
lively nonspecific in that they mnspcft either organic 
acids or npik buses, hui their capacity m limited, 

Above it certain concentration of drug in plasma, Ihc 
carrier-mediated system becomes saturated and trans¬ 
put proceeds at a constant rate (obeys zero-order 
kinetics), Imiiik substance* excreted by this process are 

listed in TkMe 3,14 Extensive protem binding doe* not 

hinder tubular excretion of drugs, presumably because 
Ihe drug-albumin complex JiiWHIfllW upon removal of 
free drug from the plasma. CloxaciLLin and ampicillin, 
which are excreted by Ihc same renal mechanisms, 
have the same half-life {Ir2 hours in cows),, even 
though cloxacillin is 8tl c £ bound to plasma albumin 
®nd ampicillin: ii only 20% hound 

Concurrent administration of two drugs I either acids 

or bases n that or substrates for the same earner-medi¬ 
ated excretion process will cause delayed excretion of 
Ihc Less readily transported substance, c.g.. probenecid 
deere4LM.w the rate of elimination of penicillin G and 
ccftiofur by reducing Lubular excretion of tike antibiotic 

( hapmm d ul, 1972; Whniern e( al 1995). Suh- 

\LraEc inhibition provides conclusive evidence that a 
ttUUM process is carrier-medialed. 


TABLE 3.14—Drafts tSicnM by carrkir-niedlialed 
proem In the proximal renal tubule 


Adds 

H, i -<■ - 

Penicillin (i 

lYocainiivuidL: 

Ampicillin 

I'hYp^mine 

CdwAv 

hfaariiyitktf 

SullifiDUHile 

iV-ntcrkvliiicvKi nmnide 

PbenylbUMoae 

^ : UHM^^^ide 

RribmwiJ 

Trimelliciprim 

^NJ^mLn^rflipfHl^lt^. , 

( i lUL'UrillLIL ULld LSfflJULJCUflL'S 

Ethi-I-L'al sUlfaMh 



While a drug may enler tubular fluid by glomerular 
filtration aikd proximal tubui-iu exereLioiL, its rend 
clearance may nonetheless be lew. Ibis sLtuatn»n cod he 

explained by robftautUl reabmptioa laking place in 
like distal nephroi Renal handling of ulkylMe (an 

organic acidv P*. .vLij in dogs and cals exemplifies this 
point. Since tubular reabscwpiion takes place by passive 
diffusion. only the lipid-sol uble noniunized form of a 
weak organic electrolyte can he reabsorticd. The exicnl 
ol rettoorpthn depends on concentratum ol the drug 
and its degree of ionization in distal tubular fluid; e.g., 
weak organic acids are more highly ionized, and thus 
less- well absorbed, in an alkaline Lhan an acidic envi- 
nnueUL "Ihis concept forms ihe: hotit d urinury alka- 
linization and, perhaps even menre effective, the induc¬ 
tion of alkaline diuresis to pn>moteOAttiOd u-f organic 

adds in cuses of ovetdwhgjC. An underlying require¬ 
ment for Lhix dxnpetotic procedure to be effoclive is- 
that a substantial fraction of ihc amount of drug in the 
body he excreted unchanged in tinne; i.C^ renal excre¬ 
tion cofisLitutcs a s-ignificam mechanism of elimination 
for the drug. Ln humans and pmhabiy in dogs^ unnury 
alkalinizalion increases- the excretion rate of salicylate 
(pK 3% sulfiioxjzole tpK 5.01, and phenobarbilaJ 
(pK 7.4), whereas itilllfiCKtkn of urine ha^Len.s- 

removal of unphctuukiK icsiganic buisc, 

The usual urinary pH of carnivorous animals such as 
dogs Jitd cais is acidic (5.5-7.0i, while thai oi‘herbivo¬ 
rous species Ihorves. Cattle, sheep) is- alkaline 
(7.0-9.0). Jn any spcciev, however, urinary pH is 
dependent mainly on dietary habit In humans, ihc uri¬ 
nary reaction is gaKftD) acidic but cu vary over ii 
wide range of pH (5.0-8J), Sust'klillg and mi Ik-fed 
herbivores generally exerete m acid urine: h*:weveT. 
following m^mrity Ihey characteristically excrete an 

alkaliiKr ufitkC. 

Bbjary Excretion. AMbougb the kidney ii iIk 

priiH“ipul iwgan of HCKtln for drugs that or elimi¬ 
nated ooduuigcd and for most Jnig metabolite^, srimc 

compounds use excreicd mainly by Lhe liver into hilc. 
Propemes of a com pound lhal appear lo faciliLalc its- 
biliary excretion include a molecular weight greater 

Lhan 900—SOD -iiiwl presence tsf polar gnnifpt. Ciuijugu- 

Lion w-iih glucumnk acid, which takes place in the 
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bqnlDC^cs, may be the Jetermining Factor for excre- 
[itm of a tlruji. or phase J metabolites and gerteirc 
endogenous, substances in bile. Biliary mention is an 
important clinnination mechanism for oceanic anion 
and cations, chat ;ire Ion polar to he reabsorbed from the 

intestine. 

Some drugs (nfiftiUiti, erythromycin* dL^Eodill). 

inpanoic xid (contrast agent used in clurfeeysiography )„ 

certain endogeiantLs sulntimcei (steroid homiiunes), and 
glueumnide conjugates of a variety of compounds 
(chloramphenicol, morphine, bilirubin) arc excreted to a 
substantial extent in bilk The iddtk importance of the 
biliary excretion route depends mainly cm the particular 
substance and cu- some extent on species, which may be 
grouped together as good (rats, dogs, chickens), moder¬ 
ate (cati, sheep), and poor (guinea pigs, rabbils, rhesus 
monkeys, probably humans) biliary cxcrelcirs 4Williams 

1971), This grouping of aperies is based on the ntiai- . 
mum molecular weight for extensive biliary excretion 
of polar compounds, Species variation in the extent of 
biliary excretion of drugs is likely to occur with com¬ 
pounds of molecular weight between 300 and 500. 
When moteadaf weight of a polar compound exceeds 
500. which may he a glucurnnidc, it will he excreted 
predominantly in bile of all species. The rate of hisle 
flow has been shown to affect excretion of a number of 
subsfcmcw, including bitfirisulfuphthaJciiri and bilirubin 

(Rohen\et al, 1967 ). 

Compounds excreted in bile enter the small intestine. 
Depending m their lipid solubility, some drugs (e.g., 
tetracyclines) are reabsorbed, Olucnrcmide conjugates 
may he hydrolyzed by |3 glucuronidase,. which is pres¬ 
ent in the intestinal microorganisms, and ihe liberated 
compound may then be reabsorbed. This cyck, con¬ 
sisting of biliary excretion followed by reubsnrptioit 
from the intestine, is known as the ememhepsnig circu¬ 
lation of a drug (Fig, 3.15). When a significant fraction 
of the dose undergoes M lte tthq Mk circulation, this 
pnwu delays elimination of die drug, U is usual for 
the drug arid its metabolites to he gradually removed 
from the body by renal excrecko. Encemhepuiic circu¬ 
lation increases the half-life of drugs dut are elimi- 
n.ned by renal excretion. 

(Jnunlitulmg Drug Flirniiuiliun. '[‘he rate of dimina- 
lioil of a drug is dekTmined mainly by the mechaiuiiTiffi) 
of the procss, ll may be influenced by extensive (>8CWfc) 
binding to plasma pnHeiitt, degree of perfusion of the 

eliminating oiganfg), activity i>f nSnig m^iabcili^ing 
-enzymes, and efficiency of renal excretion. Plasma drug 
oonooriradam typically decline according to a fintC- 
nrder rate process, meaning that a constant fiwiim of 
drug is eliminated for each unit of time, In conlnut, 
elimination hy a 7en.>order rate process would indicate 
that a constant jutMjwwflf drug is elimimued for each unit 
uf time. Graphical ly; usi jut ihe same data elimination hy 
ui first-order rate process appears curvilinear when plot¬ 
ted as concentration versus time (Fig. .1.16), hut appears 
as a straight line when ploited as ihe logarithm of eon- 
eeniraiion versus time (Fig. 3.17), 




i ■ ■ -w 



- 



Elimination of 

Drug anti Metabolite 1 


HO. 3 .‘IS Whim a drug tD) is absnrbed fnwn she inU'shnc, 
excreted in ha lie, und reabuirbed I'timh Ihe inMlAC^ ll h» 
imdcijnne eniennhcpiiUc cycling {bqIhJ mum), ii component 
«F dlslvihulwifi. SmnLarfy, when gdnJtE b converted 10 4 

iiiu'inhiilite (M) ih^i U secreted in nkcuivwited hack to 
ilntj! in ihe intestine, and drug i< icaAnoibHl (dashed arrows}* 
Ihe drug hii« il m Hfcrgwc enLerohepaik cycling, in ibis 
case indirectly through a iifo.-iufn.il ice. 



FIG- 3.1 b Mnmuil Caflesiim graph drawing ilrvl-mder 
-fexp:ifiL'viLij.l) decline in pU^mn oixnireivtralBHn nf j drn^ with 
lime. The N5>Jid Mol represent-! die idiminalinn (linear (ermi- 
rub phase of die disposition luj vl-. 


Half-Life. Tltt elimination half-life of a ding, defined 

a.* die time required for the hotly to dimln&re OAfrJmlf uf 
the remaining elmg, in given by 4 k expifevion: 

f, * = (115) 

where fi (somekimeR defined as K i. Use iwcnitl riimirhft- 
don rate constant, IS Ihe negalive value of the slope of 
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RG. 3.17— Semiinpitfcnhe graph showing tint-order 
(exponential! (fectin Lil plzuuu concoaMloQ -of a drug widi 
lime. The aolid line represent* die dEiniikauuu (Icmrar icriiii- 
vtul) pluv cif ihe dispntihiin curve 


(he elimination (liih'sir terminal) phase of [he plot of the 

kafKittam ofcoonoMiH nent tine. A buge value of 

(3 foe Ki, cormpouUng to a short half-life, indicates 
rapid climinuliEin. The half life i* found linipl) by mea¬ 
suring ihe time required for any given plasma conen- 
(ration of the drug to decline by 50# during the ELnuar 
phase of ihe drug cnncenlralion-lime profile flhiscan he 
determined gruphicuJlyt «f R^k 3,16 and 3,17). 

Half-life values of [he majority of therapeutic ugenLs 
are independent of (he dose administered, since (heir 
OVCflD eJiiithsation obeys Unsl-order kinetics. When 
drug absorption lnm» ihe GI tf*Ct or an fafjcctkn si(e is 
rapid, Ihe half-life is iindtepcndcnS of the mule of admin- j 
islrulion. IV injection of a single dose is, however, the 
only foolproof procedure on which Hr huso (he OlVllW 
Eiim of the (rue elimination half-life. To ascertain 
whether a drug ban linear pharmacokinetic characteris¬ 
tics, ihe disposition kinetics should he studied at (woor 

more due tevd*. 

When drug elimination obeys ^ero-order (cortslani- 
ruie) kinetics, the ‘"half-life" becomes pro fr eo Jy cty 
longer as the dose is loomed, and the drug is said lo : 
have nonlinear |nr dose-dependent) pharmacokinetics, 
implying that concentrations al any lime after adminis- 
tralion are noi proportional lo Lhe dose administered. / 
Ihe usual cause of dose-dependent elimination is the ■ 

limited capacity of certain drug-metiiboJi/ing enzyme ? 
systems le g., microsomal glucumnyl transferase activ- i 
sty in eat*}, Malhemalical treatment of nonlinear kinct- j 
la h liwwfibly ampin (Wagner I973]u Hue half-life \ 

of salicylate is dose-dependent in cais (Ycary and j 
Swanson 1973). phenylhulazooe elimination follows 
/erLVLViier kinetics, in dogs (Dayton et al. 1967} and 
hordes (Piperno el al. I9fr8}, and phenytnin half-life is 
dose-dcpendenl in humans (Houghton and Richens 

1974). 

The rale of elimination of a drug is usually an impor¬ 
tant determinant of duration of pharmacologic effect. j! 
In (his context, half-life is used, along wiih the range of I 


TABLE 3.15—-Appl ication of half-life lo esc j ma tt 

f rad ion of tire dose nun a i n i ng in the >d\. 
assuming first-order tltminalion 


Time after dosing 
(multiples cf l |V ,j 

F'ruh/lJLin ul dciM. 1 m diu body 

II 

“i 

\\J2 

m 

3 

im 

4 

1/16 

5 

1/31 

6 

Itfyl 


thenpeutic plasma cwtntnliuk to estimate the 

dnfljgf interval for a drug lhal is given Rpttifidly lo 
maintain a particular effect, e.g.. digoxin (in I real men L 
of COfiJtttiw heart Mime), phenyloin (as an anticon- 

vuluiU). aspirin or acetaminophen (for relief of mild lo 

nkoderute pain), and theophylline oral dosage forms 

(bfonchndllililg effect). When absorption is rapid and 
complete, the mount of drug nemadiirug in ihe kidy ji 
ti xed Li mes after administration of a single dose c:lti he 
estimated from knowledge of the half-life i Table 3,l5) r 

Factors iNH.ui-NONtr Half-Life, Any physio¬ 
logic stale Lv disease condition Lhat ullers either access- 
of a drug lo (he organs of elimination iw aclivily of the 
eliminating mechanism is likely lo cause change in the 
usual half-life of the drug. For drugs that behave phor- 
macokinctieally according to a two- or thrce-compun- 
vnent model ldescribed later}, the half-life is a function 
not only of elimination hut also of distribution. 

In neonatal animals the hiotransformatiori pathways 
iMo e ta te d wiih the nbcmoful drug-metabolizing 
enzyme system (nxidsuiun and nducdu metiom and. 
glucuronic acid conjugation) are deficient. Their cfcvch 
opmenl appears to he hipflask 1 , consisting of a rapid 
and nearly linear increase in activity during, the firs! 
3-4 weeks, followed by slower developmcnl up to (he 
lOlh week posLpartum (Short and Davis 1970). Renal 
function (both rate of glomerular fi.lLratiim and. even 
more so, comer-mediated proximal tubular excretion 
processes) is inefficient in neotiulal animals of mosl 
species, ezduding Ihe bfflrkie (DthoCi 1968Ub^c). Il 
follows, lhal Ihe half-life of drugs eliminaied by micro¬ 
somal metabolic reactions or hy renal excretion will be 
prolonged in neonatal animals. 

Various types of itienakHi between drugs ihai are 
ailmmiMCTcd ooonoihaotly can affect the half-life, 
interference wiih carrier-mediated iranspnrl mecha¬ 
nisms (probenecid decreases proximal tubular excre¬ 
tion of penicillins), displacement fmm binding sites on 
plasma proteins | phenylbutazone displaces warfarin 
from plasma albumin), and simulation of Ihe hepatic 
microsomal drag-metabolizing enzyme system (by 
chronic administration of phenobarbiljl) or its depres¬ 
sion thy chloramphenicol) ore interactions LhuL may 
have clinical significance. Drags iluit alter activity of 
hepatic microsomal enzymes affect like metabolism «f 
endogenous steroids. 
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TABLE .U6—Half-life {hours! of son 

nt rtrujss in domestic animal* 




Drug 


Horse 


CM? 

C*1 

Hepatic metebdiun 

SaUcyhvte 

0J8 

1.0 

3.9 

X.6 

37.6" 

Penrtobarbila] 

0.8 

13 

«• 

4.3 

4,9 

AmpbelnmiiH 1 

6.6 

1.4 

LI 

4.5’ 

6.5^ 

Chloramphenicol 

4.2 

0.9 

1-3 

4 2 

s.h 

Imwctn 

Wh-n 

50-40 

35 

44 

_ 

IkiJatiu nuflabuLisnii and reiul toerdmn 

Sill fad Lme iHh > k i ik 

its 

! 1 3 

15 3 

ill 

m.2 

Sulfadoxine 

11.7 

t4d0 

8.2 

— 


Trimethoprim 

1,5 

3.2 

23* 

4.Cf J 


Cet'tiofur 

It) 

3-4 

6 

3-4 

— 

Renal cscneLinn 

Penicillin G 

6.7 

(L9 

_ 

0.5 


Amptcillm 

1.2 

IJ5 

— 

(LB 


Kanamvcin 

1.4 

1.45 

— 

1.0 

—— 

Oxyletraycline 

9A 

103 

— 

6.0 

— 


'Dfwe dcpcodaiL 

"Eliminated by tupatk mctaboliim aixJ renal excretion (3ft 3531 L half-life ialhcTKcd by urinary phi 
1 Eliminated by hepatic roctabtriim and renal excretion (20%). 
influenced by urinary pH reaclinn. 


Urinary pH tan bfluence the hall-life of a drug for 
which tubular rcab&orp4io7i. a passive nomonre diffu- 
fekM) process, is a feature of Llh handling by the kidney. 
Tk extent of this effect depends on the cancenlralion 
and degree of ionisation of the drug in tubular fluid. An 
alteration of urinary pH from acidic to alkaline reaction 
can reduce considaiMy tlw reabsorpt&oii of weak 
organic acids with pK values within the range 3*0 7.2 
and thereby decrease their hall-life. The converse will 
apply to the excretion rate of weak, organic Iwv 

Increase in the hatf-lile of drugs, which are elimi¬ 
nated in healthy ariiuiuk mainly by rend excretion, is a 
direct and important erm sequence of impaired renal 
function- The relatton&hlp between the half-life and 

body clearance of a drug is given by 

i* = o mi vd^jci,, di6) 

where Y d is apparent volume of distribution of the 
drug and d M is body clearance. When renal clearance 
represents a substantia] fraction of body clearance of a 
drug, the halt-life can he estimated from Eq. Il l, In 
patient* with reduced renal function, increase in dosage 
interval, based on the longer hall -life, w ill offset exces¬ 
sive accumulation and tonic effects that might other¬ 
wise ensue- likewise, in patient* that have an -altered 
volume of distribution. the half-life will be affected 
because (her conoentratiim of drug being presented to 

the organ* ul elimination will he altered. For example, 
the volume of distributinn of gentamicin in neonatal 
animal* is larger due to a larger extracellular fluid vol¬ 
ume in neonatal animals compared with adults t Clarke 
el al. 1985). The resultant apparent elimination half-life 
of gentamicin is longer in neonate* than in adult*. 

Superimposed on numerous factors influencing the 
half-life of a drug in am individual uilTtai are ultra- and- 
inters pec its variations. Considerable variation exisis 

among the species of domestic animals in the half-lives 
of several drugs (Table 3,16}, Although U is not fcasi- 


to rank specie* according to the rate at which they 
eliminate drugs (exptosed u half- life k hflhl w m u 
species (in particular. nimiffcaivt animals.) appear to 
eliminate drugs chat undergo extensive hepatic metabo¬ 
lism (biotransfomatkm) more rapidly than earnivortpiis 
species. Most impressive is the rapid elimination of sal¬ 
icylate in ruminant animals and horses compared with 
the long and dose-dependent hall- life of this drug in 
cats (Davis- and Westfall 1972}. Clinical application of 
this wide variation in salicylate elimination is manifest 
in the dosage interval for sodium salicylate in horses 
(35 mg/kg, IV at 6-hour intervals} ;ind aspirin in dogs 
(10 rng/kg, orally at I2dtour intervals} and cats (10 

mg/kg. orally at 4$t-hour intervals) (Davis 1979}. 

TrimeLboprim is generally used in conjunction w ith 
a sulfonamide, the choice of which docs not appear to- 
be critical in terms of antibacterial action hut is sup¬ 
posedly related 10 iheir relative rata of diminution in 
different species. For use in humans trimethoprim is 
Combined with sulfamethoxazole. .Since both drugs 
have approximately the same half-life (10.6 hours L any 
appropriate dosage interval w i l l] take advantage of their 
synergistic action. Veterinary preparations contain 
trimethoprim combined with sulfadoxine or sulfadi¬ 
azine for use in large or small animals respectively. 
These preparations have been found very effective, 
even though half-lives n:l the trimethoprim and sulfon¬ 
amide do not coincide. Presumably, the dust; talcs rec- 
ommenckd aim M maintaining therapeutic concentra¬ 
tions of sulfonamide with intermittent synergistic 
action of die combination. Trimethoprim undergoes 
extensive hepatic btotraiddimitlon in domcslic ani¬ 
mals compared with humans (Table 3,17), 

The half-lives of drugs eliminated hy renal excre* 
l l*in, in particular by filtration alone, may he shorter 
in dogs than herbivorous species. This observation i* 
consistent wiLh die higher rate of glomerular JtfUaliod 
in dogs. Apart from these general trend.*, the only 



>yrighted m 









4-1 t Section i J prikcvles of muiuauar 


TABLE 3.17- 

-lJuif-iiiv Hind uriaar> fwrtil«i) nf ti'h^tlin^iiii 


Specks 

Average Mil-life 

% dove 

excreted unchanged 
in 24-houi urine 

ftelererieL’N 

Human 

(hr? 

10.6 

47 

Sctiv. url/. ?E al. 1470 

Pony 

3JS 

10 

Alexander and Celled 1974 

Etn* 

3JJ 

2D 

Kaplan eC al. 1470 

Pig 

2.25 

15 

Kielscn and Rasmussen 1975 

Cow 

1 -ft 

3 

ISielsL'ii aikl Katuhusserl 1975 

Gha 

OURS 

2 

Kielsco 4dikl RAdfEMun 1975 


TABLE MS—Overall pharrnaccfclneilts of mtlmkrobial agents in dop 


Orug 


V- 


Proocstloi) of elimination 

Penicillin G 

(mm} 

30 

tmiAtf 

m 

3.6 

F,(r> 

Ampklllln 

m 

270 

3.9 

E{rk 

Tylnsin 

54 

lira 

21.8 

Fib + 0 + M 

RCuhainycaii 

58 

255 

3.05 

Firi 

Genflamicin 

75 

335 

3.10 

Fiji 

Trimelhnpri m 

27B* 

IH49 

4.17 

M + E{r) 

Chloramphenicol 

252 

SUP 

4.87 

M 

SuLf5*ox*zolf 

270* 

300 

an 

l£l r h + M 

Sulfadiazine 

338* 

422 

092 

M * Efrt 

Enraflaucin 

20 E 

2454 

8J6 

E<r) + M 

OtYletncydine 

360 

2096 

4,03 

E(r> 

Sulfwlinipcdkjxiiie 

792* 

410 

DJ6 

VI + Eirh 


Bit) - cjtcna renal excretion. 

M = metabolism. 

Em = biliary excrcciun. 

♦Half-life in fluffed by urinary pH reaction. 


conclusion dial can be drawn is that half-life should nut 
be otrapolaied fmm one species in another. 

Body Clearance. Body clearance, which repre¬ 
sents total ckmiee, is couidend to be a betier index 
of efficiency of drug elimination than the commonly 
used half-life. It is bused on the concept of the body as 
a whole acting us u drug-diiiimaling system and repre 
salts ihc *um of c Icarances of ihe drug hy eliminating 
organ* (liver, kidney*}. Accordingly, body clearance 
may he defi ned as I he volume of plasma cleared of ihe 
drug by various eliminatiun processes per unit lime and 
is expressed in terms of (mL/minJ/kg, The value of this 

parameter can he calculated by dividing the syMcmi- 

cally available dose of drug by Ihe total area under the 
plasma eoneeniralion-time curve: 

Cl. - jF dcwe/AUC (3.17) 

which is equivalent to the expression 

ci ( =o.MJvdjf lfl a.m 

when Ihc drug is completely available HYrtcmically 
(i.c., F — t.O when the drug is administered IV). 

Body clearance dilici* from hall -life in ihul il aHfows 
expression of Ihc rate of elimiiuiuin of a drug in a man¬ 
ner lhat is independent of disposition kinetics of the drug 
O.e., distrlibudon). Tlie terms body clearance and half- 


liic. which is a hybrid parameter, can he distinguished by 
comparing the phurnlucokiiKlics of ainpirillin and 
diguxin in dogs. These IWu drugs have the Kune body 

clearance (3.9 miyminykgK the half-life of ampkilliri is 
48 munutes compared with 1680 minutes for digoxin and 
is influenced by ihe apparent volumes of distribuikui. 
which are 0,27 L/kg and 9.46 LAg. respectively. Il can be 
Ctifteluiled ihat for drugs with u given elcaranei;: value, ihe 
smaller the apparent volume of Jidribulion, the shorter 
the half-life:, Values of the major pharmacokinetic purmn- 
cIcth describing Ihe disposition kinetics of some antimi¬ 
crobial agents in dogs ure given in Table 3.18. 

Since hotly clearance is the sum of Ihc individual 
clearance processes, il can he viewed simply as 


a = a + a 

t r 


(3.1 l Jj 


where Cl is renal clearance and Cl is nonrenul dear- 

p 41 

once of the dime. In the case of a drug Lhat undergoes 
extensive hepatic hiotransfornialiiDn, the nnnrenal 
clearance represent* hepatic (irelLibolic i clearance find 
may well approximate body cfcearance. Fur a drug chat 
is excreted unchiunged in ihe urine, ils renal clcanm 
is principally ihe sole or at leas! predominant compo¬ 
nent of body clearance. Cnnlribulion of an eliminul ing 
organ Lo body clearance of a drug can be de te r mine d if 
I hc“ Auction «tf IV dose cleared by ihc particular organ 
is known. For the kidney. 
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I'1C i 3.1H Semi login titanic graph depicting lime course of 
drug in pl-amu After TV HfannkuHimn of a single do&c. Data 
points represent cxpciiJKiaiftflJ H and residual (□) plmin 
drug c oncer Lrations. Zefo-tinu kmeicepLi of cIm dasinbuiwMi 

afld eliinilkaLiulh phasL's uf lhe hipliaMc Ul^h.imCkwi curve arc 

A and E, ft spec li ve 1 y. 


Cl.-^.CL, (3-20) 


where Cl r is. renal clearance of the drug and ^ is the 
fraction of dose excreted unchanged in the urine. Based 
lhi (his concept, the Cl, of insulin and jHiminohippu- 


race. w Inch are handled hv known reny] mechanism* 
und excreted unchanged (ije., have approx i mal i ng 

I .Oh are used to measure the glomerular filtration rale 


and effective renal plasma flow. respectively. 


PH A RM AC»K IN KTIC AN" AI AS1SL Mm bemutiol 

expression of [he re Lit n Mishap between plasma Gonccn- 
Lratkms and lime following adniiiustRiiion of a drug 
allows not only for the description of the former, but: 
also estimation of dreg plasma profiles following «M- 
lerenl dosage regimens, disease conditions. ;uid physi¬ 
ologic stales. Filiali these estimations, the efficacy 
atid/ur toxicity ol u dreg under these conditions may he 
more effectively predicted. What follows is only an 
introduction inlu> this Held. Other textbooks provide 
substantially more detail (Gibaldi and Ptnier 19HI; 
Rowland mid Tozer J 995 ‘l 


(umpnrtincnEal Analysts. Cnmpariinmtal analysis, 

in which the tody is conceived m consisting of distri¬ 
bution compartments interconnccced by first order rate 

constants defining drag transfer li.c. r constant fraction 
of drug transfered per unit of lime).. is used to describe 
the pharmacokinetic behiviar of drugs , Usually these 
compartments. which ore mathematical entities, have 

m phystotogje counterpart 

Following an IV injection of a single dose of drug, 
Lhc decline in plasma concentration of the drug is 
expressed graphically by the disposition curve. For 
most drugs this curve,, plotted in a semi logarithmic 
manner (i.e., as the logarithm of concentrations over 
Lime), is hiphasie (Fig. .1.18). The initial steep decline 
in the plasma drug concentration can he attributed 

mainly to the combined effect of int in vascular mixing 
and distribution (by passive diflu&km) of the drug into 
iissues and organs of the body. Elimination contributes 

to a lesser extent to this phase of drug disposition. Once 
distribution pseudoequilihrium has been established, 
Lhe rate of decline in plasma concentration decreases 
and is determined by elimination of the drug from; Lhe 
body, iili mural ion refers lo biul ransformatiofi and 
excretion, i.e., the processes lespisiMe for removal uf 
the drug per se from the body. 

[[ is assumed that a drug unreduced directly into the 
system ic circulation equilibrates very rapidly in the flu¬ 
ids and tissues that compose the central compartment 

For many drugs, the central compurnm&nL consists uf 
the blood and iissues of highly perfused organs such us 
lungs, liver, and kidneys. Distribution throughout che 
remainder of the body space available to the particular 
drug (peripheral compartment) lakes place more 
slowly. The peripheral (tissue) compartment may he 
considered to consist of less well perfused iissues, such 
as muscle, skin, and the re men of cattle and sheep nr 
Lhe colon of horses. The apparent volumes of central 
and peripheral compartments for :i drug depend upon 
the eharflcteristies of blood flow to [heir component [is¬ 
sues., partitioning of the drug between blood and tissues 
(determined by lipid solubility and degree id inuba- 
liori). and extent of binding lo plasma proteins and [is¬ 
sue constituents. An assumption associated with com- 
{wimcntal models. is chat drug etiiminaikm takes place 
exclusively from (lie central compart menu Further¬ 
more, distribution and elimination processes avwcialed 
with Lhe model are assumed to obey first-order * 1 kinetics. 
Accordingly; Lhe rate at which a drag is removed from 
a compartment is proportional to eaneeniralion of the 
dreg in ehe iromjparinunt. 

It is usual for drug coneentralions in plasma and 
those organs and tissues that contain a significant frac¬ 
tion uf the total amount uf drug in the body to decline 
in a parallel fashion. The linear terminal portion of the 
disposition curve is appropriately called the el hni na¬ 
tion phase, and I mm its slope ( fl/130)) is derived the 

half-life of the dreg. The ejttrapobiiedl UKHime inter¬ 
cept of ihe elimination phase is denoted by Lhe letter U 
and is expressed in units of ooneenwiiikin, Resolving 
the hiexponential disposition curve into its components 
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by dK method (t^lllh. I llljjj ltrL-hltK|UC t 

yield*. a xemnl linear HgmHi called ihe distribution 
phiLvc ^RcaifclarnS -in*] Tokt 1995) The distribution 
phase has 3 . dope oF —«/2. l0?i aod ji zero-tine iiitnqM 
designated A If i he ordinate of ihe semilftgjriihmie 

graph w-ere in natural logarithms (base t*), the slopes of 

the iwi> exj^aieroiiil pha*e\ of rhe deposition curve 

would he simply -a am) -|i, 

The- ditpos.il ion curve is described mathematical]} 1 

by the hiciponenlial equation 

c^Ar^+Br* {3,21) 

where C is iiw OQBWMiflB of drug in she plasma .ar 
time f (in minuLct): ,4 and If arc interrept terms with 
dimension* oi mttdtfllidd (g/mL); ft and ]i are lhe 
overall dit.LnbuLi.oBi and elimination rule constants, 

rcspttiively. which are expressed in unit! of reciprocal 
lime Ce.g. B min B ); ami e nepresenis ihe base of lIm Bat¬ 
umi logarilhm. In drug ditp oa hk o studies ihe neffi- 
cktax (A jBi and [he rate convUmLs (a, fi) lire calculated 
from the experimental dula by nonlinear least-squares 
regression analysis. The sum of A and R gives itw ini¬ 
tial ooocffltntHn of drug in ihc pUsmu (CJk 
The two-eomparLmcnE open model 4Fig;. 3.19) ade¬ 
quately describes ihc disposition kinetics of mosc ther¬ 
apeutic agenls in humans and animals. Values of Ihe 
actual ptearmaenk inctic rate commits {k^ fc 2l , Jt # J can 
he calculated from Ihe derived hybrid ccntxnlJ [A, R r 
cl, p$K l?y means of appropriate equations (Ricgclman el 
al. 1968: Baggot 1977), The absorption rate constant 

after ratravasrular administration, k . can be cslnmaled 

r ( r 

from ihe data idler determining Lhe hybrid rate con¬ 
stants. DttcnnkubQB of Ihe mirroconslanls pennies 
as-scssmem of ihe relaiive eontrfbation utf distribution 
and elimination processes (either or both of which may 
be altered in disease slates or, possibly, by concurrenl 
iidministniLton of more than one drug) lo disposition of 
a drug. 



ITG. 3,19- Mwnic diugnua of ihe [^^i-svfiip&nitienL 

open iruHJet. Iliu iIjuk' l \ i nSn.illuuedi Jiilu Ihc central CtrfttpVL- 

ment. where it eigulibniJc*; alnuMi inviaoiLifK Liiith; DLiinhu* 
lian between the crntml and peripheral cnmpiirtmenis tik.es 
plu non ilawtyLl^ and & 2l are first-order rale emboli 
for drug innislfB hi.-tweco ihc two compartments. EJLminaliun 
is assumed- lo lake plime ciclumely I mill llie ULuCm] omn- 
(xulmenl: 4 i E the aA»>orpli>'ini naif mnvtzuit fnnn Ihe cslravus- 
ealar sile oJ admiautariai and t H is ihc Firq-Lirdcr rate cun 
mm Utt drag eliminauoii from die cenlr-al ccimponmenl 




While a bie-xponenlial expression describes the 
plasma comeniLraLion-Lime course of most drugs given 
by TV ii^edkn, llie dispiHvilion curve fur sumt drugs 
Can- be apprirviuuled uiallKiuLrlieally by the monocs- 
pmleibllal equation: 

C = Befr 0,22? 

■ 


when B is dte ZM-llnu iokentpl Of the e^lrapudaled 
ftm-oeder decline in rhe plasiroi drug caftoatndod 

with lirne, dtld p is the apparent overall elimLnalion rule 
craflliflf of ihe drug. The value of B is an ettharte of 

initial COKCflUStlAA sif ihe drug in plasma, based un- the 

pt^mi-sc thnt pscudodistrihuEiLHi equilibrium ij iutantly 

or at Ecasl very rapidly aLtaineil. Eq B 3,22 can also he 
appln^d Lo desenhe decline in pLicsma drug concentra¬ 
tion during ihe pusluhsorptinn phate foELowing IM, SC!, 
or ora) udminisiniliijii of Lhe drug, When the rate of 
Hibsurptiuu is slower than the rale of elimm^lion. the 
decrease in plasma concenLraCn.ms is germed by the 
absurpeiun rate, a phenomenon Icrmed flip-jl&p phar- 
mucokinelics. 

The phamiLWnkinetic bduvur of drugs that haw a 
high affinity for a particular tissue f]ieTti4ips i-limugh 
.selective binding) or undergo redutnbotioA is best 
interpreted according lo a chree-companmcnt open 
mndel. The following mathemalieal expression 
deserihes ehe iriexponcntiaJ dkptwilion curve: 

r = Ar® •+ R* * + cr* p.23) 


AlEhough the experimenSal cofistonls i.A, R. C u, P. V 
may he alcdlkd by iterative leasl-squores I incur 
regression in conjunction with like UKlhod of residuals 

for determining dislribulaon und (edistribulion phases 
((termed curve -stripping Ihe best method for deter¬ 
mining ihc^e consLiJiiLs is les fit lhe disposition curve by 
nonlinciir teiist-squures regression analysis, l"here ure 
indications that the ihree-eompartmcnt open model 
may be necessary to completely chanicteri/e the plmr- 
niucokinetk' pcofilt of diguxiu i! Kramer el al.. 1974). 
pentUDClK (Vaughan and Becfcotl 1974) g and 
diarep«in (Kaplun el aL 1973) in humuu; uk-yietnicy- 
cliBiu in dogs, i iBsgi'fii cl al. 19771; ^ulfadnxinc in 

hordes (Rmmimn Cl al. 1979); sulfadiinclboxine in 
cattle iBoxenbaumct nl. 1977): und gentamicin in var¬ 
ious species (Brown and Riviere 199)), 


Noiiccimpartinentidl Analysis. Because artificial, 
mathematical comparlmenLs Ihiil have direct rehl- 
lioiiship In physiologic spoc-cs- within lhe animal are 
confusing at limes, a method of quandlating Ihc same 
pharmacokinetic terms dial da have physiologic rele¬ 
vance ifVd. fig i „) has been dtfhtd. In ^h^^ IpflRMCt, 
called nonctmiparlmeutel analysis (MtflilKS H99S), rhe 
plasma CMttflWiOfrtiDe profile nr CUTVC is dOflCftbed 
to tertiis of slopes, heighei, \\r^, and momenu 
(SHAM), The pKviou phanMUkilHtac cqaatirms 
(Eqs. 3,21,3.22 P 3.23) can be gmmhscd ns follows: 



(3.24) 
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where the C and X. icptneiU the heights and slopes- o( 
the n different linear terms thut sum together l. denoted 
by the £) Id describe the plasma Donccnlratijoni over 
Lime #. M one Dr mewe of Ihe linear Germs describe the 
appearance (eg., absorption) of drug in the plasma, the 

height term is negative (e.g., -C), The AUC and 
AUMC are then described as follows: 


AUC = 



0.25) 


n 

AUMC^ ^ 




r.V2fr) 


From these SHAM v-ulucs, any of Ik respective half- 
lives and Vd_ ^ can he calculated: 




0 

AUC ■ JL, 


(3.271 


Ck^iriLinx'. Vd . iind bitauvailuhility cun be calculated 

its previously dk^ribed (Eqs, 3.8. 3. L3. and 3.17). 

Thus, the viial pharniaeolLiocliv values 1 hut can he 
related to physiologic suites or pathologic eolidititnis 
can be obtained using either corn part menial or non- 
compiinmerual analysis. The biggest limitation to non- 

eompiirlmental analysis lh LbaL no Inference regarding 
drug localiiEiiJLion in the body cun be made, whereas 
companniieniiil analysis provides uiider^LLuidiiRg of 
whelher drug reside* primarily within or uut-vide the 

plasma end whether mm tighily bound drug exists 
the bloodstream in peripheral tissue*, 


SOME ASPECTS OF DRUG DOSAGE. The term 

ii(M# f D) in dimply the amount of cl mg iuJnii nistered to an 
animal at any particular time. The term {apfunum dose is 
a hasEnrical term used to estimate the amount of drug 
that, when administered by a. partknlar mute to a, certain 

specie^, is most likely to p reduce a certain intensity of 
response. The desired response is almost invariably & 
chcrapeutiecffeei- Clearly, there is no one optimum dmc 
for every animal, due ro the biological variation associ¬ 
ated wiih. the phamnacokinetw^ and phanitimeLKlyniUuies 

Lit" the drug from animal to ammali. In Formation oh Lame d 
from clinical studies lends ^upport to the hypothesis dial 
the intensity of effect produced by a drug is. prone closely 

cmnsliiCed with plasma cnncenlralmns of the drug than 

with dose adminktered. Simply described,, this, is 
because ubservalitm of the plasma eonecnLralbns has 
already taken Into account much of the variulitMi assLAi- 
uLed wiiii the phajmaculcinetits erf" (he drug. This reflects 
Iht! situaitOfl [\m OLUStt after pseododislribifl inn Inis been 
attained, in that the tissue drug concentrations and 
plasma conLcntratinfis, although not equal, decline in 
paralld for most lllerapeulk: agents, The validity of phar¬ 
ma cokiiiciie imsdkiiutis bitM'd soldy on plasma drug 

concentrations is critically depended on the assumption 
ihat Lhts ratio is relatively constant in any given species. 


Knowledge of body clearance of u drug essential 
for determining the dosing rate (dose per unit time) that 
would he required to produce a given average sleady- 

scyiie eortetiHfacicifi of the drug (Cj: 

FDfz ■ CC1 # (3.28) 


where F is the fraction of the dorse absorbed, D, Ihal 
enters ihe systemic eireuLmion intact, and r is ihe 
•dosage interval. When the mode of admin iMrutum. is hy 
continuous IV infusion, Ihe right-hand side of Eq. 3.2b 
gives the infusion rate that will gradually achieve a 
desired C u of the drug. Following a period of infusion 
equal to 3,3 tunes rhe baJf-life of the drug, the plasma 

conccniralion will have reached 90% of the eventual 
steady-state i plateau t concentration. 

Drug Administration. Medication may entail □Umin- 
istration of a single dose 4atropine or morphine when 
used fur preuneschetic iiK p dircalioil u thiopental given as 
an IV bolus duse for mduclion of anesthesia) nr multi¬ 
ple doses ul rived time intervals (chronic dosage of 

pbttiytmn and/or pheisjobarbiRal for prevention of eon- 
v tilsive seizures,, use of digofcin in treatment of emigcs- 
tive head failure, pbenyttsutazorw therapy lor manage¬ 
ment of lameness in horses, treatment of haetetial 


infections with aniiniiernbial agents). The dosing rate 
off a drug refers to the dose per unit time i'dWdoN?ige 
interval, or DtX i. When Rhe drug Ls administered 
esRravascularty« the systemic availability (f) of drug 

from the dotage rimm (preparation) administered must 
be taken into account in ealeulating a dosing rate. 

The mcjst reliable method of drug do^iage involves 
tilralion by ihe therapcuLie i^pome of the patient, 

which requires that the intensity of the pharmacologic 
effect be quantiifiable clinically. The continuous IV 
infusion technique is the best mode of drug adminisirtb 

lion for allowing adjustment of dose according to 
response. In antimicrobial therapy, recovery from bac¬ 
terial infection is the beet indicator of effectiveness of 


treartmcaiL A sailsfnclory iCspooK would indicate that 
ihe antimicrobial agent had been given at an appmpri- 

iUe dicing rate and for an adequate duration. 

Therapeutic Plasma CoflnnRnffkiM, Mkjor faeiofs 

that determine eonoeniiulim of a drug in plasma 

include the *i?c of ihe diise and the dosage regimen, 

formulidion of rhe dnig praparailon. route of adminu- 
tration, systemic availability of the drug substance iMid 

i K rate of abwfptnn, extent of distribution uud plasma 
protein binding, and rate of elimination, |.n mldition to 
these faclure, drug accessibility, which usually involves 
Ussue peineLnittufi, lo the site of actitm influences crai- 
eenlratiDii utliiinfid at ihe receptor, w hich along, w idi the 
ndindly and mlrinsn: adivily of ihe drug for the recep¬ 
tor determines die intensily of respopsi el idled. With 
an appreciation of factors inherent in qtuiiiiuiiively 
relating phamniiculogiL" nesponse lo pliLvma coocenlra- 
tknte K ihe value of ihe phfflU drug eancentralim range 
for n iheriipeuLie ageni (or even for m ariXirnktobiuil 
drug) cun be sera in perspective. 
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FIG 3.20 —Schematic representation of Hit incidence (ft) of ineffective therapy; effective therapy, retinue side effects, ictinus 
toiicily, and "rherupeutk effectiveness” by dose on planiui cca^fnlnn. ( Adapted front Gkiia and Arche son 1973d 
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Drug 

Thefapeum: plain u coiicen irauoiis 

Principal pharmacologic effort 





Sal icy laic 


25-100 

Analgesia 



200-350 

Amiarthriik 

AcvLinm'R^j'hfn 


10-30 

Ana l g c % in 

['Lrila/miiie 


0.0-MJ. J 6 

Analgesia (ccstnl) 

Phcnyloin 


IO-2U 

A ill aunv lit sunl. aiil mrrli y llun i e 

Procainamide 


4-m 

Anii-nntiylhrnk 

Pith: uiruutii tie + .'V 

;i>. '.:l] pmejiuujiiidu 

20-30 

Anikirtaytiimie 

Pri i prn nw -i 1 li If 


o.nj-o.os 

|V :ii_lrL' iil'Ti'u - ’hlnt/laidc, anl i.Lrrhylhnm' 

F%i*in 


(H6-2.5 1 ng/mL| 

Ptasdti« inotropic. rhythm stabilizer 


The therapeutic (safe and Effective} range of 
plasma concernrations for a drug is defined by care¬ 
ful clinical evaluation (which often entails precise 
physiologic and biochemical mraisurtmcriLsI of (he 
respetnse in i\ uiffk-rcm number of appropriately 
selected individuals. Definition of the iherapeutic 
plasma drug concentration range relies on elucidation 
of (he concentraliofl-effect relationship as well m the 
CDOceairallM-ioKiciiy relationship (Fig. 3.20). As- 
can be seen from chc figure, iherc is a miuilion from 
therapeutic concernrations to noniherapeulk concen- 
Irations, rather than a clear demarcation between the 
(wo. The tentatively accepted range and the principal 


phaniiacologic effect of a variety of drugs are given 
in Fable 3.1,9- The effective range of coocentratiooa 
may differ with (he therapeutic indication, as with 
salicylate. The effective concentrations and width of 
the therapeutic range might he considered co reflect 
inherent activity and relative safely of a drug respec¬ 
tively* This statement must be inlerpreled witil cau¬ 
tion, because chronic administration vi some drugs 
allows tolerance to develop or a side effect 10 assume 
prominence, The principles a^ocitued with applica¬ 
tion of lhe therapeutic conceniratiM range as Lhe 

W.i\\\ fur G&fiihli&hing the usual dosage regimen are 
Lhe same for all pharmacological! dlfttS of drugs. 
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Application of Phireniiw&Mirik 1 * to Dosage. Drag 

disposition ssudbes provide the date ixctuu} for cal¬ 
culating the sire of dose that will produce m therapeutic 

effect few ±i certain lime. The dose {or dou level) in 
mg/kg represents, the product gf desired plasma con¬ 
centration and the apparent specific volume of diatribu- 
lion of the drug (Eq. 3.14). ITie margin of safety < ther¬ 
apeutic index) and rate of diminution ttmlf-lilel of a 
drug are factors limiting I he dose si re acid of 

action respectively. 

Assuming that elimination i s. first-order and the 

metabolites are pharmacologically inactive, dural ion 
of a therapeutic conceal ration of a drug, fC lfeCT , is given 
by 

iC m * mAJAJH ■ i„ (3-29) 

in which A pl is the dose admi nistered. A nn is the roinh 
rnally effective dose, and r lid! is the apparent elimination 
half-life off the drug. It follows from Eq a 3.29 that geo- 
metric increases in dose iniiiiirmum effective dose times 

2 , 4, 8) produce only linear increases in duration of 
therapeutic plasma concentrations (half-life limes I B 2. 

3, respectively). The lunger the half-life of a drug, the 
Linger I he dural ion of drug action for a given dose 
rat io. The tolerable Limit of geometric increases- in drug 
dosage is- determined by the dose-related lankily of a 

particular drug. 

Since effective use of antimicrobial drugs relates to 
their action on pathogenic microorganisms, hath Ihe 
mierobiologic t quantitative susceptibility) and pharma¬ 
cokinetic properties of these drugs must be considered 
in calculating dosage (PfCSCOtit and Baggoi 1993). ilie 
potential of an antimicrobial drag to produce adverse 
effects may vary with the animal species. Tile success 

of antimicrobial therapy depends on the attainment of 
effective drug concenCratitnls at the site of infection. 
This, requires that dosage he appropriate for the drag 
preparation (phuniiactuticul dosage form) selected. 
Except in severe Infections when intravenous admhais- 

(ration is requi red, it is usual to administer antialiicri>- 

bial drags by other routes. The route selected (oral, IM 

or SC injection) depends on the species of animal to be 
treated and the dosage forms available. 

I)fksag.c Rejiinieia. In treating diseased animals, ii is 
usual to administer multiple doses of the therapeutic 
agent ol intervals appropriate for the drag preparation 

feketod. The variables (sl» of dose find interval 

between successive doses) arc described hy Ihe dosage 
regimen. the objective being to maintain plasma con - 
cenlratioms of Etie drag within the therapeutic range for 
Hie duration ol treatment. Such is the cuw with many 

kinds of drags! that affect mammalian physiology («.g H 
drags iffeciir tg the central and peripheral nerwu* sys¬ 
tems) and same kinds of iuntimk-robiiiK (cwipoufids 
such m ^-lactam antibiotics which kill bacteria based 
upon the lime t hat active drug conveners ion* remain 
above the minimum inhibitory* concentration, or MIC). 
The C uuk in the scram or plasma determines the rate of 
penetration -and concentration Attained :it the active site 


(Bcrglll 1978) and can be a critical predictor of ctfi- 
cacy for antibacterial agents chat kill bacteria in a eon- 
ecnsrarion-depcndcnl fashinn (e.g.. aminoglycosides). 

In management of disease conditions other than bac¬ 
terial infections, the first decision is whether U admin¬ 
ister a drag. When making this decision, one must rec¬ 
ognize ihal drags are potentially toxic substances that 

are likely to produce a therapeute effect only after cor¬ 
rect diagnosis and when adntifustned in proper dosage. 
Effectiveness of therapy with a drug can he greatly 

influenced by formulation of the drag preparation 
(pharmaceutical dosage form). The range of therapeut ic 
plasma concentration* is (he only feature of do*mpe esti¬ 
mation that can he assumed to he constant in different 


species- Size of ihe dose depends on apparent volume of 
distrihiLkin, while dosage interval is related to (he half- 

life of the drag. RcfMdkra of the drag dosage form and 
route of adminisiration, body clearance is the pharma- 
cokinectc parameter that dictates the dosing rate. Since 
clearance, volume of distribution^ and half-life vary 
among species, it i& reasonable to conclude that dosage 

regimens for most drags can be expected to vary. Tbe 
markeddiffcrraiocs in dietary habit and digestive system 


of domestic animals will contribute to variations in 


bioavai lability of drag> from oral preparations. 


Steady-State Cnm^iilmatiurL. Steady slate is defined 

as the time during which concentrations remain stable 

lht consistent from dose in dose. For continuous infu¬ 
sion, steady state is the time during which concentra¬ 
tions plateau; for intermittent dosing. Lhe plasma con¬ 
centration al steady slate fluctuics over Lime within a 
dosing interval. but the conccntnUaon-timc curve is 

su^rimposablc from interval to interval. True steady 
date is asymptotically apiwo^ebed aa dosing is eontin- 
tied at ihe same rate, with 90% of steady state achieved 
after 3 3 apparent diminution toJf-Iives, 95 r T within 5 
apparent elimination half-lives, and. 99% within 7 
apparent elimination half-lives. As m example, the ter¬ 
minal half-life of derfuroykeftkrfur H the active im-iabiw 
lite of ceftiofur, is approximately If) hours in cattle 
(Brown cl oL 1991 L Therefore, concentrations are at 
approJurtiOMly 90% of steady suite after 53 hours- oi 
any particular dosage regimen and are virtually at 
steady state after the first 3 days of dosing. 

The steady-stale cnnccniruilion of a drug can be 
achieved by various- methods ol admin istraEton. One 

way k to ad-minister a Loading (priming) dose, usually 
parenteraUyu and continue ^ iih fi series of maintenance 

doses at regular intervals | l ; ig. 3.21). The loading cUihc 
provides an amount of drug in the body that produces 
an immediate died, in essence immediately producing 
steady-slate caucuiitratiuus that arc mamlamcd by the 
mainDeflUnoe dose. The decision as to whether a course 
Of therapy should be initialed With a loading duse 
depends on the urgency of treatment and half-Liife of the 

drag. For drags that have a long half-life (dLgoxin) and 
for anlimtcrobnil agents ch-ic exert a bacterio$lAtic 

acticm (sulliHvainidcs, tetracyclines, chturamptienicotj, 
Ihe lauding approach to dosage is desirable. Jn Lhe ease 
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cither rapidLy hy giving a loading: ijhsse tfSjT Of piadraTjy by wcuniiikiLinri ihniugti reptfan-d admin islraliLirt nf Hit: main Benance 
dose (D M JL Both methods will yield ihe Mime Keh^^Dc Iwh, Upon ccsMlkifi Of fe^gc, ihe drug will tw^mmated'C^po- 
neniiaJl y at ihe sue raie us after admi nuMkn of a single dose. 


of digM-in, which has a narrow margin of safety, the 
loading dose is given in fractions at short intervals 
rather than zul a Handle dose. The loading dose (D f ) can 
be calculated by Ihe following: 


d l ■ (Vd/f) - c _ o.m 


where D t h ilk- loading dose and C m ^ is the maximum 
therapeutic vomnlMion dksired al steady slfftt, Typi¬ 
cally, ii loading dose is n m needed unless the interval 
between doses is much logger than ihe r Eti! and rapid ini- 
Limitm of diet live concentrations is required. Pitfalls 

of a loading dot® all relate jo rapid acWevemeni of high 

cuncentniLkin* and include Increased probability of 
acute ioxicitte* {especially 1 CMS loMcities), ineemven- 

ieni dosage sij.es {volume of injeclkm or number of 
tahicts or capsules), nod preclusion of adaptation nn the 
part of the animal to any altered behavioral or cognitive 
function 


The same steady-stole concentration can be achieved 
gradually by accumulation,. without a loading dose 

(Wagner et al. 1965). This method simply entail* 
administration nf a fixed dose repeatedly at constant 
intervals (ihe maintenance dose. Of ft u ), The /), r 
required In mumlai n cOACefltniions within (he Ciirgel 
therapeutic range (i_c., between C and C _ ) is cal¬ 

culated by the following: 


D u - (Vd IF) - lX’ u _ - C nm J i 3J l) 

■ 

The interval between D M required 10 maintain WfiSO- 
t rat irons within the sherapeutit range (T u ) is calculated ax 


CM2> 


Based on this concept, Ehc average (meajrt steady-stale 
plasma concentration nf drug, C + can be predicled: 

C tt = (F-DWC \ B %} <3.33) 

where F is the fraction nf the dose, IX that enters the 

systemic circulation intact: Cl^ is body clearance nf the 
drug; and t is dkjsage interval. This relationship holds 
true lor any route of administration and phaimacoki- 
nefit! model, provided absorption. dislnfeuLkui. and 
elimination of the drug can he described by a set nf lin¬ 
ear dill erential equations. By administering fixed doses 
repeatedly al intervals, each corresponding to Ihe half- 
life Of the drug, a steady-sCate concentration should be 
achieved after six doses. To foster owner compliance 
with drug adminisiraiicirn* a dosage interval of 4, t r 8, 
12. or 24 hour*. depending on duratkm of action of chc 
drug, is normally recommended. 

A iliind method of attaining. sieady-siaic conccnlra- 
lions of a drug is h> continuous IV infusion al a con¬ 
stant rate {zero-order input L 'rhe Infusion rale. R u , that 
will gradually achieve the desired plateau (steady* 
state i concentration of ilk" drug in plasma is given by 

» C P *3.34} 


where C and Vd t arc the plateau plasma drug concen- 
Iratmn and the steady-state volume of dislribiukui., 
respectively, andi p is the overall diminution rate cocn- 
sUutt of the drug (as defitted in Rq. ,1.11). The alternate 
techniques for establishing a plateau concentration are 
described in the action on drug administration (IV 
injection). It is sufficient here to say that the plaleuu 
can be achieved either rapidly (by simultaneously 
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administering an IV priming dose and starting the infu¬ 
sion) or gradually (by iitfu-rijlg the drug iU a constant 
rate). The magnitude of (Ik plateau plasma concentration 
dqpoidfi upon the infusion rate, value of jl and volume 
of distribution, Since pharmacokinetic terms arc con¬ 
stant fur it £|W0 drug, the rule of infusion determines the 
plateau corleeitlialioil Doubling the infusion rate leads 
to doubling in magnitude of plateau cocncenlralinn but 
does nut influence the rale -al which plateau concentra¬ 
tion is attained. Canlinuous IV infusion ol a drug attains 
a *teady-sLate at a rate that depends only upon the elim¬ 
ination role constant ipj or the half-life (Q.&#3/|B) of the 
drug. After infusing she drug for a period corTesjpnnding 
to four limes the half-life, the plasma concentralKKn will 
be within 9M of Lhe eventual steady-stale value. Con¬ 
tinuous infusion Of a drug dial has a narrow- margin of 
safety and short half-life value offers line distinct advan¬ 
tage of conLn.j'l over Lhe sUeody-stale concentration, 
which remains cufi&tanl when attained. Upon lermi bal¬ 
ing the infusdon, the drug is dim mated by CirM-order 
kineik-s and al tine same rate as that following an IV 
bolus dose: i.e., the half-life is the same. 

Administration of single doses-of a drug at specified 
dosage intervals gives lluetuations in the steady-state 
concenlratkiirs around the average value (Fig. 3.21 ), 
Tie extent of fluctuatfon may lie considered to repre¬ 
sent the Fraction of Lhe amount of thug in the body that 

is eliminated during the dosage interval. The value of 
this temu/j, is given by 

/ d =i-r* (3.35) 


where |3 is the overall elimination rate constant of the 
drug and x is the dosage interval. When the interval 
between successive doses corresponds to die half-life 
of the drug, the nmt of fluctuation in steady-state 
ooiKcniratkwLs is 50%. A dosage interval of twice the 
half-life would erne a 75% fluctuation in steady-stale 

plaMtia concentrations. The wider the fluctuation lhal i s 
acceptable for a drug, the lunger lhe lime (in terms of 

half-life) that may elapse between successive doses 
(RaggcU 1971), In clinical practice, choice of dosage 
interval usually represent* a cornpamii.se between the 
need for minimizing the exient of fluctuation in steady- 
state concentrations (based on the therapeutic concen¬ 
tration range of ihe drug) and the inconvenience of fre¬ 
quent dosing. In veterinary medicine a dosage interval 
of twice the half-life might he considered suitable for 


most antimicrobial agents, analgesics, and ami iconvuh 
sanl drugs, Digoxin. which has a narrow margin of 
safely, is. given to dogs si 24-hour intervals. The half- 
life of digoxin in normal dogs (mean i SD, n = 7) is 28 
±4 hour*. In azntcmie animals ihe (total) body clear- 
Lince of Ihe drug is reduced sjgnificantly jClierke ci al. 
1978), The range of therapeutic serum concentrations 


is narrow’ (0.6-2.5 ngftnL), with evidence of toxicity at 
concentrations exceeding the therapeutic range. 
Because systemic availability of Lhe drug can vary 
widely among different oral prepuniiiuns. the same 


digoxin product should be used mntiiuiou&ly lit an ani¬ 
mal on maintenance therapy. 


Sl?jc of the maintenance dose, which replaces the 
amount of drug eliminated during the preceding inter¬ 
val, depends on the extent of Fluctuation and can becaJ- 
eulated in the following manner as well as from Kq. 

131: 


D* = ll -/ d (3.36) 

When the route of administration is other than EV, an 
appropriate correction must he made few systemic 
availability of the drug from lhe particular dosage 
form. 


INTtKSPEiltS SCALlNtr. Several approaches 
exist to adjust drug administration from one animal to 
another, even from one species to another. These 
approaches range from adjusting the dose administered 
by body weight to adjustments based upon detailed 
informaEion regarding physiologic differences, belween 
lhe animals. 

Body Weight, The simplest approach to adjusting 
drug doses from one animat 10 another is simply to 
dose on a body weight basis. This approach will tend to 
underdose smaller animals and overdose larger ani¬ 
mals. due lo the mure rapid metabolic rate in the former 

on a body weight basis. However, for most therapeutic 
agents, the therapeutic margin (range between effective 
dkjse and toxic dose) is sufficiently large lhal such dis¬ 
crepancies are clinically irrelevant. 

Body Surface Area. Dosing based on body surface 
area is a more precise method of sealing drug adminis- 
Ination fn.uri one animal to another. In general, body 
surface area increases more gradually than body weight 
(proportional to volume), a fundamental principle of 
geometry of 3-diiiwnsiuniil objects (e.g., a 1 cm cube 
has I cm ! volume arwi 6 cm ; surface area, whereas a 2 
cm cube. 2 H 1 X 2, has K cm 3 volume and 24 ercr sue- 
face area, volume increases eightfold- whereas surface 
increases fourfold). Many cancer chemuthsrapeulics 
and other drugs with a narrow therapeutic range can he 
effectively scaled across different body weight individ¬ 
ual^ with in the surnc species based on body surface 
area nomograms, Pragmatically, few veterinarians have 
body surface ju'ea nomograms for their patients, and 
body surface area rKMWgrams are unavailable for many 

spun. 

Allumctry. Fur aUometric phaimacokinecic sealing 
across species. pharmacokinetic profiles are described 
fur -several different species across a broad range of 
normal body weights, using a similar type of pharma¬ 
cokinetic model. Then, the pintfmaciifciiielic pcinimr 

lers of the model arc scaled by the following equation: 

Y = tiW' (3.37) 

where ¥ is Lhe pharmacokinetic parameter of interest , 
W ls body weight (usually expressed in kg), and 
togfo) and b ure the intercept and slope, respectively. 
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□hand from ihc plot, of logf F) versus log( IV). This 

equilkn describes a power (bcboii, 

Alloinelric scaling is ncienlifically moled in lhe 
paradigm th;il metabolism, as well as many other 
physiologic functions, is normally higher in small 
mammalian species than in larger mammals (Mnr- 
den Li l.yftfr). Orean weights, blood flows to organs, 

head rate, and cardiac output arc larger I when nor¬ 
mal ired by body weight) in smaller species than in 

larger species. Since physiologic processes such as 

these govern drug disposition and elimiiaatioju it is 
entirely rational that drugs highly dependeni on organ 
weight and Maud flow s can lx; scaled accordingly. As 
4Mi example, when evaluated on a time bi\m, eefti* 
rosime half-life ranged from less than 15 minute* in 
l he mouse and approximately 20 minutes in the rat to 
nearly 90 minutes in humans. When the differences in 
basal mctaholic rate were factored in by describing 
ceftizOKime half-life in heujlbeiil%, all of the species 

evaluated (mouse, mi. monkey, dog, and human) had 
50 r £ of the drug eliminated in approximately 7300 
heartbeiU* (Mordent i 1986) (Fig. 3,22). Jezcqud 

(I994li evaluated fluconazole pharmacokinetics 
across several species (mouse, raL. guinea pig, rabbit, 
cal, dbg. and humans and reported very strong allo- 
nletric relationship* forCI^ Cl v and diminaLion half- 
life iFig. 3.23). He noted that volume of distribution 
corrected for body weight wa> relatively constanl 
across ibe species, consistent with (he notion thal 
I i me- related pharmacokinetic properties ®lOf 
rather tha.ni time-sialic pharmacokinetic parameters 
(volumes), are most altered across species and cannot 
be simply corrected hy normalising fin body weigh!. 

Aiii.plHiCeri.ein B Ilu> a, :>i imJ lic iillrripCtii’h- Mailing 

profi It (HutehikeMia ce ul. 1996). 

Using the Food Animal Residue Avoidance Data¬ 
bank. Riviere ei ;■ I. (1997) evaluated the half-life of 44 
veterinary drugs by thte allametric method. Eleven of 

Ihc drugs had half-lives lhat significantly correlated 
with inler^pecles body size. These drugs were mostly 
antibiotics, and were drugs with primarily renal eserc- 
tiiin, drugs in which their metabolism is dependent 
upon hepatic Wood How rather than enzyme capacity, 
and low plasma protein binding, Fourteen of the drugs 
clearly did not have a significant comrLul ion across 
speeies, owing to .either eupadiy-lirniled metabolism 
and/or high plasma protein binding- The remaining 19 
dreg* may have had insufficient data to determine a 
significant relationships or may not be good auididates 

ftiff allometric sealing, The general conclusion is that 

drugs which have low- protein binding mi are elsmi- 
luited either by renal roeehaii terns or by flow-limited 
metabolism are likely to beuealable across species with 
ehc altaiVKtric iffprach, 

The physio-logic approach to interspecio scaling 
uses organ weights and organ blood flow's to describe a 
complex hiydriiulie system which can be tailored to 
each species. This approach is ireitieiidoiisly useful 
when concenirutions prcwnled Eo specific organs are 
important, as, is ihe cil^c with many cancer chemother¬ 
apeutic agents, Thte is v very datii-immsc iipprnueh and 
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FIG. 3.22 — CeftizadnK hall life in various nunuk using 
fAl diHDlofiol time I minutes) nral (B) pbyU>1 ogi cjiI rime 
On^heitsMCqpyij^e 1*386. From Mordevta 1986; 
R-eprimed by pcrmiKion of Wiley-Liss, lrae._ a subsidiary of 
John. Wiley &. Sons. Inc.) 


dries not lend itself to prediction of a pharmacokinelic 
profile for a new sp ccm. without substantial organ 
weight and blond flow data for Lhat new species, 

GLOSSARY OF PHARMACOKINETIC TERMS 

Primary Pharmacokinetic Terms: 

C - concentration of drug in the plasma al lime r. 
A^l) ■ amount of drug in the body al Ernie t. 

A, li, C = intercept terms., which represent plasma 
drug ctuKcnlraLtons at time 0. based on Lhe dtelnbutim, 
apparent elimination,, and deep tissue elimination 

phase*,, re^pectlvdy, of the disposition curve, 
ft, ps y = hybrid rate constants associated with a 

paly ex ponenLial expression that mathematically 
describes the disposition curve. Values of Ol, pi. and y 
are related to slopes of the distribution, apparent elim- 
imilion.. and deep Itesim: elimm^ilion phases,. respec¬ 
tively, of the disposition curve; [i. Lhe overall elimiiui- 
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nebiiLiitshfii, 1 be hassix «yf nlhsmctric scaling, 


don rale constant, is Lhe negative value of lhe slope of 
the Ii nw cenliinat phiise of the ploL in C versus lime. 

C fl — initial eurtcentration of drug in the plasma fol¬ 
lowing FV iryjKlkn of -a single dose {C„ = A ■+ & + Cl 
3l ( ■ genera! fust-order rate cOflMaU few the i dOHHIt 
exponential phas^ in a polyesponencfcaJ predictive math¬ 
ematical equation that describes the disposition curve. 

C - general coefficients for the i different exponen¬ 
tial phases in a pnlyexpoftentiiil predictive mathemaii- 
cal equation chat describes the disposition curve. 

t , t 7l = first-order transfer rate constants- few drag 
distribution between central and peripheral coinpu.rt- 
inents of the two^ompaftiieDl open model. 

I d = first-order rate constaiti for elimination of a 
drug from the central compamvii-iiL. 

t ltZ = the half-life of a drug (0-fW/p). based m first- 
order (cxpcmcntiuJ 1 ellLmmaJion. 
e = hase of natural logarithm (In). 

Volume and Oearanec Terms! 

V = apparent. volume of central cratipaiUnetiB. 

Vd ■ apparent volume of drug distribution; propor¬ 
tionality constant relating plasma concentration of a 
dray: to Gold amount of drup: in the body at any time 
after p^ududistrilbuLiufi equilibrium has been attained. 

Vd (1 = apparent volume of distribution obtained by 
neglecting the uc (distribution) phase of drug disposi¬ 
tion (extrapolation method). 

Vd_= apparent volume of distribution bused on 

total area under the plasma drug oontenlratkm versus 
lime curve (area method.). 

Vd ( = steady-state VOtlime of distribution of a drug. 



MJC = total area under the plasma drug eim: cut ra¬ 
tion versus lime curve from i = 0 10 j = *=* after admin¬ 
istration of a single dose 

AUMC = total area under the plasma drag concen¬ 
tration multiplied by time versus time curv e from / ■ Q 
lOJ-w after administration of a single dose. 

Cl # ■ body clearance of a drug.. This term, w 
represents toLal clearance, is the sum of individual 
clearance processes for the drug. Clearance is 
expressed as 

O r = renal clearance. This term represent*, volume of 

blood cleared of a drag by the kidney s per unit time, 

Cl^ r = nonrenal clearance. This lerm represents vol¬ 
ume of Wood cleared of a drug by other than mul 
(mainly metahulic) processes per unit rime. 

f iH ■ fraction of dose excreted unchanged in the urine. 



Terms Associated with Dosage! 

D ■ administered dose. 

D t m Loading (or priming) dose, 

D™* maintenance dose. 

Bh = maintenance dose (dosing) rate, i,e.. dom per 
unit lime. 



F — systemic availability of a drug, i.e. r fraction of 
the dose that enters systemic circulation intact 
(unchanged). 


f tl = fraction of the amount of drag in the body that 
is eliminated during a dtfsage interval. This term repre¬ 
sents the extent of fluctuation in steady-stale concen¬ 
trations of a drug dial lakes, place during the interval 
between suooBtsrve doses. 
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r * therapeutic ran^e of plasma (or Benin) drug 

cnceuntiflu. 

C m ~ plaleuu (steady-stolel concentration of a drug 
■achieved by continuous-1V infusion; or average steady- 
stale cuncevUraLuHi of a chug in the- plasma achieved by 
a dosage rce.imc-n. 

C (w C i * maximum plasma or serum eon- 
C&Mkw achieved eiLher by a single dose or at steady 
slate. 

€ (or € minimum plasma or scrum conocn- 

B HI ".■n' t ■ 

Hatton achieved prior to a subsequent dose, either prior 
to or at steady stale. 

T^m interval required between maintenance doses to 
maintain concentrations in the therapeutic range. 

# n s IV infusion nUe 

Terms Associated with All-uiiutry: 

T® piiumLacDlt.iraclic parameter otf inlerest. 

W * body weight (usually in 

ti,f? - antiloj* ul the intercept faJl and the slope th\ 

of Iqg 

known as I he power function. 


fFl versus log {W}: also 


ohlaiined from the plot 
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CLINICAL PHARMACOLOGY: PRINCIPLES OF 
THERAPEUTICS 


MAkk J. NOVOTNY 


Rational Uri|, Thmipj 
Ttirruprrriic Decision Making 

Druft Formulation 

UcK-ji^i. 1 krgUUrn 

Margin of Drug Safety 

fL'omfraindioiinns 
Vriurst l>ru^ kKptTk'JH'fc's 

Drug Interactions; 

Drug Therapy in Special Patient PUpuLitinns 
Drug Therapy during PngiuuKy 
Drug Therapy in Neonatal and Pediatric 
Patients 

Drug Therapy ill Geriatric Patients 
Drug Tliempy In Patients with Liver Failure 

Drug Therapy Bn Patients with Renal Failure 

MortUuHng Rnpuatot to Therapy 

Therapeutic Drug Monitoring 


Veterinary clinical pharmacology is a clmica] science 
that integrates disease paihophysiology with funda¬ 
mental concept* of pharmacology to provide a rational 
basis for drug therapy in animal patients (Davis 1978). 
In a review of the discipline Brown i 1997) elated ihui 

the Booluf veterinary clinical phnuulogy is to apply 
the principles of pharmacology 10 more Nucecs:%fu.lly 
treat patients and to more rationally use medications in 
veterinary medicul practice,. In selecting and under¬ 
standing pharmacologic approaches to the management 
off di^ascs, WhrilkHiHU must COUldtf the Ittlttfitt 
atldl risks Of drug Cherupy, method* of monitoring 
RtfKAkl to Ehcrapy. the financial and safety impact of 
therapeutic decisions, and the impact of the disease 
proccu on pharmacokinetics iind pharmacodynamics 

CCnppoe and Stuckey 1977* Nwotiry 1993a: Wikke 

LWk Tbtsc K»«pli hhape Ih* principle of rational 

drug therapy. 


RATIONAL DRUG THERAPY. Rationed drug Lber- 
apy is the development and execution oS a p]an of ther¬ 
apy centered on the pharmacologic and clinical ration¬ 
ale for the selection of drugs to target distinct 
pathophysiolibgic (Amtes, Rational drag therapy con¬ 
sists of Lite election of the proper drag and dosage reg¬ 
imen appri ipriale for Lhe .specie1tht fUstlK Stale in 


■ order to normalis bodily functions or lo eliminate a 
pathogen. The doci don- making pmeu should he C on- 

dueied with regard for benefit, risk, and mnook con- 

sridcraJinos and with knowledge of Ihe divergent opin¬ 
ions or controleisics frequently mwciKlbd with 
approaches to managing certain diseases. The: reality of 
controversy, principally due to insuJTkient knowledge 
m drug selection and use for certain diseases, needs to 
be recognized when drivilg lo optimize therapeutic 
decisions for individual patients i [np.cn.ilo cl al. 1992).. 

A prerequisite lo the rational use of any drug is -an 
accurate diagnosis. Diagnoses should be in pathophys¬ 
iologic term, For example, fltt would diagnLm: strep¬ 
tococcal pteumoflla hliIkt chan dimply pneumonia, 
noeardiai masiiiN raiher ihnn mastitis., use sctfiasii 
rather lhan intestinal ptra&fcL Specific paihuphysiu- 
logic diagnoses lead to ■s|vci5e therapeutic goals. 
Thru? goals should be established paw to Llle iilscicu- 
tkn of therapy and therapy should he monhoied 
against these goals while ncqgniling and minimi ting 
the undesired effects ofdivp (Ingenilo el al, I992) r 
KulUm-al drag therapy requires a knowledge of the 
pharmacodynamics and pharmacokineLics of drugs in 
the species to he treated. Consideration should he given 
lo the relationship between nine paihnphyskdogy of rhe 
disease and t he porieniiiil impact of the disease process 

iplh phariht-aiJi.Klyh'Liii'Lies SL> Lhat drug 12 1 let: In- ciui he bJilI ic■ 

ipaled. For example, HuJIonajnide antimicrobial* com¬ 
pel ilively inhibit para-urn moben^oic acid (PAJA) 
incorporation into Mic acid in bacterial cells, a drag 
action lhat may be reversed by an cfccus of PAHA in 

tissue cMnJace, necrotic tissue, or purulent wounds 
(Prescutt and Baggot 1993k Similarly:, the disease 
process may alter the drug's phaniiacokinetics such 
chat drug absorption, distribution. metahoLLsm, or elim- 
inaiion changes in a pmttcObte « UflprodkUMe man¬ 
ner Failure to adjust the regimen for the aflktaoglyccv- 
ikte indbkdc totunidn In a patient with dimmished 
glomerular filtration could result in drug accumulation 
and toxicity. Patient! slhitild be observed for drug elfi j 
ciMiy and toxicity. These QbHrvvtwtH arc needed to 
determine if therapeutic objectives ore attained and wi ll 
enable a course to he set tor continued therapy. 

THERAPEUTIC DECISION MAKING. Therapn- 

Eic goals are a logical extension of disease paihnphysi- 

■ ofegy. Once established, clear therapeutic goals or end 



Copyrighted, material 



Sit / StCiiott I / PHINl'IPLKK OF IWBMWTIjDQT 


paints should guide therapeutic d^cinnoTO making and 
monitoring therapeutic outcome. The first question to 
he considered is the need for drug therapy to achieve 
the therapeutic goal*. Once the decision is made lhat 
drug therapy is needed, I here are several practical eon- 
sideral inn& surrounding drug selection and the drug of 
first choke. Detailed below is a problem-solving 
approach to therapeutic deciisjgn making that includes 
practical ecmsideralions or the drug or drugs of choice 
and a benefit-risk, assessment process. 


Drug ForniuLition. When -. iccting ihe drug of llrsi 
choice, available formula tiara must be considered. 


Chokes may include proprietary formulations, generic 
products, use of approved veterinary products in an 
extra-label fashion, human products, or compounding a 
drug formulation. Often the veterinarian must select 
from several different formulaiinns or brand name 
products of the same generic drug product In filter 
cases no veterinary-approved formulation exists and a 
human produce muse be used. Consideration should he 
given to the approval status when several Formulations, 

including human preparations, arc ai die veteri norm's 
disposal. Approved products generally have mel regu¬ 
latory requirements for efficacy and safety in the target 
animal spec ies for the approved indictftion and ckwagjE 
regimen. Such products arc produced to high manufac¬ 
turing standards. 

Generic versions of an approved off-patent (pioneer) 
producl are often available to practitioners. Generic 
drugs arc less expensive and may allow practitioners to 
use certain drugs on a routine basis Lhat otherwise 
would he very expensive. Generic fdrmulalions can dif¬ 
fer from a pioneer product in many ways, including the 

concenfiraiion of the active drug and the nature find 

amount of inactive ingredients fKoritz 19B0). A phar¬ 
maceutical equivalent is a generic formulation that con¬ 
tains the same amount of active drug but not necessar¬ 


ily die same inactive ingredient a* Hie pioneer 

reference product. A pharmaceutical alternative is a 
generic tarmutatiop that contains lhe same active drug 
hut nol, necessarily ihe same amount or in combination 
with Ihe smfie inactive ingredients as, the pioneer refer¬ 


ence product. The ultimate test of equivalence of two 
drug Formulation^ is iherapeuGic equivalence,, or the 
demonsiralion of the same pharmacologic effect in the 


same individual. A more practical comparison is bio¬ 


logical equivalence, in which bioequivalence, the raie 

and extent of drag absanption, h evaluated. Two prod¬ 

ucts sire ceiiLsidered biatquivalcnt when they arc equal 


in the rale and extent to which the active ingredient is 
absorbed and becomes available u.1 Lhe site of drug 

action. Regulvtory guidelines exist for the design, con¬ 
duct. gtattetk&l analysis, mid interpolation of in vivo 
biocquivalcnce studies. Typically, key pharmacokiiMic 


variables such a^ area under the OTfrcentratioiMime 


curve, maximum plasma drug ecmeeutratkm, and time- 
lo-muximum concentration are compared between the 
generic arid pioneer formulation* using a LLrfifiden.ee 
Imerul statistical analysis BinequivaJent drugs are 


generally statistically indistinguishable bused on these 

eoncentraiioiHiuie end pout* (Riviere 1994}. 

Exira-Iahel use of drugs i FI .IJD) is any use of a drug 

product other than in accordance with the directions for 
use that appear on the label, with the exception that the 
concurrent use of two approved drugs is net considered 

an extra-label use unless such eoncurrcm administra¬ 
tion is eofUraindicarcd by the labeling (Mitchell 19KB), 

The specific ways in which a drug oaai be usclI jn an 
cxira-lahel manner include roule of admmistrfitfon p 
dose. duration of Ihcrapy; species, indicated disease, or 
failure to follow lhe withdrawal period, In the USA, Ibc 
Animal Drug Use Clarification Act of IW4 provide* 
veterinarians with greater flexibility in extra-label pre¬ 
scribing of certain approved animal drop and 

approved human drugs, However, major concerns 
about ELUD exist, and veterinarians must he selective 
about using drugs in an extra-label fashion. The chief 
coracem is She potential for drug residues in food, prod¬ 
ucts from animals that received drugs in an extra-label 
manner (Mercer IWfi; Sundlof etal. 1986). In general, 
residue depletion data are not available for the multi’ 
tude of potential extradite) uses tfrf u drug product, 
Exlra-lahel use of drugs must occur within Ihe context 
of a vcteriiuuian-elienl-patienti relationship, and such 
usage must nut result in violative residues in food pn.si- 
uets from these animals. 

A second majt»r concern of ELUD relates to the 
well-being of the patient and the standards of veteri¬ 
nary practice. Fur example, penicillin Ci procaine is an 
effective antibiotic agent for ihe treatment of several 
bacterial diseases but not al Ihe label done of MOD 
units/kg once daily. Rather, doses ranging from 31o III 
times the label dose are frequently recommended 

(Plumb 1999), To use MflG imil&fkg simply because 

this Is the label dose may result in therapeutic- failure. 

The US Food and Drug Administration—Center for 
Veterinary Medicine (US FDA— CVM) restricts extra- 
laheJ use in certain cireum stances, such as w hen usage 
practices pose a risk to public health. In 1997, the US 
FDA—CVM prohibited the extra-label use of fluoro- 
qumolone (e.g., enrofloxacin and sarafloxaein) and 
glyetipcplide fe.g., vancomycin) antimicrobial agents, 
citing the increa-sing resistance of zoonotic pathogens 
in treated animals. Other drugs prohibited (ram use in 
food-producing animals are listed in fable 4.1. 

Human-labeled drugs are widely used in veterinary 
medicine, a practice Lhat likely will not change in the 
future. Many diseases of companion and nonfood ani¬ 
mals cannot he treated without Lhe use of human- 

labeled drugs tecum appropriate veteriraawry-labeled 
drag products often do not exist, Veterinarian* have 

administered cephalexin, diazepam, insulin, lidocaine, 
morphine, phenobarbital, and anti neoplastic agents for 
many years to cimpumun unnmiK yet none of these 
drugs have ever been approved for veterinary use (Reid 
I9HK}. As with extra-label u-e of veterimuy-approved 
drugs, the use of human-l abeled drags in an imals raises 
efficacy and safety concerns, since studies that demon¬ 
strate efficacy and safely in domestic animsl* an: lack- 










Chapter J J CLWICAL PHA*M.*rcicjrjnf: phintiplj-s qf Tmuretma i i. MtwA) 1 / 59 


TABLE 4+1—Drop prohibited by the US FDA— 
Ccsler fur % eleriinyiiry Medicine fnr its* in food- 
pfoduring HniilliiK 

Other Niflitwiudhi»tei 
Furazolidone (except ferffwo^vd 

Cl >[>lLiil IBM?) 

NiirofiirHiork! lexeept for approved 

Enpiunl J 

Sulfonamide drugs in lactming dairy 
caulc (except approved um of 
sulf^limelhos ine. 
*ulfalm^*rnethariiw, and 

mjI lL>.lJiu.«Ly |:>yr L4kd, r i hit ) 


tlilnrimijj-hmic-nl 

CMuAnil 
I Jit Ql V sli tbc-Jr ul 

■r 

PimcbidDcik 

Ipromdik/olt 


ing. P^onlially harmful and illegal residues following 
adfiti;iii strsiEi« of human products to food animals and 
advert drug experiences in animals are major safely 
concerns. Thus, if an appropriate and effective vcicri- 
nary-labeled product is available, the practitioner 
should use tlw approved veterinary product according to 
label directions. In the atone of a vewrinarHabeled 
product, the* veterinarian may consider use of human- 
labeled drugs, realizing the greater responsibility 

assumed for the effective and safe use of such products. 
The human-labeled product should he used only if a 
veteritwlsn<lient-palient relationship has haen estab¬ 
lished. The practitioner should he reasonably confident 
thill the human product w ill he safe and effective when 
administered at the selected dose„ route, and duration 
and far the specific disease. Administration should he 
consistent with current usage practices and with exist¬ 
ing evidence in ihe veterinary literature cm efficacy and 
safety, finally; if the use of a human-label product is 
unavoidable in a Good animal spttla, then adequate 
measures must be: taken to avoid illegal residues in edi¬ 
ble products. Tk veterinarian should be aware nf the 
besl available loxicologic. tissue dittribtilAwi, and tissue 
deptedcHi data for the drug in die animal species. The 
veterinarian should provide for an ertre-lung drug w ith- 
drawol period] prior to marketing of the animal or animal 
product for human consumption. 

fn certain specific instances dtrvg formulations may 

need to he compounded. Compnuabdirii' is any inanipu- 
lalion to produce a dosage form of a drug other than 
manipuhilions described in the directions fur use on the 
labeling irf ihe drug product. The veterinarian must he 
aware of efficacy, safely, and Legal issues associated 
with compounding. Safety concern* can range from 
lack of efficacy, leaving the disease process essentially 
untreated, to adverse or toxic drug reactions. The mix¬ 
ing of two different drug formulations in the same 
syringe prior 10 administration is a form of compound¬ 
ing thill could inactivate one or both of the active drug 
components because of physical or chemical mcompat- 
ihilitte*. Drugs in common use that should not be 

mixed with other drug-, in the same syringe nr soluiiOn 
include penicillin®, cephalosporins^ aminoglycoside*, 
tCtrAcydiiKs, untineopLustic: agents, diazepam, and bar¬ 
biturates (Griffiths 1988). The safety of excipients and 
vehicle* used in compounded formulaiions may be 


unknown or they may pose nsks if safe usage regimens 
have not been established in certain domevlic animal 
species. Par example, fallowing ini ravenous admims- 

tration. propylene glycol, a common vehicle for many 
drugs, may cause profound adverse cardiovascular 
reactions,. characferUed by cardiac asystole, systemic 
hypoten&ion, and decreased pulmonary and renal arte¬ 
rial blood flow (Gross el aL 1979). The pharmacoki¬ 
netics and drug depletion for Compounded formula¬ 
tions are frequently not known, dealing the potential 
for harmful residues if administered to a fond animal 
species. As a vehicle for compounded drug lormula- 
tjons. dimethyl sulfoxide may contribute to the occur¬ 
rence of violative drug residues in food product* fitsm 
(he nmed animals (Mercer I W0) r 

Dosage Ke^inien. Once the drug and formulation 
have been selected, a dosage regimen must, be deter¬ 
mined. ‘"Dosage' is defined a* the deLerminalion and 
regulation of the size, frequency, and number of doses. 
A " dose " is a quantity to he administered at one time. 
“Regimen"' refers to a systematic Court or strictly reg¬ 
ulated scheme of treatment Thus, a “dosage regimen" 
describes several practical feature* of therapy, includ¬ 
ing the dose Id be administered, the route of adininis- 
(ration, the frequency of administration, arvd the dura¬ 
tion of therapy. Determining a dosage regimen may 
range from an empirical process to a well-defined 
prex;ess needed lo achieve regulatory appruvd of the 
drug and regimen. Regulatory approval typically 
requires adequate Lindi w-ell conirulled studies to char¬ 
acterize ihe dose-nslponrt relationship in the target 
animal specks. The selected dose is then confirmed. in 
laboraktfy models and in patients during cornu died, 
blinded clinical trials. The randomized, controlled, and 
blinded clinical trial is recognized as a valuable 
THeiuvh method for evaluating new therapies in veteri¬ 
nary patients (Lund et al. 1998). Recently (he US 
FDA—CVM ha* eliminated the requirement for dose 
titration studies to identify and select an optimal 
donate, but it canririue*. to require pharm!weiiti£*l 
sponsor* to defiwfi^mrto substantial evidence that a 

new animal drug is effective and safe for each jfidiea- 
lion al ihe proposed dose nr dose range (Sundlnf 1998}. 
Prudent therapeutic decision* generally include use of 
approved doses. 

The route of drug administration may be limited 
simply by Che available formulation; e.g., ubkls, cap¬ 
sules. boluses, and e lixirs are designed for oral admin- 
istratkifL Suspension* designed for subcutaneous or 
intramuscalir injection generally are noL recommended 
for intravenous administration. line disease process 
may precl ude administration of drugs by certain route*. 
Vomiting generally precludes oral administration. 
Severe dehydration may delay absorption of drugs 
administered s4ihcuiaiiconsly. Administration of lido- 
eainc by other than the intravenous route may not 

effectively control ventricular arrhythmia*. Winn con¬ 
sidering administration by a route other than the 
approved route, one again must consider the efficacy. 
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safety. and kpl issiK-v of such extra-label use prac- 
tiHA. For example. lilnkttiA phosphaLe (Mlcodt*) M 
ha eflbcttve antimicrobial agent for Heating boviie res¬ 
piratory disease UMMftd write Anfewtita iirJCMrjJYp* 

it yj when tdimiufiHHS at the approved dou by the ul> 

eutaneou* mute in eanle,. biErivncui injHceijoii is fata.1 

CAmoja-Dcchert 1999). 

The frequency of doting is determined by a drag's 

pharmacokinetics. pharmacodynamics. and demon¬ 
strated duration of efficacy; Drugs wilh hnef half- 
lives. such jls- lidocainc und dobulamine. may require 
frequent administration Of administration by irunLinu- 
00 *, intravenous infusion in ordcr lo sustain effective 

dmp concentrations at the site of drag action. In con* 

1 1 drugs wilh krd| tudf-UVH,. su^aiiml drug-revep- 

lor action, nr sustained therapeutic effects require less 
frequent administration. Aspirin Ls administered to 
ctlA once every 4®-72 hours becuw of ihe long half- 
life in l]iis specie*. The duration of effect of phenuxy- 
ben/amine. an irreversible ft-receplor blocker used to 
reduce urethral resistance in cats (Burvartti el ate 
19^2), is related to the drug's pharmacokinetic pri»P" 
cities and the rate of synthesis of new ot receptors on 
the target cell (Hoffman and Lefkowitz 1990). Dex- 
amethume has a hengej anti-inflammatory effect 
than hydrocortisone, allowing less frequent adminis- 
iniion of dexanicthusone. 

The next seep in therapeutic decision making is set¬ 
ting the probable duration of therapy. Many diseases 
are amenable to a single dose ur short-term therapy, 
while oLher diseases require days, weeks, or months of 
therapy, reinforcing the need lo understand pathophys¬ 
iologic processes. Wilh certain drugs the duration of 
tlhriupy is influenced by the development of tachyphy- 
laxi-s or receptor down-regulation. With other drugs 
indiLciiom lw inhibition of drug metabolic and/or dimi¬ 
nution processes accompanies intermediate or pro¬ 
longed therapy. Prolonged antimicrobial therapy osten¬ 
sibly contributes to the development of antimicrobial 
resistance through selection of resistant populations of 
haeleria tPnescGStt and Baggot 1993), A* with selection 
of formulation, dose, route, and frequency, ihe duration 
id therapy should be delermined with careful consider- 
aliem n\, ihe heiteliis and risks, of sboct-, intcrmcdLale-, 

or Lug-term therapy. 

Well-designed therapeutic regimens iformulaiion. 
dose, route. frequency, and duration? may be meaning¬ 
less should Ihe client fail to comply with presented 
treatment fur the paticnL. In humans certain diseases are 
associated with compliance failures ttiibaldi IWfr?, 
These Include illnesses ihat lack symptoms*, such as 
hypertension; drugs having delayed benefits, such as 
lipid-lowering treatments; or pnophyLaclic therapy. Vet¬ 
erinary pnLicnts that are intractable and cannot be med¬ 
icated also pose compliance challenges. Types of dis¬ 
eases khat enccnirage compliance are [hove moriited 
with ootkeibfc and rapid repression of symptoms,. 
ITius complluce intpemn wilb iherapy of short dum- 

tion invoh ing simple regimens for which ihe frequency 

of dosing to convenient, efficacy » evident, and the ! 


drug is associated with a low incidence of adverse drug 
experiences. 

Mtarpu of Drug Safety, The benefit-risk ureumal 

CMlillUH with HftfiidHltijH of rite relative safety sif 
the drug. For an approved drug, the margin of safeiy is 
established during the drug detelopmeni process with 
eharac-ter^utiori of ihe toxic features of the drug 
through evaluation of multiples of the predicted 4oso 
using the predicted formulation, frequency, and mute 
in the large! species. For utter drug*. reluLive salety 
may he discerned from usage patterns described in the 

veterinary pharmacology lifteMore, including reports 

of adverse drug experiences in animals, or from human 

iLppLicuticjn.v fiuupuip sufizly ihfLtugh the si: luLtCn" 

approaches is not a substitute for well-designed target 
animal safety studies: assumptions regarding anus 
specie* safety may be false. For BOOK drugs the relative 
safety is Low; perhaps with adverse experience* likely 
even with the use dose in mne patients. This does not 
preclude use of the drug, depending on the seventy of 
the disease and the potential benefit of treatment with 
the drug. For olber. quite safe drugs the precise margin 
of safety may noL he established bffllitf tAttttrttg a 
multiple of ihe use dose may require such high dove* to 
demonstrate an adverse experience that it is impractical 
and unneecsxary. The vdcrinari^n may use these drugs 
with confidence that adverse experiences arc unlikely, 
Frequently the safety of a drug is re fined followifig reg¬ 
ulatory approval and use of the drug in a largeT number 
of paLieikLs in the target species. 

Coiratriiindicutions,. The nest codtpotKivi of risk 
assessment is consideration til the ccmtraindicatitins lor 
use of Lhe drag and dclcrminatinn of whether any of the 
eoniraindicmions exist in the patient. Contraindications 
can be characterised as absolute t«" relative. The sever¬ 
ity of the disease and the potent ia] benefit of drug ther¬ 
apy in a specific patient may warrant using a drag when 
3 relative cnnlraindicatinn m present. 

Adverse Dniirg ExpcrirnrH. CflUidHttiM should be 

given us Lhe likelihL^xi of adverse duig experiences 

I ADF-Vi in the patient. An AI>F is an unintended ur 
nnxiutL* response to a drug that occur* wuhin a reason¬ 
able time frame following drug adminivtratiun ifAren- 
»n and Riviere l^JSS; Davis 1995* Nowdvy 1993b). 
Skime ADEs are predictable and possibly avoidable* 
many others are unpredictable. Alltettgh any drug 
pcrtentiaJJy can ctioc an adverse experience; certain 
drug u^age pAttenu are utDciKcd with u higher iae!« 
denee of ADEs. There include fl) xm of hum "label 
drugs in animal petfeala far w hich drug safety and effi¬ 
cacy data may be linking;. (2) ure of dfU£$ wi|h low 
LhenipeuLic indices; (3) inappropriiiie or TriviaT drug 
use, (4)i failure to set Iherapeutic goals or end pointa; 
(5) use of multiple drugs simultaneously in a patient or 
fixed-dose drug cumhlnatLiimc and 161 failure to weigh 
the henefits versus the risks of drag iberapy; Adverse 
i drug Experiences are more likely to occur in younger 
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TABLE *1.2—( jleg^ri^ -of adverse druu, 

npcrlines 

Lack of efficacy 
Rnwokfiic or tide ■effee! 

A lie-uric drug reach an 

Athene drug experience ttsemWiHj allergte neaylwm 
1cm. be fftnig it aj-lmil 

Tdlosynmlk readinn 


(pediatric) ami alder (geriatric) patients, in animals lhat 
arc obese or emaciated, in pregnant animals, and m ani¬ 
mate with diseases of the principal organs of drug 
metabolism and elimination (liver Lind kidneys). Modi¬ 
fications in drug disposition patterns in young. old, 
obese, emaciated. and pregnant patients arid during 

IwpuLic and renal failure may allow drug accumulation 
or predisposition lio ADEs 

Adverse drag experiences cum be danied into six 
categories (IkHe 4.2). The ftrei type is lack of efficacy 
when an appropriate drug is administered al the proper 
dose, route, interval, and duration to treat a disease for 
which efficacy previously had been established (based 

on approved indication^ tie previous clinical experience). 

The second category of ADEs is pharmacologic or 
side effecLs. These reactions are extensions of (he usual, 
pharmacodynamic properties of due drug and. there¬ 
fore, relate to the mechanism of dmg action, For exam¬ 
ple, a,-receptor bkukeis. such as pheAOihiidlK Iran* 
quilizers. may cause hypotension ns a potential' side 
effect. A gastrointestinal disturbance resulting fnirtl 
overgrowth of nonsu$cepiihle bacteria in patients 

receiving antimicrobial therapy is a side effect due to 
suppression of susceptible, normal bacterial flora of the 
(JE tract. INonslerendal anti-inflammatory drugs inhibit 
the enzyme Oyclooxygenase and reduce sytfksis of 
proslag landins dial mediate inflammation. As side 
effects, prostaglandin and L synthesis by the gaslric 
mucosa and thromboxane A. synthesis by platelets arc 

also reduced, resulting in gastric ulcers and decreased 

platelet aggregation and adhesiveness, respective ly. 
Bectuse pharmacologic or sick effects are extensions 
of the usual pharmacologic response and are often dose 
related, this form of ADHs frequenUy can he antici¬ 
pated and possibly avoided. 

The third category of ADHs is allergic drug reac- 
1 ionn. Unlike side effects* a fi rst occurrence of this type 
of Af>E cannot be anticipated in a patient. Further, 
alkrgue drug reactions are not dose related. Clinical 
manifesiaiions of alktgac drug reactions lollow known 
allergic patterns and range from mild skin reactions to 
anaphylaxis. Oilier type* of drug allergy include skin- 
eruptions, serum sickness-like (type 111) reactions, 
hemolytic anemia, thrombocytopenia, allergic gas- 
tmen tends. and systemic lupus crylhematosis {SLE.L 
The Usual mechanism of allergic drug reactions con¬ 
sists of the drug or a drug (lKtllnliEe forming a cova¬ 
lent bond with an endogenous substincc, resulting in 
an allergen. Because some drugs have common struc¬ 
tures or metabolites, erms-reaefivity between different 


drugs can occur. For example, patients allergic to one 

penicillin may be allergic to most penicillins. 
Cephalupririi share the lactam structure with peni¬ 
cillins. and although the incidence in animals is not 
known* as many as 20% of human allergic to peni¬ 
cillins demonstrate cima-reacti^ to cephalosporins 
(MandcII and Petri 1995). Howler, a much smaller 
percentage of these people w ill manifest clinical signs 

of an al lergic reaction to cephalosporins. 

The fourth type of ADEs includes reactions chat 
resemble allergic reactions but do not have an immuno¬ 
logical basis. These reactions might consist of cardio¬ 
vascular or pulmonary effects such as dnu manifested 

following rapid intravenous administration of certain 
drugs dissolved in il polyethylene glycol vehicle (Gross 
el al. 1979). Hematologic reactions that resemble 
autoimmune hemolytic anemia but lack an immuno¬ 
logical basis may occur following intravenous adminis¬ 
tration of dimethyl sulfoxide if the concentration is 
greater than 20% (Jenkins I9$5). Drug fever, or hyper¬ 
pyrexia, also is included in Lhis category. Hyperpyrexia 
induced by acetylsalicylic acid (aspirin) is believed to 
stem from uncoupling of oxidative phosphorylation at 
the cellular level by salicylate (Riviere 1915). 

Toxic drug reactions represent Ihc ftflh category of 
ADF.s. Direct organ damage occurs through complex 
mechanisms that, in general, arc not related to the phar¬ 
macologic effect of the dung. For example, the nephro- 

toxic effects of aminoglycoside and outdated teiracy- 
cline antimicrobial agents have no relationship to the 
binding of these drugs to bacterial ribosomil subunits 
and the decreasing bacterial protein synthesis that 
results in an antimicrobial effect. Similarly, ihc hepaio- 
toxic effects of ucctsiininrnplien are mediated through 
reactive drug intermediates dial have no bearing on the 
untipyrexic and analgesic properties of the drug, 

Tile final category of ADEs comprises the idiosyn¬ 
cratic or unexpected reactions in an individual animal 

that cannot be classified in the previous five categories. 
The term applies to unusual effects of a drug that occur 
in ui small percentage of the patient population and. like 
allergic drug r^rtkms, are unrelated U drug dove. 
Often idiosyncratic reactions have a genetic basis. 

Recognition of ADEs can he challenging, especial ly" 
when the manifestations of an ADt resemble the dis¬ 
ease the drug is being used to manage. For example, 
aspirin may he Used to manage [nun, inf lain malum, ami 

py rexia, yet the drug has the potential to induce fever. 
If most of llte other disease symptoms of a patient 
receiving aspirin arc ameliorated, yet pyrexia presents, 
drug fever should he suspected. With most ADEs. a 
definable temporal relationship exists, between dreg 
administration and manifestation of ihc adverse experi¬ 
ence. However, this may be seconds, minute^, hours, 
days, or even weeks, as is pns.sible with hcmollyiic ane¬ 
mia or SLE-like reactions. An ADE usually improves 
with discontinued drug admimstralmn. When reoccur¬ 
rence is expected with repeated administration, the risk 
of reinstituting therapy w ilh the oil ending dmg must be 
weighed against the benefits of therapy with the drug 



materia 









«V2 / f I fPKVUS 'PF nbJU4W0USV 


An APE initially manifested as a fllm skin rash may. 
upon subsequent us£, result in mure RAW fWtktt, 

Managing ADEiscan be equally challenging (Owls 
IW5, USD). ticncral principles of managing ADEs 
include (Ip providing life support where appropriate 
te.g., for amphylactie reactions); (2) ceasing therap) 1 
with or modifying dosage of die offending drug; (3) 
selecting an alternative drug *hmild llwrapy miLinue 1o 
be required; (d) enhancing drug elimination; (5) where 
available and apprcvpriale. administering spec ilk amag- 
onists or antidotes' and (bp manaping organ Ic.g., liver, 
kidneyJtoxicity using strategics similar tolhtw*; Used U> 
treat such toxicity from other causes. Mild, acute 
hypcrsens-iljvily reactions may he managed by allowing 
time lor clearance of the offending drug.. In ruber 
such as hemolytic aemn off SLE-Iike reactions, 
immunnmodulation may he required. Fpin£phriift r ii 
the drug of choice for treating anaphyLaxts, owing to 

the effect* of epinephrine on wcilltf DL, receptors 
(causing vattMiondricLion and supporting blood pres¬ 
sure p, cardiac ji receptors (causing positive tnoiropte 
and chronotropic effects and supporting cardiac out¬ 
put I, ar&d respiratory jj, receptors (causing bruncluKlila- 
lion and supporting ventilation), Corticosteroids and 
antihistamines are of lesser clinical value in anaphy¬ 
laxis but may be useful in managing less severe aller¬ 
gic d-Tug reactions., 

Preventing ADEs is also a ehalEcnge. Allergic and 
idiosyncratic reactions are unpredictable. Once a reac¬ 
tion is observed in a patient, the reaction should be 
recorded and efforts undertaken to guard against 
repealed administration of the offending drug to the; 
patient. Additional measures 10 prevent ADEs include 
(!) cautions use of human-label drugs until safety and 
efficacy of specific products- hcc-nmc established in vet¬ 
erinary priwl y (2j iVOtdflM off polypharmacy (refer 
ki section drug imeru^tions) and fixed-dose drug 

Betting of dw rittrapetitic 

goals- and end points-; and (4 j assessing the henefl1-ri\k 
frrtl uf drug therapy. Potential AOGl frequently are 
detected during drug development. However, in many 
instances ADH* are not noted unLil postapproval use in 
the larger target animal population. Adverse experb 
COTI may be general m a class of drugs or specific to 
a member of a drug chn, Adverse experiences also 
may be specific to a domestic animat species or even to 
xubpopulatinas within a species. When ADH* are sus¬ 
pected, an attempt should he made to determine the 
probable association between the drug and the ADE 
and to characterize the ADE. Suspected ADEs may be 
reported to the drug sponsor or the drug regulatory 
authorities I'e.g.. US PDA—CVM>. Suspected ADEs 
are Listed in product monographs at the time of drug 
approval, and the* 4 * reported to the US FDA—CVM 
are published annually (Onuk 1997 ), 

Drug Interactions, Frequently, oon cu nwi t adminis¬ 
tration of ans than one dmg if needed to achieve ther¬ 
apeutic goals, In ihesc cireumslanecs the potential for 
drug ioknctiw bcoomn pan of risk asscssmciit. A 


combination nmduci-S (3} 
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drug interaction is Ihc change in magnitude of the phur- 
mucologic eifect of a drug due to some other factor 
(Griffiths The other factor may be anoLher drug, 

the foctlf off this discussion. However, drug vehicles, 
food, nutrients, plastic COlUpflHVtS Of syringes ur inlra- 
VHH4U irtfusii.nl seLs. and environmental chemicals arc 
ainortg the factors that ptrtenliaJJy impact the pharma¬ 
cologic effect of drug. Drug interactions may occur in 
\iim when incompatible drug* arc mixed in the same 

syringe \ iaJ nr when drugs are mixed in incompaLi- 
hk Hriwob. Fl»t example, volutions off the following 
drug pairs are incompatible; epinephrine and sodium 
bicvbonate, gentamicin and curbemci 11 i n. ketamine 
and barbiturate, and urethyJpredniiiolone stadium suc¬ 
cinate and calcium gluconuLe iTrepanicr IW4|. Types 
of ill vitro reactions that can occur from mixing these 
drugs include hydrolysis, oxidation. reduction, com- 
pk&auiHih,, acid-base reactions (incompatible pH), -und 
precipitation (Paul IWJ7). In vivo drug interactions 
may mult in diminished or enhanced drug effects, 
Mpratifli i?f a new or different effect* Dr perhaps- no 
obwtB phanuapccdynmik change but akered pharma¬ 
cokinetics lhal may not be clilklDy apparent. Some 
drug infractionsadvjmlagcou.s and are exploited in 
therapy. Many others.arepotentially deleterious. A doc¬ 
umented or potential drug i tiler act ion h rarely an 


absolute contraindication for cofKUfME 4idminisLrntioii 


and hence becomes a component of risk use&mflU ill 

therapeutic decision making;. 

Most drug imcraecions of clinical significance result 
in changes in pharrmieokinetio, These include changes 
in abHcptun. distribudoo, metabolism, ut ocnikn of 
4i drug as u result of ccociUKOt iidminisiratton of a sec¬ 
ond drug. Cimclidine or other H,-reeepuir nHiyMrfttt 
alter gastric pH ^nd may ■affect ahsorpiion of other 
drugs across ihc gasrrie mucosa. Drugs such as nitio- 
clopr-iimide. anticholinergic agents, iind sympath- 
OflllKtks alter gastnc emptying and delivery of other 
drugs n> rhe small inlesliiie. which is die site of 4id-sorp- 
tion of most orally administered drugs. Hence ihc am 
of ahsorplion of oilier drugs may be altered by agents 
that alter gastric emptying. Ctuiiipctilion between drugs 
for binding io plasma prokins may ulcer drug distribu¬ 
tion and transiently increa.se free plasma dnif; coneo- 
ttytbfll, Clearance of ihe drug also is likely to change; 
hiwcver. an adverse drug experience may occur should 
one or both of the interacting drugs have a Low thera¬ 
peutic index. Changes in hepaiie drug metabolism can 
occur with certain drugs, leading to enzyme induction 
c vt inhibition. A drug that induces hcpalic enzyme activ¬ 
ity may increase clearance of iLsdl and oLher drugs 
administered concurrently, thus reducing drug eftkucy. 
Enzyme induction L4ikes Lime to occur but may persist 
for several dayii, weeb, or mtniLhs sifter wtlhdrewfll tiff 
the indiicug ngem. Hepatic enzyme inhibition gener- 
ally dewtops quickly after adninijtering ihc inhibiting 
drug and s-imiLariy reverses- quickly upon withdrawal of 
ihc drug. A drug that inhibit* hepatic enzyme activity 
may decrease clearance of other drug* administered 
concurrently, thus increasing the potential fut advene 
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or tonic drug experiences. Drugs, liml alLer hepatic 
blood flow (e.g_. propranolol) may also* limit clearance 
or u second drug should Lhe later drug normally be effi¬ 
ciently extracted from plasmu by [he liver. 

While (here are few examples, of specific drug incer- 

actions stemming from aliened glomerular filtrarion, 
any drug that may alter hemodynamics and renal blond! 
[Vow may interact with the dmmialinn of a KCOfxJ drug 
that is chiefly dependent uol glomerular filLraliun for 

eliminrttoa. THihular secretion may be inhibited com¬ 
petitively by drug* dial compete for the same transport 

mechanism. TUlhuku reabwrplkui of 4i drug may he 

altered by a second drug that changes uritw pH or urine 
fkw race. 

Changes that occur in pharmacodynamics stemming 
from concurrent administration of two drugs might be 
predicted Ikon die mechanisms uf drug KtkHL Two 
drugs may have additive Of antagonistic effects on Lhe 
same drug reocffflK Alternatively, physiologic additive 
or antagonistic actions may occur through independent 
eflbcO on receptors associated, with idUgMutk arms 
uf physiologic prtices-ve*. as might occur through 
simultaneous effects of one drug on the parasympa¬ 
thetic nervous system and of a mood drug on the sym¬ 
pathetic nervous system. Synergism occurs when the 
pharmacologic effect of the interaction exceeds addi¬ 
tive effects [hal might be predicted from concurrent 
administration. Synergism is frequently leveraged in 
the treatment of bacterial infections through combina¬ 
tion antimicrobial therapy with a penicillin and an 
aminoglycoside or use of a potentiated sulfonamide 

(Skwe 19M), 

While there are many potential adverse drug interac¬ 
tions. drugs with narrow iherapettlic indices, ure mesre 
likely to be associated with interactions that result in 
diminished, enhanced,. or tWQC drug effects. Uider 
such circumstances adjustments in the dosage regimens 
may be appropriate. 


JMiCJCr THERAPY IN SPECIAL PATIENT 
POPULATIONS 

Drug Therapy during Pregnancy. Pregnancy ptftcs a 
number of challenges fur designing rational therapeutic 
strategies because ilw potential benefit* of therapy to 
the dam muM be balanced against the 1 potential risks to 
the embryo or fetus (Murray and Seger 1994 ). Rela¬ 
tively few drugs are spcdfiwlly approved far or haw 

demonstrated mbty in pregnant animal*. Changes in 
physiology from the nu-npregnanl staLe include 
toCRHfll gHtric pll. decreased Gl motility. deCRttfid 
plasma protein binding of drugs, increased cardiac out¬ 
put, and pit^gescerone-mcdiated induction u-f hepatic 
biotransformalion. Tliene differences in physiology 
prwcntially affect absorption, diAtrihnrion, metahollsni, 
and elimination of drugs adminiiicncd in pregnant am- 
main. When LreaLing pregnant animals, one must pre¬ 
vent teratogenic or other possible adverse elTcclson the 
developing embryo or fetuv The factum that mod 


affect placental transfer of drug, and thus exposure of 
the fetus to drugs administered to the dam, are the dose 
of the drug, frequency of drug administration, volume 
of distribution, extent of plasma protein binding, clear- 
au in the duo. blood flow to the placenta, drug 
metabolism hy the placenta, and the me or drug diffu¬ 
sion across the placenta. Of these, she drug diffusion 
rate is the most important Ikwand is dependent upon 
the CODKflftHtkn difference between maternal and 
fetal plasma, the surface area lur diffusion, and Lhe 
drug's lipid solubility. Because maLumal fluid* are 
slightly more alkaline than fetal fluids, basic drags, 
such a* atropine. epinephrine, propranolol. quinidine, 
eryihrornycin. and. irimethoprim. have a tendency to 
concentrate in fetal plasma. Acidic drugs, such as peni¬ 
cillin. aspirin, furosemidc, and phenob±rbital a diffuse 
slowly across Lhe placenta. 

In addition to teratogenic fileds. dCher potential 
wlvme -effects include (nveotko of implantation and 
early termiml ion of pregnancy, nutagnHH F arid fetal 
growth relaidaticm. Later in pregnancy, drug effects in 
Che fetus may be manifestations of the pturrnrcody- 
Dlinlct of the drug. Predicting thri' l"ela.l toxicant nature 
of 4 i putfculir drug ui llk* absence of data supptutmg 
safety during all stages of pregnancy is difficult. When 
selecting drags for use in pregnant animals, erm-sidera- 
tmn should he given first to drugs specifically appro veil 
for use and with demonsrraied safety in pngmivt ani¬ 
mals of the species. Few -other drugs a conservaL Ttt and 
prudent approach is to regard such deugs. as potential 
development toricaatt. PapLeh and Davis (IW 6 ) and 
Murray and Seger ( 1994 ) reviewed relative rivks in 
pregnancy of a large number of drugs in common use 
in vetefiuuy and human medicine, respectively. These 
reviews are useful when considering option for tixrat- 

ing pngnaol mi rails uriih drug* that lave turn been 

evaluated specifically for safety during pregnancy in 
the target species. 

Llrue Therapy in Nhi natal nod IVrli:ilric S p atiL iils. 
As with treating pregnant animal*, drug therapy in 
neonatal and pediatric puLienLs poses unique chal¬ 
lenges.. Few drugs ;ure Specifically approved for young 
animals, und physiologic difference from adults of Lhe 
species lead to important differences in drag disposi¬ 
tion. Fid Jewing topical adnunistralion. the rale and 
extent of drug ibuvptiod are enhanced dux: to an imma¬ 
ture barrier 1o percutaneous absorption (Besunder et ■!. 
19880. Absorption from Lhe Gl tract may be affected by- 
variable gastric emptying rates, irregular peristalsis, 
and Increased permeability of the intestinal mucosa 
during the neonatal period (Papich and Davis 19H6; 
Besunder d ill 1988), The volume of distributton of 
must drugs h greater in neunates due lt» proportional ly 
greater body Vr-alcr awiLenl. purtleularly extracellular 
fluid volume, and decreased pla-sma protein binding 
du&> in pan. [u lower plasma 4dbumin conccfltfklkMt in 
neonates. Further, full development uf ihc hUMxl-twain 
barrier may not be complelc during lhe first feu days 
pHfpflftUlD, fuucilitaCing dbtriblltloft <rf drags to the cen- 
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tral nervous system chat otherwise would be restricted 

from it {Short L‘ L Wi-4|, The pro p o rti onally lower amouni 

of adipi^se ii*xue in neonates limits drug «wquestering 
in or redistribution lo adipose, a proem important in 
terminating the eflxO of xhnrt-aeting tfiioharhituraic 
anesthetic agcni* (Branson and Booth IW5h 

Although species differences out, hepatic hiotranv 
fnrmtflion mechanism}; are relatively immature in 
neonate*. Riotransformaiion processes mature within a 
few days* pnsipartum in foals hut may take M weeks 
in other dnatk animal species tPlipich and Davis 
l9Bh: Short 1904), GlomerularFiltration by the IddKyt 
appears linuLlnp only during the First lew dayv posCpar* 

turn. However, tubular w^reLiom. important fur elimi na¬ 
tion of many audit: Of bfldtk drugs, may Lake 3—4 week* 
Up fully develop (Stunt 1984). Applying dctilje regi¬ 
mens designed for mature animals Lo rteotialsd and 
pediatric puLi-ents may result ill dftlg accumulation dtW 
to differences in drag dispt*siLion and adverse or toxic 
drug vocflions. In other situations. drugs safe in mature 
animals arc inherently unsafe or potentially toxic in 
young animal*. txamples oF the latter drags include I he 
antimicrobial agent* tetracycline*, sulfonamides, and 
JluoncK|uinnlonc*. Based on known differences in drug 
disposition pattern* in young animal*, it may be possi¬ 
ble to adjust adult dosage regimens lo minimize Ihe 
risk of adverse experitairve* in young animals, Fwr 
example. miivQglycofkk untiUotics may be *afe and 
effective in mtutB if die dose iuhl dosing interval sre 
bach increased co account for Ihe larger volume of dis- 
irjbuijon (Wilclcc 199 I j and reduced renal clearance. 

Drifts Therapy in Geriatric Patients, As with pedi¬ 
atric patients, tailoring drug therapy Lo I he individual 
takes on great importance in geriatric patients. Among 
aninuds within a species the aging process can proceed 
at different rates. us is seen among different bnwds of 
dogs. Older animal* are more likely than younger uni* 
iimls lo receive mulliple drugs Co manage diseases of a 
more chronic nature. Aging results in physiologic 
changes LhaL potentially alter drug disposition and mjy 
lead lo enhanced m Uttic drug effect*. Although ail for- 
malion on specific age-relaled changes in drug disposi¬ 
tion in domestic animals is scarce, qmlttative predic¬ 
tions of eUtofci of aging on drug absorption,, 
distribution, metabolism. and diltilutiHl can he hased 
OA general know Ledge of age-related physiologic 
changes. 

Willi age, gaxtnc pH is increased. gastric emptying is 
prolonged, and til mntility is weakened fRkldie] 
19®7k The consequences of these physiologic changes 
may include a delay in disintegration of tablets and 
capsules. alteration of Ihe degree of drug ionization, 
and decreased mining id' OB contemn. causing dower 
dissolution of orally administered drugs. Prolonged 
gicsiric emplymp may delay transit of drugs Tr\>! 11 the 
Momach to ihe small intesLinc. the site of absorption of 
most orally administered drugs. The surface for absorp¬ 
tion from the G1 tract also decreases with age its 
iniwnivilli and microvilli atrophy, Ttiu sum cflbct of 


these physiologic changes may he a decrease in the rate 
of drug absorption with lesser or no effect nn the extern 
of absorption. 

With age lean body mass decrease^ as the proportion 
riS adipose tissue increases and Lula! body water 
decrease*. TTte volume of distribution of lipid-soluble 
drugs may increase, thus prolonging half-life.. It i* 
likely that drug distribution into body fal does not cor¬ 
respond to distribution to the desired site of action for 
mosl drug*. liras efficacy could be diminished j Aucoin 
1«»). In contrast, water-soluble drags will exhibit li 

smaller volume of disirihurmn (Rjtecta! IW7) r Alw 

potentially affecting volume of distribution ita feduc¬ 
tion in plasma albumin cnncenlralion and a decrease in 

Lhe mount of drug bound to ptami protrin. For drugs 

highly bound n> albumin, the proportion of free drug 
may iiKKni!-*. lead bog lo more drag avilibk for inter¬ 
acting with receptors and augmenting the intensity of 
drug action or leading to adverse or toxic effects. 

Drug metabolism consists of bioCran-sfcantftiitidil Otf 
drugs lo ilfeure polar voiflpuiJild*. Metabolism generally 
occur* in Ihe liver: however, biotnmsfonuulion vail 
occur in the kidneys. Ottaf I issues, and plasma The 
dTecLs of aging on drug metabolisili appear lllirliilUi]. 
Reduction in hepatic blood How. which occurs with 
aging, decrease^ bimrjns-fi.»rma[iiai of drugs wboK 
hepatic metabolic rate is blood flow dependent, as dis¬ 
cussed in the next section (Ritschcl 19H7: Aucoin 
IP89) r 

The greatest dilference in drag disposition between 
older and younger patient* is ihe rule of drag elimina¬ 
tion (ReidenbcTp I^H7k 1-unctional renal muss and the 
number pf lunctionaJ nephrons decrease wilh age. This 
leads tin 41 reduction in effective icnal plasma flow ^nd 
glotMulir filiraLkm rate (Ritschcl 1987). These aging 
changes, in renal lUnction, inalognu to changes 
Otoerved ill pa 4 icnl.\ with chronic renal failure, lead to 
a decrease in tliC raiv of etiflUDStioil of drug* and drug 

utibolites nonuJIy excreted by the kidney?. {«e 

below k 

■ 

Drug Therapy ill Pnfienl* with Liver Kailure. With 
reduction in hcpaLic blood tlovr, drags with MdOd-flo-W- 
limiicd hepatic melatK^lism may accumulate, Although 
the content and activity of both phase I amJ jihase H 
liver enzyme* decrease, hepatic meCatK^lism of drugs is 
probably noL overwhelm'd until ah cxitfeme !i.jss 
( greater than RMb) of liver function hm occurred. No 
i#deqiL;ite routine- hiochcmical test exists thal correlates 
With hcpulic drug melaholism, and Lhu* close patient 
monitcifing ^ needed loir evidence of drug toxicity. 
Many drags in common use are well Eolcrated in 

palienls wilh tepistitf JyK.fufe?iU*n. In general, p-L^|am 
aniiinkrohial agents, ore *afe. wherea.* lincosamide*. 
ni^crolidcs, sulfonamides., and chloramphenicol are 
avoided in hepatic-lailure patienLs (Bunch 1995: 
TitllM 19H4) S The glucocorticoids predniM^ne aitd cofli- 
Mone require reductiofi of the ketu group at C-JI hy 
tapatic enzyme* before these drags are UofogKllly 
active t Chastain and Ganjain 1986) and are he*L 


Cfinpitr4 f flu fliL WAiiiManny: munttin roi—HAiiHmnt / Murk J, flcvopfy f AS 


avoided in advanced hepatic insufficiency,. Pred¬ 

nisolone and hydrocortisone [ire suitable alternatives, 

whereas lung-acLing ghKUOftittidt 4ire generally 

avoided unless pmwlial benefits outweigh the riskx of 
prolonged half-lives. 

Drag! Therapy in P-itu-nts with Rtnul Failure. In 

relation to drug therapy, the most profound changes in 
drug disposition accompany renal failure. With age, 
functioning nephron mass diminishes, as doc_s tubular 
secretion and the ability to concentrate and acidify 
urine, Chronic renal failure is common in aging am- - 
mats. Drug disposition changes associated with chronic 
reniil failure include diminished clearance of drug 
excreted by the kidneys and alterations In drug duttb , 
huiion patterns. With uremia, protein binding and 
hepatic hiotransformation of soma drugs arc decreased. 
Hence drugs that normally are excreted by the kidneys 
may accumulate, increasing the risk of ADEs. Drugs 
such us ominijgtycusides lhal are Mpbotoxic and 
undergo renal elimination have enhanced nephrotoxic 
potential. Thus. neptmUMtic drugs should be avoided in 
patienis with chrunic renal failure. Further, drugs 
requiring renal ocntkn should be avoided unless 
AKunuliikn is rehlhdy iimououi, Alternatively, to 
compensate for decreased clearance, formulas for 

Adjusting the drug dove, dewing interval* or both may bo 

applied to drugs that may accumulate in renal failure 
tPapich |W5 l Ptilrin ot al. 2fKXH. These formulas arc 
based on ihe reduction of glonwular filtration Me, 
generally estimated from a reduction In creatinine 
cLeaf mice in chronic renal failure. For some drugs 
plasma concentralicms may be measured midi I y in the 
clinical setting through therapeutic drug-monitoring 
programs. with dosage adjustments based on estab¬ 
lished safe and effective plasma drug amcenlratinnh 
(see bdow). 

MONITORING RESPONSE TO THERAPY. A 

final aad kttpofUH flHUkkndn in designing drug 
thenpy is eMahlidiing a priori whu end points. and 
changes In those end poinis, will he muni toned |Qtmn 
response to therapy (Ccvppoc and Stuckey 1977: 
Hcwotny 1993a), Pliuis should be esiublislicd toevulu* 

ule lhe results of theory. Variables should be monitored 
fio determine whether the animal is responding BO Ireal- 
vnent. Cnleria should be established tor what cQajlj- 
tutes a ‘"cure”' or for concluding there is a lack of a ther¬ 
apeutic rupoHt, The clinician -should determine when 

an initial response to therapy might occijj. Considera¬ 
tion should be given also to follow-up procedures and 
ikmuive Lherapeul it strategic*.. 

For many diseases the end points fut monitoring 
therapeutic mpout may be simple clinical observa¬ 
tions. For other diseases monitoring may include 
mpQflKf seen in clinical pathology variables, or radio- 
graphic findings. Monitoring end points in chronic dis¬ 
ease* of older patients is partLcnlauiy important and 
chiilbiriijfiit^.. us hillmv up l:; m: may be fiirg4itu^n N pre¬ 


scriptions may not he filled, enthusiasm, compliance, 

and vigilance may wane, and economic factors muy 

limn u-hiit Lhe Client is willing and able to provide for 

che animal (Kay 1994), 

Therapeutic Drug Monitoring. Therapeutic drug 
monitoring (TDM) can provide the prociiiioner with 
information, useful in tailoring drug therapy io the indi¬ 
vidual patient. A clinical need for TDM may arise from 
a lack of ihcrapcuiic response, suspected drug toxicity, 
or the desire Us confirm a therapeutic approach. Thera¬ 
peutic drug monitoring of plasma (or serum) is the 
quunLification of either the free or Lhe total plainu con¬ 
centration of drug to assess whether a particular patient 
has, attained sufuhcrapculic. iherapcntk, Of toxic 
plasma concentrations iNefT- Davis I9SH|. Generally,, 
drugs have a characteristic piirma conL-entration- 
respunse reloJlionship. and clinical response correlates 
belter with plasma concentrations than with the admin¬ 
istered dosage (Jcrmgon 1991k Much id the variability 
in pharmacokinetics- (drug absorption, distnhution, 
metabolism. and elimination) between animals is 
reflected in plasma drug oodHUiMiou for any given 
dose administered. Insight inlo the effect of a itinrawr 
process 00 phatTnacokmetufis may be gleaned from 
knowledge of the plasma concentration pmfik of the 
drug. 

UlflitatHHI L>f TDM in veterinary IfHdidlK restriel 

its practical application to only a few drug% at present 
(Pipicb 1991). Therapeutically effective plasma coo- 

cntnlHni must he defined. Similarly, plasma concert* 
trail ions that arc sublhcrapeutic or toxic need to he 
established. A cofl-dfectm r clinically applicable 
mcihod for analyzing; ihe plasma (w vermin cnHflltlt- 
Cum of the drug must be available, and for bosk drugv. 
the results of Lhe analysis should he available prior to 
administering ihe next dose to a patient vo ihoi dosage 
adju-stmenls may be made. Furdrugv applied topically 
ikt that have transient effects, there is nn \aluc in mea¬ 
suring plasma concentrations. For drugs with minimum 
interpuLient variability in drug absorption, distribution, 
metabolism-, and eliininadiut. il; is less likely that the 

OpdiniUD dosage regimen differs much between 
patients. 

Thus, TDM ts of value when a drug as^ay m avail¬ 
able in the clinical setting, Lhcrapeutk and toxic drug 
concentrations are known. Lhe pharmacologic effect is 
pmpnrtional to the plasma drug concentration, ;un1 
pharmacokinetic properties in Ihe species are well 

ehmelartaed. WiUl significant intcrpOl icilI variability 

in phurmucokinelics tPapich 1991), Drugs that have 
been monitored in veterinary mnticilK incImJe ihe en¬ 
due glycoside digoxin. the anticonvulsant phenoharbi- 
CaJ, mcthyUantbines (c.g^ aminophyLime, theo- 
phyljmek cardiac antiarrhythmic agents such as 

UdocailK and pfTCtkumkfe, and antimicrobial agents, 

Of the tatter, TDM m particularly useful h* muni hiring 
plasma concentrations- of aminoglycoside antMotici 
ie.g.. gentamicin, amikacin), as ihcsc drugs have a low 
therapeutic index, and pbaitdanlriocbcs can be quite 
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viLTimhlc bvlween paitkflta. For drugs with null thcr-ii- 
poutic rndtces. TOM can aid in optimising dosage reg¬ 
imens in ma.tiini« henefils and minim ine risk. While 

TOM h ii valuable tool chfil incfe-iLi'Cis iIkt likdihoud uf 
therapeutic success, TOM will not replace (he clini- 
diUTi good judgme.nl or gtwd otnerviticnil skills in 
muni Luring response Lo therapy (Jfiflligffl IWt). 
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INTRODUCTION TO NEUROHUMORAL 
TRANSMISSION AND THE AUTONOMIC NERVOUS 
SYSTEM 


H. Him AKI) ADAMS 


OrgLuusutinfi iff the- Autonomic Nervmus System 

Sympathetic N w System 
l^r^Esytklpa-thetic V«rvoiM System 
General towfpU of Autonomic Fimctkin 

Auinaikirttti l ] nUfireblJmKhi|K 

Organ Responses tu Autonomic Dk’hiiri^ 

Information Transmission 

Central Integration of Autonomic Activity 
Niiirdiuiiiuol TtliilsffilssliHt 

Cjfiiftiil Concept 

Physiologic Events 

Adreitergk" NemdMimoral TransmtaJaii 

CatechntamiMs 
Airawi^c Receptor* 

Receptor Subtype 

Chulinergfc NeunMniisnflte^^ 

S> nthesis, SEnrage, Kiitusi 1 , and l "alubulisnn itf 

AC h 

Chnlincrgic Receplnn 
Phurniacfilngjr (junsideralions 
Autonomic Receptor Sties on Mem Terminals 
Putative Neurnhumoral SubsEanecs 
Nitric Oxide 

Nit ric CHk Ur BfaHyftthesla 


PhormsM^iJuKlc Moduitkin of Nitric Oxide 
Sjttlhesli and Act inti 

Physiologic Roles Proposed Par Nitric Oxide 
fi Pnitflifi and Cyclic Ntideettttei 
Aultmomic l>rup?s 


Fnnuuy diseases of the autonomic nervous system ure 
Infrequently encountered in dumesLic animals, and yet 
drugs that alLer iiuLunomic activity are used daily in the 
clinkal practice of veterinary medicine. Physiologic 
functions of diseased urgart^ often arc still responsive 

[11 their nurviHus supply uud may favorably rcvptifkJ to 

drug* that induce autonomic elTects. Also, autonorriic 
blocking drugs are often used prior K> anesthesia tu pre¬ 
vent inadvertent stimulation of autonomic influences 
un visceral tissues and, furthermore, certain autonomic 
drugs are life-saving jnEidoLos to particular types of 
chemical intoxicants. 

It is obvious, therefore, that a thorough compnehen- 
sion of autonomic phannacolofy is required for a 

rational approach to therapeutic management of ■ wide 
variety of clinical disorders in animals. 
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ORGANIZATION OF THE AUTONOMIC NER¬ 
VOUS SYSTEM. The autonomic nervous system Ls u 
peripheral complex ol nerves., plexuses, and ganglia 
thm ate organized So modulate ihe involuntary activity 

oF s«retory jitond*. smooth muscled, and 

organ*. Uni* system Functions ro sustain bMWHiMfc 
cofinditions during periods of reduced physical and 
emotional activity and, equally imponam, to assist in 
internal bodily reactions to stressful cirnnstHlKH. 
The autonomic nervous- svsicm also has been termed 

“eiS 

che vuccaL involution.'' or vegetative nervous system. 

In relation to clinical pharmacology, ihe most iiujior- 
tans components oF the autonomic nervous system arc 
the oulffow (efferent \ nerve tracts. Efferent autonomic 

Bn 

tracts supply motor Innervation to visceral slructurcs. 
The efferent segment oF the autonomic nervous system 
is divided into tw priiKipul components: the sympa¬ 
thetic nervous, system and the parasympathetic nervous 
system. Sympathetic and parasympathetic out Flow 
traces comprise preganglionic neuron* and postgan¬ 
glionic neurons. The cell to*Jy of a pregas'igliitiiic neu¬ 
ron is located within the central nervous system ftTNSk 
The synapse function) of a preganglionic axon with a 
ganglionic neuronal body occurs ouisidc the CNS 
within an autonomic ganglion. An axon oF a ganglionic 
cell passes peripherally and innervates its effector 
organ or organ substructure. The junction of a postgan¬ 
glionic axonal terminal with its effector cell is termed 
u. Muroeflcctor juaefckn. 


.Sympiih^k Nervous System, The sympathetic 

WIVOB system is oflcn synonymously referred Lo as 
the thoracolumbar outflow lwau*e of its jinalomic ori¬ 
gin (Fig. 5, it*, Sympathetic preganglionic fibers 
(ixoni) originate from cell bodies localized within the 
Lntermediolaieral columns of the thoracic and lumbar 
regions oF the spinal cord. These fibers are myelinated; 

they ex if rhe spinal cord with the ventral (interior) 
nerve nxi* and then finm bundles < white rami column- 

h 


nicantc*) before entry info the pamveiichral chain oF 
sympathetic ganglia Cray rami coirainitkutes are 
composed of nonmyelinaLcil postganglionic fiber* than 
enit the sympathetic chain -iuid reenter spinal nerve 
rows, to be distributed to targeL structures (sweat 
glands. Mood vessels, hair follicles) within the limbs 

and body trunk.. 

Paravertebral (or vertebral) ganglia are loealed bQat- 
enlly to ihe ventral atpccte of the venebral column. 
Ganglia on ciach side use iniercnnncctcd by nerve fibers 


tn form sympathetic ganglionic chums that extend into 
the cervical and sacral region*: however, ganglia tn 
Lhese areas receive fiber* only from i)k dHnKtthunbw 
spinal cord. 

Upon entering the sympathetic ganglionic chain, u 
preganglionic liber may Lcrminatc in one off several 
manners. It may synapse with a neuronal body located 
within the immediately adjacent ganglion. it may 
ascend or descend the sympathetic chain and synapse 
with a neuron of a distant ganglion. or il may pass 
through the chain und synapse in a prcvcftebfll gan¬ 


glion rather ihan in the vertebral chain. Frevertchral 
ganglia are located more peripherally thun the vertebral 
chain and include the celiac, cranial | anterior! mesen- 

■ am 

heric, and caudal (posterior) mesenteric ganglia. They 

supply fibers to abdominal and pelvic viscera. Sympai- 
Lherre-contM to the lie-ad and neck arises from cranial 
(interior, or superior). middles find caudal (posterior, i»r 

inferior) cervical ganglia. Fibers From the cervical gan¬ 
glia pnd ihe enterin' thoracic ganglia innervate the tho¬ 
racic organs. 

Sympathetic postganglionic fiber* an usually reter 
fively long since imt sympathetic ganglia me touted 

in close proximity so the spinal cord \ Fig. 5J) P Sympa¬ 
thetic preganglionic fibers may ramify, form plexuses, 
and suhwqucnlly synapse wiih numerous different 
poslganpliomc cell bodies. Furthermore, one sympa¬ 
thetic ganglionic neuron may he innervaicd by pregan¬ 
glionic fibers originating from several different nerve 
bodies, Sympathetic discharge may, therefore, affect 

several different target organ* and organ substructures. 

The adrenal medulla is m cxitemely impoftaon com¬ 
ponent qtf she sympathetic nervous system. ft iscinhry* 
ologicaily and functionally homologous to a sympa- 
ihetic ganglion bul dries not contain pnstsyn-npfie 
neuronal cell*. Instead, sccrclory d n uffl lffin cells are 
present. They ure inucrvaLcd by typical preganglionic 
fillers that issue from the midthorucic spinal Lord. 
Adrenal chromaffin cells contain epinephrine and nor¬ 
epinephrine; chest hormonal substances are ire leased 
From the adrenal gland into the circulatory system. 

Para*>mpathitic Nenmis System. Pinisynipinhetie 
outflow tracts originate From the midhriiin* medulla 
oMnpte, -uid HCllJ spinal eoncl (Fig. 5,2), The 
parasympathetic component of the autonomic nervous 
system is referred to anaiomiLally a* the crjQKBKTa) 
oulffmv. 

The vague nerve (the l(Wi cranial nerve) is the most 
important pafasyrapadietic nerve irunk. ffli arises from 
Ihe medulla oblongata and sends efferent fibers to all 
thoracic and abdominal viscera from the caudal pha- 
ryngeal region to [he cranial portions of the large colon. 
Fibers from fhc spinal accessory nerve tilth cranial 
nerveK may also join the vagus trunk. The facia] Oih 
cranial novel and glossopharyngeal i\Hh cranial nerve! 
nerves arise from Ihe medulla ohhmgalu and carry 
parasympathetic fibers Lo variou* glands and smooth 
muscle* within the head. The oculomotor nerve (3ed 
cranial nerve] carries preganglionic efferent libers from 
\2w Lidmger-WcMphiil nuckufl ot ihe midbrain to the 
ciliary ganglion ihur ihen wppUH (nwlganglionic auto¬ 
nomic motor fibers to ocular structures. 

TFiC sacral portion of the parasympaLheLic system 
comprisn nerve fihcrs arising From the sacra] spinal 
curd These fibers form ihe pelvic nerve*: they termi¬ 
nate in ganglion cells located in the colon, bladder, and 
sex organs, 

Pftrasympaiheiie ganglia are lt>cali/cd more periph¬ 
erally I3iii.ru sympathetic ganglia und usually are close to 
innervated structures. Tn many cases, parasympathetic 
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TABLE 5,1—Typical responses of effector tissue* to sy inputbrtk and parasympathetic nerve inipiiHsu s 

Effector feissur& SymjMlheiie-nKdiuMd res-ponscs 1 Pwiyii^aitek-riicdirtHl responses 1 


Heart 

Sinoatrial iSAP node 
Atria 

Atricwifnlricylaj (AV) node 
His-Ptirkmjc system 
Vfcnlrides. 

Blood vesdi 

fun. i nun* 

Cutaneous. mix-DnaI 

Oendiral 

Sfcda&aJ nude 

Splanchnic 

Renal 

Genital 

Vcms 

EmlmOieium 
Ci I tract 

Sraoudi muscle 

NphiiiLlL'n 

SflfnbHfl 

Cialllhlndticr umL duel * 
Bronchioles 

Snwnh muscle 
Gtmfe 

Ejw 

Kudiul muscle, ins 
Sphincter EDUBcftCg iris 
til m y nnlKclu 

Urinary bladder 

Fufldta 

Trigone, sphincter 


General ^xtilulHxn 

P,—increaic heart rule 
[i|—increase: contractile- force, conduction 
velocity 

P,—increase auiomsMiciiy, cun due nun 

velocity 

P,—increase ajfcvuikky. cunduL-tiun 

vckxrily 

p.—increase contractile force, conduction 
vclucily, ini nubility 1 

Ot,—cvmxirjcliiHi; JJ,—dMuhonr 1 

□,—consiriciion 

e?,—ronriricliovr. 8—dilation 
a,—CHLstrkttonc p -diiLiiHTii^ 
c<—constriction; [i,—dUaikm* 
a, —con strict tan: p!—-dilation* 

□—cm gin cum 

cl-— d illation 

■ 


C leneul inluhilinn 
IXviuu.lL- heart rate 

Decrease contractile force 

LXciluhc efladurijiorh vdkxiiy: AV Mod 


Decrease contractile force 1 


Dilatiwr cniHUrkciptf 

Dilution’ 

n injur 

IhluLiun 

Dilation 7 

Dilation' 

f>iUiL inn 111 


C XrK.ru.I inhitHEiuit 

P,—relax alaon: a—relaxation 11 
a- ^mlracliian 

IXucCif-vr ■: uMJulk > 

RdiMbon 

p,—relaxation 
Inhifabjuri C?) 


(iiTMirruC L il'iLuI kin 

[ncTCSAe motility and lent 
Relaxation 

IiLlTUU^.U 

Contradmi 

Contraction 

Silinuiliitiofi 


Q — cunlTULliofi trnydruisisi 


lelixatjnn; for vwian 


CiTiiirucuoik (nlnk) 
Ccntndkn; near v isixsti 


ITinury retention 
p -rtuinn 
a—eon endian 


Urination 

Conlradkai 

kuluxutiun 


cuntitiaed 


ganglia are within innervated pfgans. Accordingly, 
postganglionic pariLsympathetu: fibers are usually qui le 
short. Purasympalhelic discharge usually as, discrete 
arid affects specific effector systems individually. 


GENERAL CONCEPTS OF AUTONOMIC 
FUNCTION 


Autonomic InlerTeliitlMlshlp^ Most visceral organs 
arc innervated by both jMPUynvuhflic and sympa¬ 
thetic divisions, (Figs, 5,1 md 5,2). often producing 
cnnirasiing effects on the same structure, For example* 

pare s ympathetk fibers of the vagus nerve elicit a 
decrease in heart rate, whereas sympathetic cardiac 
nerves accelerate heart rate. Such redpmcajling rela¬ 
tionships allow varying degrees of qualitative, as well 
as quantitative, changes in organ function, depending 
upon the relative needs of the organism (Sinesse et yj. 
I; Low I9V3). Principal organ responses mediated 
by sympathetic and parasympathetic discharge are 
summarised in Table 5.L 

Aiwdw uttportiinl aspect involves Ihc unmasking of 
parasympathetic or ^mpaihetk activity when Lhc 

opposing system is Mocked For example, gaewaliueaEL- 


nal (Gl) functions are normally under parasympstbaic 
dominance. Enhanced activity of this division dkitt a 
pronounced! increase in Gl secret km and smooth muscle 
motility. However, sympathetic nerve traffic causes an 
inhibition of smooth muscle activity and secretory 
processes in the Gl tract. Abolishment of parasympa¬ 
thetic control produces! a quieacent. hypoactiwe Gl tmx 
characterized hy sympathetic dominance. Blockage of 
sympathetic ooncml lotheGl tract accentuates pamsym- 

pathetic acLivily. Such relationships ore important to 
clinical pharmacology and explain why the response of 
ail individual to a specific aulonnmit: drug may present 
a>. □ complex change in sympaflhrtic and parasympa- 
dlflfc activity (Freeman and MiytWiki I W3 )l 

Grgjtn Resftfinses to AwlOHfnlc Diuharge. Fhe 

syntpiiilhelic outflow travel ami closely associated adre¬ 
nal) medulla are often referred to as the sympathoad¬ 
renal (or s,_y n i jiiil In. i a d re n l hiksJ u 11 a r>> axis. This axis is 
extremely reactive. Activity varies discretely on a 
ntoment-to-imment husis tonsisieiu w iih the needs of 
ihc organism. Thus small changes required for home¬ 
ostasis arc readily accomplished. The sympathoadrenal 
axis can alvidischaigc in a iiiul-ss jL-tiim yffeiing virtu¬ 
ally all sympathetically innervated structures. Such a 
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TABLE 5 A—continued 



Effirefenr ihmeii 

S) in|MUiL"ln -iixdiiilL-d ruspuusCs 

I'litj 1 ! y ri t|>al he t i u -111 Lrd i a It:d ic^puikves 1 


Splcn il LupNiik" 
SWCUl uluildn- 

SaJivary glands 

PilnOTCtoT miht; Il'% 

Kidney renin release 
Uterus 11 


Cl—cumjrrcLiLira, f5. relaxaluin 

Seerciuwi {dholiaergbc): 13 |i 2 -—•Kfetioa 

(hone) 

di ( — scant. viscous secretion Phutfuse.. watery secretion 

ci—■mnlntl inn 

Qk-decrcu.se; p,—increase 

ci,—coindNiii p—ftlnubii Contraction 11 

(rwxnfirugnunl > pregnant3 


Genitalia 

Male Or—cjiicubiLiPiv 

Female 


Erectkw 5 
Erection 5 


Secretion of epinephrine > norepinephrine 
{choliPCETficl 

Gungl ionic discharge (cholinergic) Ganglion ic dischargc lfc 

p.—glyeogenolysis and gluconcogerirsh 
J <a in one specks i 

a, — dec reave Mention; p ,— increase 
S£!CnfliMil 1 

ci—decrease secretion Increase secretions 

flj-——lipislysis 

cl— dwnPBMB release of norepinephrine 1 Release of nocepuKpluine 1 

P T —ncmic release or nnnepinepiinrie 
ttj—ngpepRHD 

Noler Superscript numbers are (Mined m follows; {Ini and p grate |h c principal ndmHicqpinrlype wihsservillg a 

m pome. ^ a,. |5 ( jmdp, designate the rcccpior subtype. Tbc usual receptor types arc pre^nted; contnkTabk ifftersfneits sari- 
ntion esc isK pntinkirtv wMi reference to subtypes. (2) Estept when otherwise designated (e.g*, ganglia)* pnmsympatheLic 
resp*snses ,ire subserved by vnusaink receptors. 13) CatethnlamineMnduted imlLiNlity of I he vnyocwditim nifty be asauckted 

wilh ft and ft HttpUm; syaUfllJc prnhtf KdfUfto* nuy cuflLfihuli:. J4) Mlwe*Hil*C HCqHflh subserving dtrLOrascd CtthtruLldiiy 

are demonstrable in ventricular muscle, but the significance is no I definitely known. (5) In small coronary arteries. '& receptor^ 

ure nKHre nmnuniUK, mrMnp stfiiiifive* and/ur mure ruNpmiflvvif I.Juil €i rtCL'flifnrv. In Ljrj.%* L^mMiujy urCmi^ ft nroL'plun*. c.aifl bn 

deiiiiinwiraiL-d |Si and ft subtypes diffci depeiidinp upon specks. (6) Depending upon e.ipenmenial oondlciowL, cholinergic 

(fen h conuy blood vessels have been reported as both conMficSion and dilntion (Kalsner 1989), (7) Arterial anooth mus¬ 
cle grtiiH-ally iis not Innervued by the pwirympidhelk! nemnu system tweeptkww incltadte Wood! ueuefc of «ytslia|. Thu*, 
cholinergic receptors in nui^t arterial tods are in* uucijtid v» ah pmsyinpotheiic nerves. In certain regions ic.g.. arteries of 
dtelcsal muscles) sympathetic cholinergic Yuoditator fibers are present, hut IbeirjphyuDlopc importance is poorly understood. 
«t‘B) In ■.k.L’kM.il muscle arluri^ P receplcm are rikwc semi Live chan Cl nxepLviri. [9) fl iceepCurs uf vivecral bkiod Vesieh scum les^ 
important than a receptors. 1 1U i hruy ittpatlici ie-induccd dilation of gcniLai blood vessels (which eonuihuies 10 erection j is mx 
mwlinkd by ACh: the neurotran^mitler is belwved to be nitric oxide; see (15) heb™% (K1 1 p-inhibttcify rewploFs may be local¬ 
ised on siihwLh nuisek edli. whereai odnJhiJbtboffy receptors may be- localized on parasympathetic cholincrpe k^diaiory ) gan- 
gHnnic «I1 b uf Atietbach^ plexus. (12) In bum uts,. sweat glflitds are innervated by posEjtan jIicKiic ■■■:■ inpiitlielic anons that release 
ACh ^i.e., duliiw|k) nther than txirepinephnne (Lhl, adrenergic]-. Ln domenic ajiimals. however, sweat glands are regulated 
by adrenergic (e|.»hMK)ir cholinergic rnrehanixm*. defending upon spares ukI type of gland (Ruberl^hnw hJW)-(l3) Uter¬ 
ine rcs[>.ins*fs \ury Jupendiny uni apedes and stage nf trstrus, prugrinmCy, and munslru^l eyeftfi (when present). (14-1 Qmtnieflhle 

responds dommale;. cholinergic drugs can induce severe nyometrial conlnidiwH and abortHm t (l5)5iiwotf) muscle erectile tis¬ 
sue is related by par^ynkjKriheEic imgMalves. thereby leading to vascular space engorgetibeni and onecLion. The neurocransinEtier 
ut these sites is not ACh but is believed, to be nilm- oukk, C16) tiinglkmic trmsmission h subserved pn^tominarAly by nioMinic 

receptLin.. (17| Sec ( li jp. h I nr di >tril*-.il ism nl n and u. ree-eptur subtypes i n arteries. In many hkhtd ve»>c Is cndtslhclialreccp 

tons mediae l- siasodiloijoik thmuch the release or emdothe I ium-deriveil nilrie os.ide. In contJBsL, cl, receptors of vascular sniAHjth 
muscle subserve vimicLinstrkTicin. 
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utiiutry syrnpuithcsiidreiud discharge wcura in response 
to severe rage or fear and readier the organism for 
‘“fight or flightr Accordingly, cardiovascular activity h 
accelerated: an incre-use in heurt rate, myocardial eon- 
traiztile slrcngtfi. cardiac nutpul, and blood pressure is 
observed. Blood lh redistrihufied from splanchnic and 
cutaneous beds to voluntary skeletal muscles; bronchi¬ 
oles dtlale and respiration increases; pupils enlarge; 
and blood glucose concentniLton increases. The organ¬ 
ism is now better prepared Lei effectively lead to the 
sBimulus that in^Ligated the sympathetically mediated 
fighc-dr-llighl iCACtkn. 


Conversely, the pan^mpailKlic nervous system 
fuiKlknn mainly to reguUue local ized Mgm, changes and 

is not organized for mass actum- Whereas sppflielk 
acLivation results in expenditure of energy, the paiasym- 
pallictic system reads to generate and maintain biologic 
energy. Pnri^ympathclic activity therefore has been 
referred to as a ““live-and-lel-lbe^ - type of response 
(Adams I *977). Digestive brcakdnywn of nutrients, e.g., is 
enhanced by increased panisyiikputheik: lUdvity to the 
(il system. Myocardial osygen con-sumption and energy 
utUjziAiuit are decreased by v^gai-inediated decreases in 

heart rate and euntraciiJe strength of Use heart. 
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Hciw an Individual organ will respond to sympathetic 

Of parasympiiilKiie impulse traffic can be predicted by 

considering whether a particular physiologic activity 
would benefit ihe fight-or*flight respond {tymptuheik) 
or ihe live-and-let-live response (p^rjsyniipailwite), This 

physiologic concept is important to the pharmacology 
siudeni, because an understanding of how tissues 

respond to nutofwrnic nervous activity often can he 

extrapolated 1o understanding how tissues will respond 
to autonomic drug*. This can nave much memorization 
work; e.g., it is logical Uud an increase in heart, rate. 

npwbl contractile strength, and cardiac output 
would he beneficial to an effective rlght-cr-flight reao 
lion to rage or fear. Conversely, cardiac reel would be 
consistent with the sedentary condition of the livc-niid™ 
kt-live state. 'Ihus activation of the heart would be a 
result of sympathetic discharge, whereas diminished 
cardiac activity would he a result of parasympathetic 
discharge. Accordingly* a s y m p ulfou m i me ta c drug would 
increase cardiac function, and a pura&yrnpaihom tone t ic 
drug would reduce cardiac function. 

Digestion of bod obviously would not he required for 
an immediate sympalhcik reaction I a stressful environ- 
mental changes. I*hus sympathetic itcrvmiS system 
activity inliibits Gl function, wbercaa i^irasypripaLlrctic 
(live-und-leC-live) discfuuge increases G1 function. Accord¬ 
ingly,. a pyrnpalhuniiaiieLic drug reduces GJ activity, and u 
piirLsympalhominieGLC drug enhances Gl activity. 

One apparently contradictor aspect of synapalhetic- 
pamyrnpolhelk c Miami is quite familiar to veterimri- 
ans Occasionally^ some animals (especially dogs and 
noiihiinlan primates) dial experience profound fright 
will exhibit ■signs of increased intestinal and urinary 
bladder activity (Le„ defecation and mkturiuurl). How¬ 
ever. il should he appreciated that in severe incidences 
of fear it h likely that pwiwymparthetLc centers in the 
brain will be activated by overspill of central sympa¬ 
thetic impulses that originate from emotional cenLeis. 
Titus sympathetic inhibitii.uk of intestinal and urinary 
bladder activity may momentarily be overridden by 
parasympathetic discharge, 

Information Transmission, Information is communi¬ 
cated fiom ncrcc tu nerve and from nerve lo dfccbr 
organ by a process termed '"neunihumonil Enins mis¬ 
sion." This process involves release from a nerve ter¬ 
minal of a chemical neunriransiiiiuer Lhat reacts with 

specialized receptor areas on the innervated cell. Acti¬ 
vation uf the receptor instigates characteristic physio¬ 
logic responses in the effector cell. 

The ncuTutransmiltcral all ganglia (both para.sympa¬ 
thetic and sympathetic) and at most parasyrnpaihesk 
neuxodlector junctions is acetylcholine (AC'hi. In a 
lew 5 regions (e.g., erectile tissue of genitalia) the neu.no- 
transm liter at parasympathetic neumeflcctoi junctions 
is not ACh (KJinge and SjiKtransl 1974; Klingc et al. 
1978). Norepinephrine (noradrenalines the transmitter 
released al the majority of sympathetic neuroetiecSor 
junctions and is considered lo be ‘Uhe" sympathetic 
neunrUansmitter. At a few sympathetic IKyireffiKtff 


junctions (e,g„ sweat glands in human*) ACli is die 

transmitter. 

Nerves that release ACh are classified chemkftlly as, 
cholinergic nerves. Nerves thu release nnrepanephrine 

are classified chemically as adrenergic « nmbeow- 

gic nerves. A third type of nerve is classified, as non- 
iidrcnergic-minchnlLnergie (NANG) since these neu¬ 
rons release neither norepinephrine nor ACh, Instead 
these NANC neurons release nitric oxide as their neu- 
FPtrinimitfiej substance (Lowensiein et al. 1994). It 
now seems- clear, e.g., Ihal niLnc oxide as die NANC 
neuroiransmiller 
the section on nitric oxide later in this chapter). 

Preganglionic and postganglionic relationships of 
sympathetic and parasympathetic efferent fibers are 
shown schematically in Fig. 5 3 S which should be stud¬ 
ied thoroughly. Often. difficulty is encountered in cor¬ 
relating classifications id sy mpathelic and parasympa¬ 
thetic nerves with chemical classifications of 
adrenergic and cholinergic nerves An adrenergic nerve 
releases norepinephrine and is a sympaLheLic postgan¬ 
glionic nerve. A cholinergic nerve releases AO but can 
be a. parasympathetic preganglionic nerve; a parasym¬ 
pathetic postganglionic nerve; -a sympathetic pregan¬ 
glionic nerve; and. in a few regions, a sympathetic 
postganglionic nerve. The proposed relationships for 
NANC nerves, which release nitric oxide,, are also 
included in Fig. 5.3 (Anggand 1994; Adams 1996). 


responsible for penile erection \i 


Central Integration of Autonomic Activity, Atten¬ 
tion is usually di reeled toward the eflerenl adrenergic 
and cholinergic pathways of the auloifeufihic nervous 
system. However, atlerent fibers and brain nuclei lhal 
influence peri phcral motor functiun are equally impor- 
iUN when physiologic iiUeraclicms of the uuionumic 

nervous vysiern are considered. Afferent li bers irmismii 
IrLturruikn concernillg visceral pain, cardiovascular 
activity, respiration, and numerous other ingan func¬ 
tions from peripheral receptive areas io the CNS (Lung 
andSdlagyi 1991). 

AJTerent fibers are usually nonmyelinated and |ua 
into i he CNS along autonomk nerve trunks wdi m Ihe 

vagus, pelvic, and splanchnic nerves. SensKiry fibers 
often make up a. considerable portion of autonomic 
nerve minks. Nave bodies of sensory afferent fibers 
are believed to be locaLed in the dorsal rool ganglia of 
spinal nerves and in specialized vensury ganglia of 
antodomic nerve trunks. 


An autonomic reflex me h iiwioIvh passage of infor¬ 
mation along an afferent pathway, reaction of CN-S 
sites- to the received impulse, and resulting change in 
efferent discharge. Well-knowFi exiimptes involve die 
bamrceeptor (pressure- m strelchhsraifLlive) urea* 

localized in Lhe aortic arch and carotid sinus, and the 


chaiKHweptive cells localized in the aortic iicfa and 

carotid b«:?diL"s. [nl'ormatinfi eanccming blood pressure, 
blood 0 2 and CO vl and respiration is relayed from these 
site* via afferent fibers to CNS arcus. 

The hypothalamus is the principal supraspinal site 
involved ill modulation of Ix^Lh sympatlRHic arid 
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Ihctit tind- pm mi yiipBfcptk gangliu and *1 mm pm^ymputhrik HDOeflbclOr jnre.1 fc» N<K-qMnephrine iNCf) is Ihc neurctfmm- 
xniiotf released m sdttmgK. syinpaiheiie ixuN^tTeeior juuawms. 1See il-.il fur citLcpricinH.) OiohixTeie fibers release AOl 

Adrenergic fibers Trlrike- KE : . Sfimr nutemnniLr nerwk lire cLauti Fied Jn no iitk ir ^ 1 nerg[ic- n* mu:Ih > I i nereLc (NANCl ncumns: they 

ndoK nitric oside (NO), which diffuses into cffiStarodb vitiknd tlx- nwcsuLy of ooO surface reo rplw . Pre- and padgn- 
f lioniL nclflULirtihi|fr Cor NANC nerves ait puMhn. 1 = die ganglionic UansnuLicr serving NANC dbudd is believed cn Nr AO. 


pitnusympashctk wtftow (rattle. Autonomic partidpa- 

iiDn in rcjuliK-ion of hi nod pressure, body lemperaiure, 

carbohydrate metabolism. wucr-ekctrolyte balance. 

tmcxujI responses. wiwfamt, iiihJ steep is mediated 
through hypothalamic pathway*. The medulla nhinngofa 
eonULim nuclei ihat ifileprule blond pressure and rcspira- 
1iop t often LnteracMng with hypothalamic regions. 

Cerebral cortieal foci may ul*o influence autonomic 
iietivLly. The l^vlmian experiment air classic examples 
oC cunsciuus and emodonul bruin centers affecting 
pmphend uulunumic ucliviLy. [n these experiment. a 
dug Wfts repealedly led only alter die ringing of a hell. 
Lventually. ringing a bell would evoke an increase in 
secretory uLiivitv oi ihe 01 (net in utidpatkifi of a 
meal. Such husk" apaknti led Dunerous research 
Wfldtn lei subsequently propose dial certain disorders 
of body viscera may actually ftpwwtii pcyctric influence 
on central autoifenmic siics rasher (han organic disease. 

The phannanlqgk activity of certain drug.* is char¬ 
acterised by dmliinanl CNS effects rallfrer (llail periph¬ 
eral -mtdialed responMTN. Amphetamine, c.g,. affects 
periphemi adrenergic n e ut \,k iTcc lo r iwctiou; towever. 


ibe overall respnnse in amphetamine in un intact animal 

is ciuraLlerLzjctl by CNS stimulation. CTonvcrsely. mb 

drugs used for (heir CNS effects fttmquiliicrBj may 

also have profound peripheral autonomic aciions. The 
phenothiazine tranquilijen, may depress blood 
pressure ra(her markedly by blocking the inLcraclinn of 
norepinephrine wilh adrenergic receptor silcs in blood 
veasefa (Popovic el bL 1972). Such periphera] and cen¬ 
tral interactions should always be kepi in mind when 
the loLal pharmacologic profile of a drug h evaluated 
prior (9 its c I inical use. 

NEUROHUMORAL TRANSMISSION, Most anco- 

DQfnk drugs used dually cwrt pfimsry pharmaeLv 

logk" tdfvklH by kberilg wme essential siep in (he neu- 

mhuniLHal imiksmiThbiun pnew, 3 is ihe manuiiniiig 
portions of ihisehapler, the physiologic steps involved In 

iKUffDbumori] irninsniissinfi will be summarized, fn sub- 
Hqueot chap tof * . autoaooik dnags that affcci the immi' 
humonl tnuntodoa proeess in the parasy mpatheiic 
4ind sympathetic nervous system wfll be nuniHL 
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Gmenl Concept*, Discovery and subsequent charac¬ 
terisation of events involved in communication of 

information from nerve ho nerve and froth nerve to 
effector otgun represent major scientific achievements. 
Although numerous invesiipiurs haw provided vari¬ 
ous relevant information, the first definitive evidence of 


chemical ireurotranwnisston seems 10 have been 
ohteined by Loewi (1921) and eoworkers, In these sim¬ 
ple bui: scientifically elegant exfteriroents, Loew i elec¬ 
trically stimulated the vagus nerve of an isolated per¬ 
fused frog heart:. The perfusate leaving this preparation 
was perfused through another frog he-un. Upon stimu¬ 
lation of the vagus nerve in the first heart. Loewi 
observed that this heart was immediately depressed. 
Wathin a lew seconds, the second heart was also 
depressed. Certainly, the most logical explanation for 
llii.s finding was that stimulation of the vagus nerve lib¬ 
erated a chemical “myocardial inhibitory"' substance 
that was carried in the perfusate to the second heart. 

This substance, referred to as (vagus sub¬ 

stance). was later identified as ACh. 

The basic techniques proved by Loewi havc been 
modified and utilized by numerous investigators to 
map other adrenergic and cholinergic pathways.. ACh 
was found to be ihe chemical released from all 


(paravympaihetic and sympathetic) autonomic pregan¬ 
glionic fibers and most postganglionic parasympathetic 
libers.. Norepinephrine is the neuratramnailter released 
at the majority of sympathetic ucun.peffectOf junctHHB 
(Fig.. 5.3 )l Nitric oxide is the neuroiransiniiitcr dis- 

certain NANC neurons innervating regions 
of the GI tract, the vasculature, and the external genii- 
tilia (Anggard 1994; Lowenstein eL al. 1994) r 

Several criteria should be met before 3 chemical can 
be accepted a.% a neurrUransmilter: (I ) stivnuLal ion of a 
nerve should markedly increase the concentration of 



tile active substance in the efiluent, (2) the proposed 
mediator should be chemically and pharmacologically 
identified and characterized. (3) exogenous adminislra- 


lion of the cheimcal should identically simulate nerve 
stimulation. (4) other drags should have basically sim¬ 
ilar effects on responses, lo nerve stimulation and ihe 
proposed tran«i)cter wihMsmce. and (5) cellular mech¬ 


anisms capable of manufacturing. storing in an inactive 
form, and inactivating the neurutransmilter should be 

demonstrable (Lelkuwiti et aL 1990). 


Physiologic Kvenfc Events involved in tieumhumoral 
transmission ;u neumeffeeior junctions can be subdi¬ 
vided into axonal conduction, synthesis and release of 
the ncumtraiLsmitier. receptor events, and catabolism of 
the neurotninsmitler. 


Axonal Cqi muenw. Axonal conduction refers to 

the passage of an impulse along a nerve filler 1 , It is 
dependent upon selective changes in the permenbiIity 
of the axonal membrane to electrolytes. At rest, mem¬ 
brane potential within mammalian axons is approxi¬ 
mately —85 mV, This negative intracellular potential ts 
maintained at resi basically because the axonal mem¬ 


brane is relatively more permeable to K* than lo Na*. 
Nii* kms are in higher cumrenlTiitiDn in fiUncdlliliir 
than in intracellular fluid, whereas K* ions are in 
greater concern ration in iniracellular than in exiracellu- 
lar fluid. The relatively small amounts of K r Ibal leak 
into the interstitial space in conjunction v» iIh the large 
number of organic anions that are i ntracellular result m 
a net negative charge within Lhc axon. 

An a ction potential reflects, a reversal of the polariza¬ 
tion state present al rest and is the result ol pcrmcatuliLy 


changes lhal occur at the axonal surface as. an impulse 
is propagated along a nerve fiber A xuprnlhreshold 
stimulus initiates a localized change in the permeability 
of the axons! membrane, .Suddenly, permeability of the 
fiber to Na" is greatly increased in relation lo K 4 ; Na* 
moves inward in the direction of its Itarge decvochemi- 
eaJ gradient. This nwvemeot is. detected by m instaitta- 

nenus change in the membrane pmeniial in a positive 
direction. The positively charged Na" increases in con- 
cenlTiition within the axon; Ihe membrane potential 
moves from -85 mV loward zero and then overshot Us to 
the extent dial momcnLarily the inside of the liber is 
positive in re lation lo the exterior of the cell. 

Repolanzalion of die membrane occurs rapidly as the 
selective permeabilily characteristics of the axonal 
membrane are quickly reestablished. The axon onee 
again becomes relatively impermeable to Nu r and rela¬ 
tively more permeahle in K\ and the negativity of the 
interior of die cell is quickly reestablished. A schematic 
representation of axonal conductance and resulting ncu- 
rohumoral transmission events is presented in Fig. 5.4. 

Although the localized permeability changes associ¬ 
ated with an action potential are extremely short-lived, 
they elicit similar alterations in membrane function in 
immediately adjacent quiescent areas of the axon. Thus 
the action potential is sell-propagating. and in Ihis 
manner an actum potential is conducted along an 
axonal fiber. Over long periods the absolute concentra¬ 
tion gradients ol eleclrolytes are maintained by energy- 
utilizing transport systems such as the sodium pump. 
I Jut asOiial mefttlftae is refractory for a brief interval 
after the passage of an action potential,, thereby pre¬ 
venting antidromic and excess impulse trallic. 

Axonal conduction is insensitive Its most drugs. 
Even Icx'iil anesthetics must be used in high concentra¬ 
tions in immediate conLact with the nerve before 
excitability is blocked. However subsequent events an 
neurnhumitful transmission are quite susceptible Ho 
drug actions. 


NbUROTRANSMITTER Release. Release of neumi- 

iransmitter subs tarter is triggered by arrival of the 
axonal action potential at the nerve terminal (Fig. 5.4) 
(Klein 1973; Winkler and Htttnagl 1973), C§T acts to 
link or couple the excitation of the membrane (action 
potential) with discharge of neumtransiniitEcr from the 
axon terminal. The action potential initiates Sin inw;mJ 
movement of Ca** into the nerve temiinul from the 
interstitial space and/or superficial membrane binding 

sites at the axon teniriinul. inward movement of Ca + " 
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Mti. 5.4—SchLiimiu rfftnuptabof) uf neuftihiJinoriil tnminfcikiCL The omuI KtkM potmtiil iqmmti a \elf-jnopagaiin.o 
■dtpuliin/aflmn - rrpnlMVfll rnn cit lhe amp thilt IN etonitten/jpcl by an influx ul N.a*iiftiL an p. nf fc 4 .. An [lie acLiurl pt Kuril ia,l 
arrives ui line asm lerinnwl. ii bcffiUa an inward inovemctic ofCkr B wfbd) trigger* Hie diMhurgc @f neunuronamitle-r (#) 
r'mrti ioiqt vakktt imu the jniuci^pnaJ cleft. NeuiiMFUiihrnicier reach ivjlIi specialised receptor area* on the gosLjurvtkTfiijI 
inejt'ibruTK; uiU initiates a physiologic response in civ effector cell. 


r ■ 


triggers eincytotk discharge of ncuTTctiranMniLlcT from 
the wsklcs inLu the junctional cleft i Rubin IW2?. 
Nilnic o*ide is not stewed in xynaptk vnkleir instead, 
the in cytonlk fa' 4 acftvNN a CV"-depend¬ 

ent enzyme nitric oxide synthase. The activated form 
of itiis enzyme utilize- molecular oxygen and a nitro¬ 
gen moiely from the amino acid i -arginine to yield 
fflUrk oxide. The latter ta highly ipuphUic and It rapidly 
diffuse* to effector «Bs (Adam* IW6), 

RECEPTOR F.VEiZSTS. Allcr rapid migration of ncuro- 
transmitter across flihe ckTl, Lhc mediator substance 
ho neb- with reecpcive area* cm lhc posl.syiuiptie mem- 
htane. Cell surface receptors are specialized macro- 
moLcculaj sJUructkucs of the cell that a neurotransmitler 
interacts with Lo elicil a response (Abramson and .Mob- 
nofT L984K, Many types and suhtypes of receptors haw 
n<w been isolated and cloned. The clinical utility of id I 
such discm-eric-s remains to he defined- 

Receptor events caused by interaction of neurotrans- 
millcr substance wiLh lhc receptor may be nf Iwu gen¬ 
eral types: excitatory or inhibitory. If the neurotruns- 
mitter ini.ti.ales an exci lalory response in Lhe ctfU„ 
receptor Acdvttkfi iriggera a general iih-reiise i.n per¬ 
meability of Lhe posteyiuplic nenlme to all ions, 
Thus, in a manner analogue te the axonal action 

potential, Ihere is a Midden ckpnlari^atkm-rcpolarija- 
cinn of the postsynaptic membrane characterized by a 
net inward movement til' Na* and an efflux of K r along 
linen respective concentration gradients. Electrically, 
these change are charneterjped as an cxciiaiory pnsi- 
synaptic potential, which then propagates localized 


permeability changes in adjacenL portions of the cell 
membrane, and an action potential is conducted along 
the remainder of lhc innervated cell. 

An iniiLhicnry postsynaptic potential occurs when the 
ncurntninsmittcr ini times a selective increase in perme- 
ahility of the posl.synapLic membrane to only smaller 
infiv le g.,, K\ Cl") 1 - ITius ntilward movement of aJid 
inwanl movoneN nf Cl alemp iheir mpcctVVQ concen¬ 
tration gradients bktrtuc the neL negative charge 
within lhc cell imd actually hyperpolarizc the postsy- 
naptic membrane. iTie resulting hyperpolarizatnm of 
! the membrane increases the threshold to stimuli and. in 
cflcct^ elicits an inhibitory response in Lhe cell. 

CAIABOUSM UE- NcUROTKANSMnTBfL TenninaLion 
of the duration of action of released ihrurotraiksmitter 
substances involves different mechanisms. Tltc itdien- 
ergii; nawd iumi tter nL?repiiKphrine is mecahtplijed 

by butli intraivuronal and extrajleuroEliil Cftzynni. 
However, (he uptake nf nl.lrq J lpnepJlrinl , buck itiio the 
adrenergic nerve terminal and diffusion of noftpinepll- 
rine away bom rweplor sites are probably mure itlrpiif- 
tunt pathways for terminal ion of norepinephrine activ¬ 
ity,, Fxtriuicuronal ACh i> rapidly hydrolysed by 
aH^tykVdinc^icrit^c lAt’hEu a quite specific enzyme 
li.K3li7.cd in cl me proximity to the synaptic cleft. Nitric 
nx.klc is a highly reactive free radical, and iL undergoes 
ox.klatii.in to nitrites and nitrates within sectmds. 

AORENEKflU: NEI ROHUMOftAL TRANSMIS¬ 
SION, Pot critical examination of adrenergic mecha- 
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trims, ihe ioteRsted reader is referred to die dMaded 
bihliography accumulated by I-efkmvitz a si., (I 990 1 . 

CatEcholamincs. Norepinephrine, epinephrine, imd 
do pa mine ore endogenous catecholamines; they iire Ihc 
sympathetic neural and liumumil transmitter substances 
in motl mammalian species. Norepinephnne and 
dopamine are believed Lo transmit impulHe information 
in Specific sutiis. within the CNS: norepinephrine i-s also 

i he neufotransminer at most peripbeod ^ypn^laeiic 
neuroefFeeror junction*. Epinephrine is the major Imr- 
mortc released from Eht adrenal medulla. Calc- 

ehnlaminc* arne stoned in an inactive form wflhln gran¬ 
ular structures in nerve terminals and chromaffin cells 

Cllokfdi 19m 

Synthesis, Noreptf nephritic i§ syrnhesiml from the 

amino acid phenylalanine in a stepwise pro oow sum¬ 
marized in Fig. 5.5. The aromatic ling of phenylalanine 
in hydroxyialed by action of an enzyme, phenylalanine 
hydroxylase. This reaction yields lym*ine. which is 

converted to dihydn^yphenylidumiw (dope) by die 
enzyme tynme hydroxylase- This metuo farnlvH 

additional hydmsiYlacicm nF the benzene ring, and it is 
believed to represent the rate-limiting ^tep in cate¬ 
cholamine synthesis (Vulliet ct si, I WO).. 


Dopa is decarboxylatod by the enzyme LHraiutk 
wni» add decarboxylase (dnpa decaiboxylase) to 

dih ydm i yphenylechyUmine fdi jpwnfM I. C asveniOD 
of tyrosine to dopa to dopamine is believed to occur 
within Ihc cytoplasm. Dopamine is taken up into ihc 
storage granule. In some central anatomic sites 4e.g. f 
mammiLhan extrapyrumidii] system),, dopnuK seem* 
to act as the primary neumtransmitter rather iIuji ms 
metabolites. norepinephrine and tp bepbrinc 1 Aphajan- 
iau and Burney 1973; Uurlholini et ah 1973). 

In peripheral adrenergic neurons- and adrenal 
medullary chromaUm cel Is. mlragranular dopamine is. 
hydroxy foiled in the |i potitioo of iIk aliphatic side 
chain by dupamine-|3-liydro&ylase to Form norepineph¬ 
rine. In Ihc adrenal medulla, norepinephrine isi released 
from the granules of dnnuffln cdh and is ,'V-methy- 
latcd within the cytoplasm by phenyldhunoliuninc iV- 

aMhyknisftiVK to form epinephrine. Epinephrine Is 
suhwjuemly localized in wlul Hens to be mother 

type of intracellular storage granule prior to its rclrti^e 
from ihe adrenal medulla. 

Storage, Release, Rguftake, and Metaaousm. 

Physiuliigie mb involved in edmeigk neurutvm* 
mission hlihJ wttpdUHty of these events to phamiaco- 
logk agents we outlined scheohiiivullf in Pig S.ft. 
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Flfi. 5 *—rvirynihfcimcHTil IrananussHin nr the xlmrnctgic mncAxb junclaiin- pmfMKfd pfajrrioklfK pnthwnys und ^ile* of 
atfion la modification by plunn*xiOt^jc agenlH. ( 1) Tyrovine is hydroiylawd ha dopa. This naetkn* considered io 

he Uuf ralu- lumling Ml:|i in c'nli».'lKdanhinc /.yrirtbusis. i:-. mhihilLid by (l- niL p thy \-p LyrcftiHL!. (2i Dcipu is duir-arhoiylalud lu 
dup^illnH*. tfctfki Jnrurhoiylsuvc iifelubihrtt fe.g., ri-un:[jlykfc>pci.l- inhiV>il Uus sIl - ]*. (f I Lfctpaimnt: is luJuin up nrlu Ihu tluni£c gran¬ 
ules ufid hauIi/cl! In nurupuH.'ptinrttr (Nil. U-MiTltivIdupcunme uifubab t'Pitvcrsiun liF dopamine U? Nl - ! and is tfmvLTled Ili <i 
mctbyiwJKf^wptinnc. Cl-Mrfhyl N"Fi is ihro sbra) in IK pninu-k «ind upc»n nerve Mi.mululi*>ti mny Ik relrused as ii "Ub nrun> 
iransmiLicr’' (4) ME is stored in ibr granule m a hound and fiee | mobilej fonm 1)f i—k h4h» drugs release NE from adrenergH.■ 
nmmim (3) The axonal actimi potentW is a sclf-pro^ining depolariiJLioiL jncfiai dim upon reaching lIh: nerve krmifluJ 

Imm isnEliin i?{ Ck", Vrluch (htrt IrLggCcs the (ffctHP^P uf NiH from I hi: UlTil- Lemwkal. jdirlyliurtfc iiihLltala Mr. nrlua.su. (fr| 

NE is released from (he Aonm via coHylotk emptying of the tane n h of rtonff frahiks iib Ihu jnTtwiil cleft, Newly syn- 
Ihnind NE may he preferentially rclearfd. (7) Released ME neb with raptor siies on *he pariiuictkwl reontnos of the 


dhetor cell. Thu, step is Modnd by adrenergic blocking jgenis u-piienti.'ilaiiiim-. p-prupraimlul h llacaptfy* mu mIul 
modify NE m Lease) i nay also he located un life |mrjuniLlHBiaJ inciirihrjjii: iif I he ultvl LctiiiiiljI Isoc Hi g. i.Tl. 4l| txLrancunwia] 
Nil cun he Liken hack, up iitIli lhe nerve Icrrniirul by un active Nzr-dcpcrHtnJ npLake pn sere sc This sirp is infiihalnt hy emne 
and imiprafninu -like Jmys. Kxlmneumnal WE*, may atui diffuse fmm Oil jimuticsi cw be ealalHiliyed by eabcchfl-C >-mrlliy I Iran s- 

(ttfe fil CytopUnnk rtt nwry hr uiken up irtn I he granule hy * Mg'ATP-depeniJervl u-gtike pnn«, Re^erpinc-like drugs 
inhihil ihiv Mcf. (IQ) MoncMiminc: ™da*c iM/iO) cam de-ummale cykipla^jmic" NE and dopnrnint. MAO inhihilors (c.g., pur^y- 
lineli supprevs (hi:-* s«cp. The bold dashed line = release of NE from ibe uramular pool into the jumetiund deft. Small disbud 
lines & afeMk pmhways Bold nUd lines ■ npenke pr mmm*, fhujibk'-lK'.Kled am™-s m rmiiblc prttmp. 


Catecbohiiiifte8 w taken up hum ilk cyloptuai iniu 
^nioulus hy on active Lran^purt tyikai iliid ii jwknwKH.iik 
tripbospbale (ATP) and Mg'* dependent. Storage 

wiildu l he giriulular vukki is urcEamplihbvd hy ti?na» 
plcxalion of (Isc catecholamivK^ vt-ilh ATP and a spe- 
L'illc protein, chnomnjiranjn. This complejiuLiiin renders 
the amines inactive unLil ihcir rclcuhe (Shone l c J72j. 
line intnagranulaf pool of norepinepiuine is the princi¬ 
pal source of ncimrtrjinsmiUcr released upon nerve 
■trinwlrtkw. 'Ilw cytoplasmic amine pool is taken up by 

llte grunule^. for sUtfuge or iikicdivuLed hv «i dwiitiinuEing. 

enzyme, iiKuioiiniiine t^idaw l M AO), iliui h locniled in 

the neuroriiil inilfih"1knnlri4i. 

EKitatfaw-Mcntfon enu^Ling iutd rekut of ncnpi B 

ncphrinc from adrenergic nerve terminals are depend- 
cnl upon 4in inward movcmcni of Ca”. Pclcused nor- 


epinuphriiifO nipts i mom ihe synaptic clefl find 
Euetads with specific adrenergic re cep tor sues on Lhe 
pntjyiKtknal naembtane, 

A very active imne uptake system ii present in the 

LiKcmul mcmbr-unc of poHig^n^linnie ^ympulhctie nerve 
benminaK This (ransporl nyMem is- Na p Ltnd energy 
dependent, and it functions So recapture or rcuptake 
rarrhnlaitntta thut have been relea.sed i'rom Lhe nerve. 
Exngciwusly admin isLtred norepinephrine and epi- 

tephrlne are taken up Into sympathetic nerve endinga 
by ihis uptake prices* 0verson 19731k Cooservalioa of 
catecholamine neuntnuumkters hy reuptake is one of 
ihe (Irii examples of recycling used products. 

Tlh.- adrtKrjk neuronaJ! upnike mechaniam ii 

rej'cmzd lo as Uptake |( IJpLabe, signifies the cxlrancu- 
ronaL uptake of eacecholJim ines into Mirmunding Lissuc. 
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"Die duration nf act™ of ncwcpincphrinc cm be tor- 
minuted by active reupmke via Uptake ( men the. nerve 
acrciKH lhe axoplasmic mcuihranc (the inline rcuptakc 
pump), diffusion from Lhe cleft via ntncdlultr fluid, 
or metabolic breakdown hy an extraneuronal enzyme, 
catechol-O-nicthyltransferaHe {OQMT). Activity of 
COMT involves methyl ation of one of the rinf 
hydroxyl groups (3-OH), 

Norepinephrine that has been taken bnek into the 
nerve may he restored in granules or deamlnared hy 
MAO, Deamination of norepinephrine or epinephrine 
by MAO initially yields the ei ht^th nidi ng aldehyde, 
which in turn is further oxidized to 3,4-dihydroxyman* 
delie acid. Alternatively* Lhe ^bydnxyl group of nor¬ 
epinephrine and epinephrine cm first be methylated by 
COMT to yield iionneLaucphrine and melanephnne 
respectively. The O^mechylatedor denminated metabo¬ 
lites tan then he acted upon by the other enzyme to 
yield 3-methoxy -4-hydroxymunch:lie acid. The deami- 
naied O-melbylited mtcubcvlltn ao [hen be conjugated 
with sulfate nr glueuremide pri-nr to excretion hy the 
kidneys. 

PHARMACOLOGIC Cqn$ID^UTIWS, Many drugs 
ea.ert their phannaculogic acLlvlLy by altering lhe syn¬ 
thesis, storage, and release mechanisms nf cate* 
cholomlnes. Most of these agents are used in humans to 
control hypertension or affect central autonomic an- 
ters (c.jd.., tranquil i ration, amidepressjon, antipoukin- 

sonism). Few of these drugs are commonly employed 
in clinical veterinary jnedlci ne. Some of time drugs are 

briefly mentioned, however, because they ore often 
used os model diugs in research to characterize ilw 
mechanism of action of new drugs intended for clinical 
velerinary use. 

Certain drugs act m false substrates for tin; cake- 
cholamlne-synihe^i/iiiig enzymes; e.j. P tx-fliediylpare- 

Cymsiue inhibits tvmsirie hydroxylase, the rate-limbing 
step in norepinephrine formation. Thus norepinephrine 
slores are not replenished by newly synthesized norep¬ 
inephrine. Alpha-meLhyldopa may be converted to ci- 
methyldopamine to a-methylntirepinephnnc hy dnpa 
decarboxylase and dopamine-P-hydimylnse respec¬ 
tively. The a-inetbyhcnepinephrine ]s aclive ai CNS fc. 

receptors, which reduce sympaihelie efferem nerve 
traffic; to Che cardiovascular system. 

Reserpine-like drugs block Lhe granular uptake 
process (Shore 1972), Catecholamine stores are 
depleted and tdrenevfK functions are markedly altered 
by prolonged LreaLment With even small doses of reser- 

pine (Adams et al. 1911, 1972}- (luancLhidinc can 
slowly deplete norepinephrine and interfere with its 
release, Bretylium blocks due neur-unal release nf nen- 
roirammiuer. I“he expenmental drug 6-hydroxy- 
dopamine produces a functional peripheral sympathec¬ 
tomy by destroying adrenergic nerve terminals 

(Gauthier m ti, 1974). 

Other drugs fo.g r> cocaine, Imlpramine) inhibit the 
neuronal reuptake process so that released norepineph¬ 
rine Is available for a longer period for reaction wiih 


receptor sites. Inhibition of MAO by drugs can result in 
accumulation of calecholuminus. Drugs like lyrami lie 

and amphetamine release inliwunxkal stores of cate¬ 
chol ami . 

Musi adrenergic drugs, kqurtul to clinical veteri¬ 
nary incdLciikr act primarily by iiciivaiipg or blocking 
posijunctLnmil idreaefgK r«epton in peripheral tis¬ 
sues or the CNS. 

Adrenergic Rettptws. The interectioa of neunohur- 
motK with an adrenergic receptor |i.e M udrenuceptm) 
may elicit eilher an excitatory or an inhibitory 
response. Following Isolation and identification of nor¬ 
epinephrine as the adrenergic neurotrunsmittcr,. atten¬ 
tion was directed lo d i fferences tn postjunctional events 
that mighL explain such cunlrusting results. In his clas¬ 
sic paper, AhlquisL (1948) proposed ctial there were two 
basic types of adrenergic receptors: « and p, F.pineph- 
dne is Lhe most p<rtcnt ft-reccptor sLimulant, norepj- 
nephnne is intermediate., and isoproterenol is Lhe least 

active. On the other hand, isoproterenol Is the mote 
potent P-receptor agorot, e p inep hri ne is intermediate, 
and miiepincphriik: is least active. Epinephrine is rhene- 
fore c lassi I ted as a milted tx-[S agonise whereat is^ipro 
terennl is virtually a pure p agonic with few. if any, a- 

receptor effects. Norepinephrine is primarily on oc 
agonist: however, it docs activate ihe excitatory [j 

receptors in the heart 

R^hcepior Subtypes. The concept of dissimilar 
adrenocepton has been strongly supported hy ohaerva- 
Lions that certain adrenergic antagonist* block only cz 
or P receptor! I Mm 1973J, Furthermore, vtodies with 
selective antagonists and agimisls have JemonstraLed 

ihai |i roceptore can be divided into two subtypes: p, 
ami p.. (Lands el aL 1967). Uda receptor^ in the heart 
■iire P, e thry are tudcikfied with excitatory responses. 

Isoproterenol, epinephrine, and nomptuphrine activate 
p, adrenocepten. Efota. receptors are localized in vu- 
eular smooth muscle and broochMar siniHUh tntucle; 
they instigate inhibiiory (nlaxill)effecte, Nurephteph- 
rine has Little effect on p, reccplorx. u Ihtcus epineph¬ 
rine and isi^prolerenol ^rc very active at P,-receptor 
site, 

Alpha receptor! located at adrenergic nerve termi- 
nab show a somewhal dllfefent resp om ti v eneu io 
drugs when compared to th«- duslc a re ce ptor ! of 

eHector cells, leading to their Llc^ignatiLHii as OL (Slarke 
et al. 1977s Longer I480).0dw itudies h«.ve supported 
the exisieiipee of different DHeceptor populations buL 
inHliestic thiit a and o. subtypes are mu necessarily 
restricted lo postjunctional and pu^ucthnal ktcafiza- 
tiou respectively (U'Pridaard and Snyder 1979), 

Designaiiou of Rdmoceptors » eitiier « |( P : , or 

]). is now well accepted, A vummoxy of Lhe different 
adrenergic receptnr types in various synipiuhelically 
innenated tissues m given in Table 3.L Nunurout 
studies have now established thai durificatiofl of 
receptor types and sutnypes is far more cccapln chan. 
Ahlquisl ( 1948 } ( envliloned. Indeed. Lhene may be many 
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typos nf a receptors, p receptors, muscarinic receptors, 
nicotinic receptors. and others 4 Alhcrls IW.lJi, Because 
she clinical importance gf such complexities remains to 
he esiabli>hed. this textbook will consider dmienlly 
relevant receptor (HvneoeMurH. 

CHOLINERGIC NEUROTRANSMISSION. AJCh 

IK. | hl a neuriHransiiiiller substance al niLKKl pusni^ynl|SJ ■ 

thctic iKunoe-rTcctur juiKlions. autonomic ganglia. the 
adrenal mcdulJu, pfliutk myoneural jwKtum, and cer¬ 
tain CNS regions t Bnmhlccombe 1974: Wuser ISP75: 
Gnldherp and Hanin 1976J. Ncurotiurnoral transmis¬ 
sion processes seem is? he basically similar at all 
cholinergic junetkn^, Avtonomk ganglionic and 
socmlic myoneural tnuosnussiuD will he diKuned in 
grader detail in substsfueat chapters. 

Synthesis.. Storage. Hcloavi*. .md Catabolism of ACh. 

ACh is synthesized within cholinergic nerves by the 
MUymtiC tf&Mfer of ini acetyl group from acetyl COCfr 
zyme A so choline. ]"hiv reaction is catalyzed by the 
enzyme choline acety ki.se (also referred to as choline 
aceLyltrarislcTuseJi and is summarized in Fig. 3.7. The 
acetyl cu-enzyme A is formed by the action of an 
enzyme, aceiyl kiUflC, which mci.iijj.sch the irRIYfer of 
i\ 2 t nicety 1 group from adenylKetale (formed from 
acetate and. ATPi to the cnenzynoe A molecule. Choline 
is transported from ihc extracellular fluid into the 

chnlincrgie nene hy an energy-requiring, axoplasmic 

uptake process ACh h stored within axonal vesicular 
Structures ilk a concernraced solution or bound to mem- 
hnm or both. 

ACh is released from the nerve terminal upoa 
arrival of an axonal action potential, ACh within the 
junctional space in rapidly inactivated by hydrolysis by 

4i specific enzyme* ACTiF.. AChE is present in cholin¬ 
ergic nerves, autonomic ganglia, and neuromuscular 
and neunieflector junctions. A somewhat similar 
enzyme, pseudocholincsieruse itaiLyriKhohneyienisek 
is present in serum and other body tissues. 

OwsSinergk Kftcplom. There are two basic types of 
cholinergic receptors within the peripheral efferent 
autonomic nen-e tracts: nicotinic and mu tannic. Larly 
studies, demonstrated that small dunes- of nicotine niim- 
icked certain actions ol ACh. and large dusts inhibited 


the same ACh responses. "l“bc nicotinic responsive sites 
were (bund to be present in autonomic ganglia, adrenal 
medullary chrumallin cells, and also the neuromiLscu- 
lar junction of the somatic nervous sysicm. Accord¬ 
ingly, ihesc silos have been referred to as nicotinic 
chol inergic receptors, 

Nicolioc zincs uni, hwever, simulate or block the 
Action of ACh at the parasyropfthetic neuroeffeeior 
jonctioM tn heart muse Re ntewth muscle, or secretory 
glands The plant alkaloid muscarine was found to sim¬ 
ulate ihc activity of ACh at these siles bui not al the pre¬ 
viously described nicotinic receptors. Muscarinic 
receptors therefore designate the type of receptor pres¬ 
ent al cholinergic neimielTecLor junctions in muscle and 
glands. 

A nicotinic response usually denotes an excitatory 
IHJIOIH, whereas muscarinic receptor activation may 
elicit an excitatory or inhibitory response, depending 

on the tissue. This seems to be related Co either a gen¬ 
eral increase m permeability to all tons(defKdvtzaticm- 

excitatoryS or a selective increase in permeability to 
small Ims like K f niyperpolarizAtlon-iflhibttory) 
respectively. Nicotinic and muscarinic cholinergic 
receptors have been placed into diffmot stibtypn 
(Birdsall ct al. 1983; Otarsaiqi el ai. 1984-1, hut the rel¬ 
evance of these suhclasrification-s to clinical veterinary 
medicine is unclear at this lime. 

Pharnia.colopfje 1 onsidcralions. A wide variety of 
chemical and biologic agents affect cholinergic neuro- 
iransmisKitMi. "the synthesis of ACh is inhibited by 
hemic hoi inium, which blocks the entrance of choline 
into the cholinergic nerve, Hotulinum tc?xm interferes 
ttiih ihe nluH of ACh. The plam alkaloids racotrae 
and muscarine have been mentioned m preceding para¬ 
graphs. Aln>pine and related alkaloids bktok mus¬ 
carinic receptors, whereas curare bltx'ks fuccrtinie 
receptor sites. The acLivity ol' emJu.iieni.iiis and exoge¬ 
nous ACh is markedly augmented hy many chemical* 
Lhal uxl as dutiDHterere inhibitor* (anticholinesterase 
agents). The Ihcrapeuiic importance of cholinergic and 

amiehoJinergic agents will he discussed in Chap, 7. 

AUTONOMIC RECEPTOR SITES OX NERVE 
TERMINALS. Release of autonomic transmitters 
from nerve terminals cm be influenced hy other true- 
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nutters, interacting with specific reccplnr s-im present 
oft the nerve terminal (for reviews see Adams 1983, 

1984). 

Mu&carinic thalinerjic receptors 4ii adrenergic nerve 
endings mediate an inhibition of the neuronal release of 
norepinephrine (Muscholl 1973)- Such receptors may 
well explain the reduced cunduic responses to sympa¬ 
thetic nerve aoLivtty when vagal influence is increased 
(uStucssc el al. 1979). Several unrelated uutucoids (e{. 4 

hkuiinine, prostaglandins) also inhibit norepinephrine 
release from adrenergic nerves, evidence for inhibitory 
pcesynaptic receptors specific for certain autacoids 
(Horton 1973; Linger 1980). 

There also is evidence for d,- and J3l- adrcnoceprive 
sites 00 adrenergic nerve teraimaJs (Slutte cl al. 1977; 
Langer 1980). PtejunctLimal CL receptors mediate a 
decrease in the amount of norepinephrine released 
upon, nerve stimulation. The function of these CL sites 
has been envisioned as a Incat feedback control mech¬ 
anism through which norepinephrine cam inhibit its 
own release once a threshold con centra [ion has been 
obtained in the juncLtonal space.. Conversely, the pre¬ 
junctional [J.. receptors, subserve increased release of 

norepinephrine (Adams 1984). 

It is templing to speculate on the physiologic signif¬ 
icance and implications of such local inhibilory-facili- 
tatory feedback mechanisms. However although these 
extremely complex iiikTrelutLonships. ohm likely exist, 
neither the complete physiologic nor the complete 
phamiacologiic significance of all presynyplic receptnrs 
has been definitely established at this lime. The clinical 
relevance of the a,- and CL-receptor subtypes and 
and JJj-receplor subtypes is considered in Chap. 6. 

PUTATIVE NEliROHL!MORAL SUBSTANCES. 

Biologic substances other than AOi and the cste- 
cholamines have been proposed as probable [putative) 
neofCMfunsmilter substances. Histamine, e.g.. has been 
suggested as a potential ireurotransmaller at certain 
peripheral and CNS sites, as have different neuropep¬ 
tide substances. There is even evidence now thal certain 
peptides, coexist in the mm neuron as primary' retire- 
transmitters (Ivtrsan el al. 1983). It remains unclear 
whether these peptides serve as primary neurotrsnsm Li¬ 
ters themselves or. more likely, modulate either rhe 
axon or ilie efledM cell process in Lhe neurnhumoral 
covruiiunicatiufi event. 

Considerable evidence has revealed that serotonin 
tS-hydncntyiryptaminc) acts as a iKflntnui^ in 
specific brain centers and some peripheral nerve*. The 
functinna.1 consequences of tryptamireigic iratismis.- 
stem have not been completely defined, hut it is likely 
that 3-hydri‘>xytrypLamine participates in Ihcrmorugula- 
tUm. sleep cycles, and exlrapyramidal influences on 
motor control of skeletal muscles, Ginima-amiliobu- 
Lyric add has been shown to he an inhibitory neuro- 
transmitter at certain CNS Kites, 

Although seven! putative neuroLransmitier gub- 
stances arc involved in information transfer in the cen¬ 
tral and peripheral nervous systems, the phunmicologic 


activity of most autonomic drills and numerous ven- 

tnillv acting agents can best be explained by actions on 
cholinergic or adrenergic pathways. 


NITRIC OXIDE. Nitric oxide is an unlikely candi¬ 
date for an endogenously synthesized messenger for 
physiologic and pathophysiologic communications jo 
living organisms (Lowcnitein ci al. 1,994; Adams 
1996)1. Compared lo classical neurotranAmitters and 
polypeptides-, nitric ox ide is an exeeptinnally small Ldncfl 
simple molecule comprising a single alom each of 
nitrogen and oxygen and existing under atmospheric 
conditions as a gas. With an unpaired electron in it* 
outer orbit, nitric oxide i* a radical species with a bio¬ 
logical halF-tife of only a few seconds; it reacts rapidly 
with oxygen or with iron moieties of beme’COiHuining 

proteins. Nitric wide also is a combustion product gen* 

cnled in cigarette smote, smog, and jet engine 
exhaust. 


Despite considerable interest in nitric oxide as an 
environmental poLluunt, it gathered little notice from 
biomedical scientists until ilk- recent discovery ihat chi* 
compound is actively synthesized by di fferenl cell 
types, w here it serves as a key regulator of a wealth of 
different bodily functions. These include immunomod- 
ulation, antimicrobial defenses. Uimoricidal activity. 

neumtransmussion in both the central and peripheral 
nervous systems, respiration, intestinal periHaMs, 
penile erection, and cardiovascular dynamics. The idea 
dial a small molecule of gas can be synthesized by 
mammalian cells and then serve a* a key controller of 
physiologic functions truly represent a new frontier in 
medicine (Adams 1996). 

"fhe sungc of biomedical interest in nitric oxide can 
be traced directly to several lines of imtesiigtiion 
involving the biodirimrtry of earcinogcnesis. 
iinmuiRimoduLalory and antimicrobial character! sric* 
of activated macrophages, and control of hemodynam¬ 
ics (Anggard 1994; Lattpehr el aJ. 1993), Relative to 

vascular effects, lhe discovery’ of eodmltelium-ckrived 
relaxing factor (EDRF) hy Furchgini and Zawadrlki 
(1980) unquestionably was a pivotal step in the recog¬ 
nition ihat mammalian cl-IIk can synthesize nitric 
oxide. These ulwstiguLors observed that AC7h produced 
VVSOdjlalitift in isolated blood vessels only when the 
vascular endothelium was intact, This classical obser¬ 
vation prompted an explosion of interesi in vascular 
endothelium as a ne»Mry inceniwdiaiy in the vascu¬ 
lar smooth muscle relaxation induced not only hy Af'h 
but also by many other vasodilators,,, including 
bradykiitim thrombin. oxytocin, adenosine diphos¬ 
phate, and substance P. IE became dear that when such 
agents interacted with vascular endothelium, the latter 
released an endogenous factor responsible for vasore¬ 
laxant responses to the former—hence, Lhe discovery 
of EDRF fFurehgutl and Z&wadzki 1980). Depending 
oil species and vascular bed, some vasodilator agents, 
exert both endolhe hum-dependent and enttothdiuin- 
indepcndenl act ions u* pun of their phamacodynamic 
profiles (Cogswell] ct al. 1995 ). 
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Following studies with exogenous. riiLrovasodilaturs 
Thai reLease 1111111 ' oxide (such as- nitroglycerin and 
nkroprussidc) and endothelium-dependent vasodilators 
(such as ACh mad bradykinm), different investigators 


concluded ith■ Li Ihc pbarmiictidyTianik and phaunacalki- 
nelic diunictmslics- of EDRF closely mimicked! those 
of nilnc oxide. 11 is now widely accepted dial EDRI j is 
ill face either authentic nitric oxide, a closely related 
niLrosothiol that releases nitric oxide to turret cells, nr 

both. Niine oxide migrate* from the endothelium and 

activates the cytosolic form of guanylyl cyclase in 
adjacent vsseuUir smooth muscle cells. This activiikn 
accelerates conversion of guiinosine triphosphate 
(GTPJ to cyclic guanosine monophosphate (cCMP), 
with the latter leading in turn to rebxatniiTi of vascular 


smooth muscle and its accompanying vasodilation. 

Kndolhcliurn-derived nitric oxide was mn dimply fin 

experimental curiosity of i mi] a ted blood vessels. 
Indeed, pharmacologic inhibition of nitric oxide 
biosynthesis in intact animals elicits a pronounced, sys¬ 
temic hypertensive response owing to a substantial 
increase in peripheral vascular resistance. Because this 
peripheral vasoconstriction is expressed under hasal 
conditions,, it became clear that EDHP is an. important 
modulator of normal vasodilator tone regulated by a 
dynamic release of endothdium-denved nitric ox ide on 
a mornenl-llo-momenl basis. JTiese remarkable findings 
ixTolutisunized long-held concepts about control of 
peripheral vasomoLion, prompting mbuM searches lor 
different agents that would selectively modulate the 
biosynthesis of nitric oxide. 

p 


Nitric Oxide Biosynthesis. Details of ihc complex hio- 
ehcnikal iiiul L'Sednin Ininsfer culminating in IIm. 1 

formation of nitric oxide have been reviewed (Anggard 
1994: Langrehr ta al 1993: Luwtnstein ct at. 1994; 

Schulz and! Triggle IW). In brief, mine oxide is syn¬ 
thesized from an .V : -guanidmo nitrogen of the amino 
acid L.-arginine. The Li-enantiomer of arginine is iiMic- 
live. lire enzyme family responsible for nitric oxide 
biosynthesis is nitric ox idle synthase (NOS). Because 
LhtiS enzyme family utilizes molecular oxygen, NOS is 
classified as a dioxygenase. Cofactors required for nitric 
oxide lormalion include flavin adenine dmuclcutide. 
flavin nKmnnudeotLde. nicotinamide adenine dinu- 
deotkle phu-sphale fNADPH), heme, and Letnihydro- 
hiufsteriri. In addition Co nitric oxide, the iilldrM acid fit- 
njllanc is a txjpfOd.uct ill a 1:1 sidchitMfietrk 
with nitric oxide The production of intuited eiirulline 
from tricialed L-iirgiriiiM is commonly used m ml indi¬ 
rect assay for NOS activity and nitric omk syntlicsis. 

Severn] different isofoims of NOS have been eharac- 

ierized, and die identifying nomenclature* are stall 

utulexgoing modification us new molecular und cofae- 
lor requirements are discovered. The two original iso- 
forms. described w ere l he constitutive NOS (cNOS 1 and 
the inducible NOS (iNOS). 

The NOS prototypially present in endothelium 
and neurons is cNOS; this enzyme is ciinstitulively 

present under basal condiiions, and its activation is 
dependent upon calriMxtulin and CV\ Nilric oxide 



synthesis from cNOS is selivtud within seconds to 
minutes after intracellular tV is. increased m 


response to classical celt surface receptors and affili¬ 
ated signal-transduction mechanisms Ehal culminate 
in elevated cytosolic Ca"\ The cNOS synthesizes 
nitric oxide in relatively small am mints; synthesis 
dynamically ceases as cellular Ca r+ falls to hasa.1 con¬ 
centrations. The biosynthesis of endothelium-derived 
nitric oxide and its subsequent role as an activator of 
gunylyl cyclase in vascular smooth muscle are 


schematized in Fig. 5.8. 

Tile iNOS is pratocypLrally induced in macrophages 
and bepahieytes. hut it is not present in these or other 
cell types under basal conditions. When macrophages 
arc exposed to LPS and/or certain cytokines such as 


tumor necrosis faclor-a or interleukin-1, de novo syn¬ 
thesis of nascent iNOS is initiated by Transcriptional 

regulation. Several hours iue required I'm maximal 


expression irl iNOS, which produces amounts of nitric 
oxide large enough to destroy pathogenic mkrcxirgan- 
isms, Although calmodulin js an integral subunit coni' 
pmnent of iNOS. its regulatory role is unknown in that 
Ca a ‘ does nr* seem to he required for iNOS activity. 

Recent experiments have provided evidence that 
iNOS is nut restricted to- macrophages and he par ex: vies; 
it can also be induced in a rather impressive spectrum 
of different celt types including vascular smooth mus¬ 
cle. endothelium, Kupffer cells, neutrophils, and possi¬ 
bly cardiac myocytes (Schulz and Triggte I 

N itrie oxide is a nonpolar gas and it readi I y crosses 
cellular membranes, providing access to intracellular 


structure* iri nearby cells.. Unlike classical neurotrans- 


mitiers and hormones, nitric oxide does not seem to 


require . 1 a specific iLiacmmoleciLkir pmlein I'tir iIs ruvep 

tor site. Nitric oxide is oxidized rapidly upon contact 

with oxygen, yielding the much less active nitriles and 
nitrates. Alternatively, nitric oxide can interact with the 
heme eonsliluent of iron-containing enzymes. leading 
to configurational modifications that adjust catalytic 
activity of the affected enzyme. 

Activation of cytosolic guanylyl cyclase Lhrough 
nitrosatiLin of its heme moiety is considered a cardinal 
mechanism of action of nitric oxide in platelets and 
srmsoth muscles. Ihc resulting increase in cGMP is the 
inlruxcliuLar messenger subserving the physiologic 
response to nitric oxide (Fig. 5.8). Smoolh muscle 
relaxation and iinlii-platelet-iiggregaling at li nns of 
nitric ox ide are mimicked by cell-peniuinent forms of 
cflMP and are fH.neruiated by inhibitor* of the cGMP 
phosphodiesterase enzyme. Activation of qumylyl 
cyclase by nitric oxide not only is rcspondfcte for dila¬ 
tion of blood vessels and inhibition of thfofnbugejie^is 

but is involved in neuronal signaling and eytotoxicily 

responses 10 nitric oxide as well. 

Because of ami mi acid heiemgen icily in die strue- 
lural motif of the different isofnrms of NOS, the fol¬ 
lowing nomenclature modification ha.s been proposed: 
the neufiuuil cNOS has been referred to ax NOS-l the 
macrophage iNOS a* NOS-II. and the endothelial 

cNOS as NOS-III. I'his nomenclature will no doubt 


continue to tvulv* m new discovenes arc rn^idc. 
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FIG. S fl—'The- bi(K.ymhc[ic p*hw«^ ferniirk 1 oxide i NO> In ■■ u.- ■ ■.u- - iK l .il ll3Im. Iiwicxscd iiimsuaalhito fa- .ur. ihe 

C’a”-cjtln»duliTi lCoM)-ifcpffldcn(1 enzjiinf NO ’iyinhnse. which ihLIiks 0„ and [.-arjjiriiiv to finni NO. NlJ-acthates gtianylyi 

t_V l l Jllvl iii Matfay pldRClCL'i did vaatular mAixiiIi rwihdir I'VSM i, luiding In iihbiwJ rtimuiliLin uf cjdie "i .ir- --i ir mnn, i'l - - 
jifriale {i€iME >, l. Thu lafllcr arihibiLv phuspbolLprau V 4 PLt'j amd courts nthcreUecLt itiut lead uhiingu* in urllihlnr fumrlMMis, c" £., 

vuMidiluiunn and Hti^BKftilon of plaids. i re annksgs sudi as i -uiInKirginiTW rrethylrster II -NAMLi and LHDfto- 
nfHMiofflcthyl arginine (l-NMMA r inbibU NO symharf. (+XT i = potriNe b tfojka l ankf flf NC l e b BjiBfi; © = inhihits. 


PhiTrUkculotpc Mudulutkm of Mine Oxide Synthe¬ 
sis him! Action. Organic compounds containing nitrate 
or mUu«.i moieties such us nitroglycerine, nitroprux- 

sidc. .^-nkriwi-.V-ac-ctylpciiicillaiiiine, N*NO ? , and 

sydnmLmines. undergo tis-suc-eatuLyzcd metabolism or 
spontaneous breakdown to yield exogenous-source 
Hlftfk oxide. These und related compounds serve an 
nitric oxide donors;, and their pharmacodynamic 
iuHicms mimic in many respects the physio-logic effects 

of cndo g coouify synthesized nitric oxide, 

There are several different typeiof NOS inhibitors, 
including congeners of the substrate [I .-arginine. 'Ihe 
^-nbtiloted i.-arginine analog* include Nh niifo- 
i.-arginine mcchylcslcr U-NAMF.), jV-niiro-t.-aigri 
nine, iiisd /Y-jncthy I -1 -au^in i rie (l-NMA). Thw 
inhibitors generally are competitive when adminis¬ 
tered concomitantly with i. -asinine. and hiuiHex lire 
under way Eo identify arginine analogs that arc more 
selective fur eiLher iNOS or cNOS. Arginine unalogs 
are routinely described U “specific” inhibitor* of 
NOS. and yet few studies have systematically tested 
whether thcM: agents atau possess phunnucologic 

aettau unrelated to NOS InhiUttoiL In Lhi* rejEuril. for 
instance, recent studies- have indicated that i-NAMF- 
u a muscarinic receptor antagonist and may therefore 
inhibit etTc-cLs of ACh by muscarinic receptor hluck- 


adc. As unoLher example, apparently L-NMMA) can 

he metabolized co i -arginine tad actually accelerate 
NOS activity under some cireuitis.Linces. Such plur- 

nucoklgic limitations should be considered when 
drugs- arc assumed 10 be '’specific’ 1 inklbkcn of NOS, 
Other inhibitor* of NOS include calmodulin mti g fr 
nists For cNQS. flavoprcncin hinders, for iNOS and 

gNOS, heme binders such as carton monoxide tor 

iNOS 4ind cNOS, and inhibitor* of iNOS mductolt 
lnUbllon of iNOS induction include calHXHt cru iJi 
and ceniLin cy Lnkiihrs such as tfinffnimtais gnmili I lh' - 
Dv-a and int-erlcukins-4 and -1ft. Although tumur 
Dccnwu fkctor-n is a strung bducer of iNOS. recent 
experiments in dtciH ihj\ cyftokkoe may inhibit xynlhc- 
sis or tccekrw hmtkdowd ■of cNOS. 

PhyaJoWg!v Rtilte Prupwrd for Nitrk OtUtL Pti> 
posed physiologic roles for nitric oxide uiHk'Tgo 
dynamic revision almost weekly, and many areas over¬ 
lap. ihe following points are quite select he but provide 
a brief glimpse of the wealth of bodily luneEiiHis LhaE 
may be modulaced by nilric oxidSc. 

CntCULATIONr The dituwy of EDRF uiiiially 

fiHJU.s^d iifelerust an en^luLh^lial CCU &E 41 source 

of VLLsodilalory nitric oxide. Indeed, ;«s nH p iHioiied 
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previously, basal release u-f l:.DKJ : ' is a primary deter¬ 
minant of vasodilation and blood How through vascular 
networks, including iroranary, ccirbrul. renal. -and 
skeletal muscle arteries, kclca.sc of nitric oxide from 
cndoLbeli al eNOS i* stimulated nut only by L'crlain 
receptor agonists but alsn by jheur stresses everted mar 
the intimal flofktt by ffowing bloods Nitric oxide from 
ct ndcilhcLial oNOS participates in vascular auLuregula- 
Lory control mechanisms, e.g,, in hypoxia-induced 
vawidilalion and metabolic demand-induced Yasodila- 
Lion associated with ischemia-reperlmiun. 

Recent studies have shown that iumimiuinudiilalury- 
LnJlammatnry stimuli can induce an iMJS in both 
endothelium and vascular smooch muscle. Thus, nitric 
oxide derived faun h«ih lhc iiniiiinl layer and the Mond 

vessel wall may play important pathophysiologic roles 
in the local circulatory response to injection and 

tnflamnxlkn i Porter and Adams 1993), 

Nitric oxide exerts antia^^repating. actions in 
platelets, thereby eliciting thrombolytic or unlilhjinn- 
bogenie effects- inhibition of aggregation is not 
restricted tn platelets; nitric oxide also slows leukocyte 
adhesion -and aggregat ion onto (he vascular intini?d sur¬ 
face, Inhibition l i*rplniel^t aggregation and adhesion hy 

■ink oxide is believed to be an imponani eongtitKtrt 
of Lhe antidiroinbogenk chuKtortetk of the intimal 
surface of the blcw>d vessel lumen. Impaired synthesis 

of nitric oxide hys been: implicated in die formation of 

atheroscktLVsjs and the affiliated loss of vasodilator 
function. 

Nel'R0TRa^smitthh. Nil tie « believed to 

urd yis ;l ibvumhul iUL p ssengvr in hiiih the central and 
peripheral papijimwitls of lhe nervous system. In iIh: 
brain, nitric oxide participates in experience-driven 
synaptic plasticity that may control learning and mem¬ 
ory nteodon. Nitric oxide may well be the mediator of 
neuronal responses to certain excitatory amino acids. 
And because of its ability as a gas to be "broadcast” i 
and diffuse inmi a s-ingle bhrid to large numbers of \ 
neatly cells, nitric oxide may be an important con- \ 
(roller of neuronal deudopneut and sg^rial oriMlStWfl i 
of ncunonal centers. This exciting theory is quite dis- | 
liiuj frmih ihc dwial concept of one neuron releasing 
a signal molecule that interneLs with specific reecpLur ( 
kites only on one adjacent neuron. 

Peripheral neuronal control of intestinal perlKiUt 
and synchronous opening-dosing of Gl sphincters has 
been ascribed historically to NANC iktvcs because lhe 
responsible neuriUransmilter was unknown. It HOW 
seems- thai certain NANC nerves may be reclassified as 
nitric oxide neurons because this gas may be a NANC 
neurotransmitter in the alimentary tract, external geni¬ 
talia, and the respiratory tract. 

RfiSMIlAVOItY IkACT. There is increasing evidence 
lhat NANC nerves innervating bmcMolir smooth 
muscle release Daflrie oxide, which KIYH as u mediator 
bf neunogemc bnmchodLlalor lone.. End-sLagc chronic 
obstructive pulmottjtry disease has been WC C ilted 
with decreased nitric oxide production, und it has been 


proposed that oxidation of nitric oxkk may be acceler¬ 
ated. in iofliiiked airways, leading to loss -of bron- 

chudilator reserves. Hypoxil-induccd pulmonary vaso¬ 
constriction is uri important CQfnpEtkSVtory reaction 
diverting or shunting blood flow away from nunprr- 
fused pulmonary toOH -iind UWtrd selective petftulfll 
of oxygenated alveoli. Lots of this reflex may he m 
iaqnctul component of uule respiratory dtstma syn¬ 
drome (ARDS) and may ul occur during prolonged 
periods of general anesthesia. Because of iLs conjoint 
broncbodilalor anti vasodilator activities,, nitric Lisi.de 
has nut escaped the attention of pulmonary care cen* 
Lcts. Inhalation of exogenous ddtric oxide is undergoing 
evaluation as a selective vasodilator in oxygenated 
alveoli since inhaled pas would he delivered only La 
ventilated regions of the lung- ihLs would selectively 
enhance perfusum only of oxygenated ulveoli. thereby 
improving ventilation-perfusion inulching. 

i^MLi Erection. Neurogenic control of penile 
erection is issued thnniph the hiicral division of the 
parasympathetic nffvtut system, and yet drugs chat 

block receptors far the ctasks! pvasyn^Htholx neu- 
roLran&mitccr ACh fail co prevent erection. TIilh 
dsadeHuld perplexity may have heen rescvlved hy the 
discovery of NANC neurons enntaining NOS in pelvic 

nerve plexuses„ [mmunohi^tcx-henii^al evidence 

chat these nitric L>side neumriK extend Into Lhe cav¬ 
ernous nerve and affect processes in the corpus enver- 
nosum and its aflihaccd penile hliK^d veuell F'unctiun- 
ally, pharmacologic inhibitors of NOS forestall 
electrically stimulated erection in animals ujmI inhibit 
relaxacicwi of ooqws cmmotoni smoodi muscle:. It has 
there llrfe been propwd lIul nitric oxide k the find 
chemical mediator controlling relaxation of corpus 
ciivemosuiti smLK3ili umincUt" -intd its supplying h-lLHxJ 
vessels. Leading to vaAcular tumescence necessary for 
ercethm. Future studies no dtmN will focus on the 
putative role of N(XS and nitric oxide m impotence and 

priapunL 

G.xsmoiNTELSTlNAt. Flinctkin. Peristalsis af the ali¬ 
mentary tract and synchrony of Gl sphincter functions 
are believed to be regulated by nitric aside released 
fnwn neurons. Nitric oxide prcvductiun and NOS have 
heen localized Co the enteric nerve plexuses Sormerly 
chLssif^NJi us jnigsiin^l NANC ncnirL^iis r Niirale concen¬ 
tration is elevated in diairiteii. and wilimic production of 
nitric oxide is increased in patients with ulcerative coli¬ 
tis. Abnormalities of nitric oxide pnxliR:tton have been 
implicated in esophageal! motility disorders UROoial&dl 
with esophageal achalasia and pyloric motility dy sfiuR - - 
Ciuti in infimLile hypertrophic pyloric ftnuh TIwhj 
intenrlaticsus between nitric oxide and Gl function sug¬ 
gest more lhan an incidental role for nitric OflJde in reg- 
ul^ciiwt of intestinal smooth muscle funectnn. 


G PROTEINS AND CVCLK NUCLKOTfDES, 

Cyclic adenouM .V.^-imnophasphiilc (eAMP), a 
cyclic nucleotide! tot as y “second tHucfliH ' 1 to link 
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FWj. 5.9 Signal Ensustductiufi paUiwiiyx invulvini . 1 l'l ! II turface rcttfjrtiin*. (IR.), gu^mnc iivIl I^uLkIl- bantling retiuliilAH-y pmlcins 

(0), *ml Frtnwllikr CiT. Activati™ 0*-K hy q^fiepbrnw (tipi) invnlves a MFfflvbflflrjr 0 (C,l wiiteh ****** a* a GTPw* 
(eonvcrting GTP to GDPl and Bctivstea- Ihc enzyme adenylyl ejekse |AD, The Krifter cuvwili ATP io cyclic adenosine 
J r ,S J tnonopSiOhpiiaie (cAMP). which activates protein kiiu» A (PKA). Acetylcholine (AGi) binds v.<iifi a miiscariaie-R (M-R i 
liii.kL'd to an inhibiiiwy G \G\. which reduce* catalytic activity of AC and ham PKA. Activation of □ -R by nerfepmephnne 

•; NI:uLiiV-jlLh aiKihcr Li (G.) P which] ul Lujii uLiiVulLh jihu^iftulipiiM; C (lltl. I J LC hydruly.Bc* ii nuriiihmiiL - pliusplhdijnd 
phu s] sh ai i dy I Inad u I -4„1 -In s plu i s (i tuu e (PI! 3 . K releasing iflcsjtol-1, 43-irisfllio^ihsUE flP T ) ami diaeylglyeeral CD.Wk winch 
ickisc endoplii'anic reticulum CiT* and activate prntciu kinase C (PRO, respectively, PKA and PKC ptwwplnjrs Lite varimu 
cellular coiuciiucnti- tfiuii. in eonceft with elevated cytosolic Ca"\ elicit characteristic changes in cellular functions.»; Modeled 
after Lefkowiu et aL 1990: Ltnbert 1993;. Schwinn IW3; and Levitzki n *L 1993.) 


certain agonist-receptor interaction* with cellular 

responses (Sutherland nod Rail I960; Robison cl al, 
1967; Robison 1971: Rail 1972), Cyclic AMP is, 
formed 1mm ATP by I he catalytic action of the enzyme 

Adenyljfl cyclase. It is broken down to 5^ 
^n^iuensMW|i|i<>ipha^ by another enzyme, plws- 
pbsxlsesierase. Adenylyl cyclase is believed to be local¬ 
ized in the cell membrane in mammalian cells that 
contain the cAMP system I Gilman I9£4). Adenylyl 
eyel±i.sc is closely linked to numerous hormonal recep¬ 
tor sites, and changes in intracellular concentration of 
t AMP explain the pharmacologic activity of certain 
autonomic drugs and luinmniev 

It is known, c.g., that the adrenergic drugs norepineph¬ 
rine. epinephrine, and isoproterenol increase the concen¬ 
tration of cAMP in the liver This effect is mediated 
through acceleration of the activity of adenylyl cyclase, 
l-oposterenol, primarily a p agonist, has the greatest 
effect* whereas norepinephrine. primarily an a agonist, 
has the least poLent actmn. These relationships conre- 
spond cltrttly with ca tec hoi a mine- med i al e d glycogenol- 


ysis in the hepaineyccs, which has now been aurihuricd. cn 
cAMP-medutod increase in pho^tovytee activity, 

A Herat ion of adenylyl epekae and reffullaurt change 

in cAMP by various adrenergic drugs have been 
demnnsiratcd in numerous other mammalian tissues, 
including spleen: kidney: burin: adipose «U&; and car¬ 
diac. skeletal,, and smooth muscles. An increase in the 

tissue concentration of cAMP is generally associated 
with p-receptor activation, whereas, a decrease in 

cAMP soems to be mediated in gome tissues by cl, 

receptors. Numerous endocrine hormones may also act 
via alteration of tissue levels of cAMP. In contra*!, the 
inositol triphosphate pathway is the intracellular mech¬ 
anism linked to fi,-receptor activation. The cellular 
pathways linking hormone receptors to guanine 
nucleotide-binding regulaiory proteins la.c., G pro¬ 
teins). cyclic nucleotides, and associated enzymes are 
schematized in Pig. 5.9 (also see Lambert 1993: 

Schwinn 1993 ; Levitzki ct id. 1993 ). 

■r 

The interrelationship of ji adrenoceptors and 
cAMP has been intensely studied in heart muscle. 
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FIG 5.10—Structural and bk^fniutk pathways of cyclic AMPfcAMP) and cyclic GMP leGMP) And a Khendc of ifcicir 

p*-ii;sif|^l rules ikt i nIn±L^LI u Lir mtru^niturx fin* aulniwMnic. 1 imjnitniiihniiLlm- AcLivaLum uf P'uJfciicr|j[iL~ nroupUHfti liy Nh! 
inc*TCLLN4!K .activity 4>rKI k* nvInLc eye law (AC?, jsn enzyme lhal cuLuLy/xs (+) Ituj c Lime rail hi i?f AI'PIli tAMP. [iK.Tua.wid intracel¬ 
lular cAMP leads. Do increased (+) caUndiirlj (viu several mcchanismO of lhe myocardial odLACh KQnm mcnw 
ruLtpkira. which hmta Il> MtlvMlklll uf gibubvfctt cycltH <GC I. uji ■qm dufl catirijfflM l * h [he HMmiCHI rf gltanc*llie 
tripImphiAe up cGMP Inere-ased ■ ih utskjl!JLllI£lt eofleemniiLirti of cGMP lead* (via several mechanisms?) in decreased myocar¬ 
dial luriiwliUy, 


Calcchn-liimines increase the concentration of cAMP 
in Ihe myocardium by iiclivalmg udenylyl cyclase 
secondary ID Iheir Igultt effects a! ihe CHdlu (i, 
adrenoceptor*. Increases in CAMP correspurtd wilh 
an increase in heart rate and contractile strength, and 
effects- of cu1cchol amines in the heart are mediated 
by Ihe Fntuobod of c A MR 

Severnl groups of drags have been known ID elicit 
aulonomic-like activity in various tidMKft, bul Attempts 
Id luockte iIkm; effixti with duoge in DMiohuound 
tr-iwsinissLcin hu.se failed. Il now seems llml certain of 
these drugs bypjuss receptor she* and act on [he ™ 
CAMP flyvtm 4is lhe culcchnlaminc*. The vncihylxan- 

i:h]!II*«*- (taffciiHr, [htfiAmminc, [hcL^phyllineJ., c.g., elicit 

dugn in hcan function noiiUKcnt of P-reeeptcw 
ACtivothM in lhaL they elicit positive inotropic arid 
drow rti qpk rcepoo M . However. [} Hodn do 
pare vent the cardiac ACtkttl of ihe UKlhylxiiibLhmes. 
These drugs arc pinspbodiulerw inhibitors, By 
mJiibiliiig Ihe phosphcKliesLcrase enzyme, ihe catabo¬ 
lism Eif cAMP is impiiiivd -utd the ceUular cwoaun- 
boo of this nuckobde increases. Furthermore, the 
methyls am hi lies pole ni iutc ihe effect of calc- 


cholamines arid oilier iJjmgs lhaL ucEivaLe adenyly] 
cyclase (Samir Ainer and Kruighhuum 1975). 

Aftodw dvtod wctooihte. cydk ^uao*isinc 3'J- 
]imiiophospliaic leGMPli, is ibo imfKPfiani us -un inifa- 
cellular messenger in some cell types- (Robison 1971 )l 
S pecifically. cGMP is Ihe HCOfht messenger for ihe 
effects of ACh meddled tfaroufh fletivabofi of Lhe mn-%- 
ctrtnic receptor. Tlte Rtmctom ;iod btoiynthEtt p«ih- 
wayst of cAMP and cGMP inv pfemtod in Fig. SrlO 

^lurig vvistfe a nmk\- of iheir poEcniial antagonistic 

action un Bvywanfiil e^icriieEiliEy (Ckorfe ei ml 1^7^; 

Nawrath I976i, 

AUTONOMlt: DRUGS, l>rugK lhal exert pharmaco¬ 
logic effects simohding adirvilHa. intensificsiion. or 

inhihilion of either the sympathetic cm lhe parasympa¬ 
thetic ners-oos qntem have been hutorically referred to 
as utoaomk drugs. As n rule, atowmic drugs aiv 
classified actxirding So ihe phywdofk jitiiviiy they 
mimic. Table 5.2 summarizes the classification of She 
basic types n>f autonomic drugs shut will he discussed m 
■sub>equcnS chapters. 
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CtaraficiFioN fhher icrms Pliafniiiiirolngic effects 

Mechanisrnpi amt examples 


SyiaipiiLhcHimiiLMiL: 


A iklre liLigic* 
Adrenomimetic 4 


Sympatholytic 
RKqAOr Mocking 
dhui 


Athenergic blocking 
drug* 


Neumnnl hltockinji 
effects 



PnsyiDEnthoaij mctic CtroUncrgict 

<"hnlinHwnimtl it 5 

P&ravympadholytic 

RtcUpiur bhxkinp diuhncrgicfi blue ting 
effects drugs 

NeunwiaJ Mix-'king Aikliehnlinor^.it^ 

effects 


Resemble irllceES mused by 

slimublinn nf adrewngk neurons 
SiimilflK dfedfi of epinephrine und 
rt mp Jae p iifiM 


Inhibit ^llotlv nl AynipaLhciminkfhc 
drugs. inhibit rex panic* enured hy 

stimulation of adrenergic hihxh 

Inhibit lespnn^ caused hy 

stimulation of adrenergic neurons 


Resemble effects caused by 

slinmlalmn uE pcttilgujiglkimi; 
pamsyiiipnrheti.; neurons 
SIII ILllLLlt: fitLLlh erf ACh 

Eidubil effects Lit ACh; inhibit 

respond caused by stimulation 

nf" yrosl yang I mil it parasympathetic 

mnn 

Intuhil rcspcKues caused hy 

^limutncicm erf postganglionic 
punbyni pathetic Huraufl 


Dtiwi at Li n g— olJS- ad f efi erg fee 
receptor ignnisls icl-pbunyl- 
ephrinc: ( 3 -bopnjtCTCDDl; 
a.fl-cpmcpIiniiLl 

Indirect acting—release endogenous 
slows of otedulainLttfl 

IEvtsiiiiiik, amjihcLanniicI 

tamK sympathetic discharge 
(nboonmc dbohntrgie agDirists 

El Lock a ckt jj reLeptnr-. ici blndt^r*-- 

phentnUminc; p Mocker— 
propranolol f 

Deplete craUtg minis vutocholiunizii.'s 

(iBapue) 

Irilrihji rcteue of noqiiiKptinBC 

from neiYC kniEiiiLils (bffltyliAilTl) 

Direct acting—diotinefgic receptor 

agLinisU (ACh, cnrtiacKra! f 

ladint nccing—cholinestemse 
mluhiltirs (neostigmine, 
organKsphosphates ) 

Hlix'k mceSLiUL;§ <w nuuscunnk 

receptors (muscarinic blocker— 

j.lmpinu; niL'ulink' EihsAirr 
hoamcthoniuTiii 
Inhihil n . 1 least 1 <rf AC"h Fmm iiene 

lermmals (bctuli num toxin! 


♦These icons refer spedtally iu activities ai adrenergic synapses, adrenergic ircurueffarfor junclwfis. him! adrenergic receptors, 
tSympaihomimwiic effects may be produced by nicotinic cholinergic agents by their excitatory aotioo on sympdiheiic gari- 

gl ia, Che adkcnal medul la and j^lfxriicry.iL- nor* e lemnnal s, causing ftvnipulhelic discharge -md release of epinephri ne and norep¬ 
inephrine. However, these activities should be considered ^ scotMidarv wlk.*rt Imx^-buscd dassrikutinfis of auUmnitik drug* are 
considered. 

I* these Icons also refer to mmsiulunuinii.- sues (e.g-, MHnaUc iieiiixmiiisLular jiinctww B CNS). Thus Ihc term* ptirasympUh- 
onunwtw and (WKjmpMfaolytic are reserved to describe nctrviiies nf ihe parasyrripflthrtk Hmcffccfer junctinn d e- in'rein- 
don to muscarink receptors: see icitf 
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ADRENERGIC AGONISTS AND ANTAGONISTS 


Adrtuerftlc (Sympathomimetic) Drup 
Adirmargjc Receptors 
Slruclure-ActMt? Relationship* 

Adri tu r^k 1 Receptor Subtypes; Fherm^colii^k 
ApplksliiHis 
CsflFcboluninrs 

Epinephrine. NtitftpfattphriH, li ml 

bopralHtad 

[>«|umlne 

DuhutamJne 

N o deb tec hoi a mi i is m 
Epholrllft 

Amphclumiiu 

Fbciiayieplirine 

Mclhoxiimijie and Vlvliinirriinol 

Selective Agonist* 

P^Siitimlw Brunrhudihjlurv 
AiriyttiKrgjc Ppjp 
A dmiergk A ntagonisis 
Pharmacologic i 'unsideraSi-uns 
Adrenergic NMfUB-MDdfclnt Drugs End 
l 'ntrehaslainiiie- Depleting Agent > 

MiMfllujitmiv Agent! 


Amine siriHtms Hut cause physiologic nchjvnnsts 

similar ?o those- evoked by the endogenous idnuH^u 
mediators epinephrine and norepinephrine are known 
as adrenergic drugs. They UC itfbttd to as svmpuLh- 
ami mdk; agents beeasu.se iheLr pharmacy logic effects 
mimic *ympatbctLc nervous sy*LeTn stivily. Sympa¬ 
thetic neurons and iffituted FcocfHara of innervated 
cells are depicted in Fig. ft. I. Most clinically relevant 
adrenergic agonist* exert their principal pharmacody¬ 
namic actions through receptor activation. Just the 
opposite, adrenergic receptor antagonists prevent 
receptor activation and thereby reduce sympathetic 
activity. ’■Sympatholytic.'" "adrenolytic."' and "‘adrener- 
gic blocking" are terms used to describe pharmaco¬ 
logic effects LhuL in general, simulate a decrease in 

adrenergic nerve activity. These terms we not synwy 
TiKius. and they have been used to describe different 
types of uniiatLrcnergic actioni > m wilt be discussal 
laser in this, chapter. 


ADHINEKfiK! tSVMPATH-OM1.MKTI L r J DMUCSS, 

Phiumaeiiiogie efTeeis of sympaLhomimclie amines are 
mediated! by activation of adrenergic receptors of effec¬ 
tor cells mnervuicd by the sympathetic nervous pyrin 
(Rj. 6. If hi mi nnervaSed iidrenoccpiorv. also are pres¬ 
ent m some cell lypA lu general, therefore, pharmaco¬ 
logic effects of tdMagjk tgontas eafl be ocywurd ti► 
phytkflogk effect* renltug from io cffned iyinpa- 

dKadrmal discharge, A thorough understanding of 
hask adreaoceptLif concepts is importam to the future 
practitioner because thk inftknnaticm has direct appli¬ 
cation to the clinical use of all adrenergic agonists and 

anlagtuiisis (Adams 19 M)l 

Adrenergic Kecgpfiars, Adrenergic receptors (f.e P| , 
adfciioccpton) are maeromnleeular structures local¬ 
ized on or within the surface membrane of cells inner - 
vaLcd by adrenergic neurons (and certain nojiinncrvatcd 
cdh). The bttk physiologic function of the adrenergic 
receptor is to recognize and interact with the endoge- 

■i nous aulrencrgiL: inL'diulurs hurepirlepliniie and epi a 

nephritic This imerywtion triggers a series nf on tuple* 
) intracellular events that yield a characteristic change in 
|j effector ce^ll activity, 

A classic simplification of the complex Held of 
adrenergic receptors was formulated by AhlcpiiKt in 
l c MK: he prcxpnsed Lhc existence of two basic types of 
adrenergic receptors., which he designated as alpha fa) 
and beta <[ii. This dusifleada system is bool on the 
relative potmens of several adrenergic agonists to elicit 
cxeitoiory and inhibitory effects in different tissues. 

Struct u re - Activity Kvhi t ions h i ps. Sc \c ml factors 
have complicated determination of optimal structural 
requirements for adrenergic drugs. Most adrenergic 
drugs affect both a and |3 receptors, and the ratio of n 

arid [3 acLisiLy varies ErunuiinJLHUsiy belween drugs ami 

species. Some adrenergic agents cause indirecl effects 
mediated by release of endogenous norepinephrine. 
Despite these vojiuus and oAfid conflicting interrela¬ 
tionships. some general and some rather .sped fie 
aspects of the stnictnn-actWfty icUlkuhlp of sympa¬ 
thomimetic amines have been determined. 

The basil for sympathetic-like Activity of various 

drugs depends ujjKJii I he similarity of their cbeitlical 



Copyrighted materi 




Smooth 

muscle 


Artery 


PraglangJonie 


neuron 


receplor 


FLC- ft. L—Aitalnnnkal rebhmdhi.;ps ctf ^fnpffttKlk 1 IKtlKMl 
OUflllow Lrai'Li and idliliuled recepUm of ihjicMt, tied cells, 

Sympathetic pKp^lkiqfc KOAtiiji ih< tfrawwtianbjr 
regKJti <yT the spiral cord nnd synapse with gangJUMik 1 mj- 
mn«, in nn jdjmrcfH .ganglion, or pass through die bm*f to 
qth|m with b neuron w ithin a distant gmjlinn uftuwn)L 
The pn^pngliwiic aron icnrnnal rcfcuca she rcurocranMTiii- 
ter acerykEfcoline (AChk which activates akoinc choiiiufgn! 
receptors on the ganglionic iltukjci bud*. The resulting Mim 
wlaikm of the ganglionic neuron promoMi rctauc ul” the rwu- 
roirjuLscninof noKpiiicphruio (NE) I min rthti a&m l^nvwul :il 

itie piMigjJigLiiiniL syiigpiltltfK iKlirwitKIOC jUIKtklS 94 

blood. vuRels (nhqwn) w ether tim» iiUKraiwd by a yiu pa¬ 
thetic mnumiK. NE Katrmca m- (shown 1 or ^adrenergic 

import present wi icdlft innennted by the sympathetic divi- 
Mon of the autonomic nervmi* system, Prtf nnglkflk fibers 
jut red; pM^prigtiMie fiber* m blue, town by Dr. 
Gheticghe M. CtmCMiiiwu. Unrvmhy of Missouri. 
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TABLE 6.1—Cbcnkil sEnw;itures and related ph^rmuakli^jc ucli> itim of wmn* t'^mnn»n!v used 
s>mpu.thimi]mL , lk' amines 



P 

CM 


a 

OI 


Drug 


Aetivkv 


Oiiiilj.1 

II i *rU 


^itfienyltthylamine 

l-phctiy iLihum>lufiaiEiL- 

CMHtnluiKS 

Dopamine 

NwcfjincEhrinc 

Effta i Kpiljfi 
bopnAmd 

Nnmt* to: N >1 om i rvc s 

Mn&nrniml 

Phenylephrine 

Tyramirae 

Hvdrovy ampknami ne 
AmptaUuniiw 

ML'dl.ll lipllJl.il || JIV.' 

Ephedriiw 


H 

OH 


II 

H 


M 

H 


yOtt. 4-OH 
J-OH. 4-011 
VOH, 4-OH 

3-OH.4-OH 


H 

OH 

OH 

OH 
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H 
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ban 

3- QH 

4 t H( 

4- OH 


i i 


OH 

OH 

H 

H 

H 

H 

OH 


CH 

H 

M 

CH 

03 

CH 

CH 


H 

If 

CH, 

CHcCH.li. 

H 

CH, 

H 

H 

EL 

CH, 

nc 


mm* 

GLpy D 
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« 

ft 

I 

I 

I 

1 

r, -x 0 


RC.K 

he 

P„ C. A. B 

CB 

P 

P. R h 
CNS 

CNS 

CNS 

RC.CNtS 


3 


■ r 


N%mc: a =a receptor; |3 = p rocepur; .A = alkfgie reactions; B = hiwriwytiUlnf 40- receptor |q C = cuiu stimulation 4 
wccplnrl; CNS* mini] ncmnix system esdUilinn; D =■ 4kip:mtim! nay interact m'ilh le. amiikip amira-Tgii; receptors; I = nit 
rect-Kting, cutset release of endogenous norepinephrine Thai acts on u. and p receptors-- K * venal vasodilation idopamintfgk 
nauepknVl; | a = pnrsMir activity; Rh = relict bradycardia fit mi presMW uchsaflHw ol humrercpli irt vagal refit!!. 


subserve an autoujtubilory regulation of norepineph¬ 
rine release mechanisms. The physiologic role ot a- 
reccpUr prejunctional events is envisioned as a local 
servomechanism through which norepineplirmc can 
govern iis mu re kmc once a threshold concentration 
of LnimmilltT Ilu,v been exceeded within Lhe junction 

C Saved cE nl. 1982 ). 

I^EnJHCTIONAL (J Receptors. Epinephrine nliso tan 
activate Lhe prejunctional Wtainhibikafy a rt^yfitors, 
with potency about equal to chat of iuit epinephrine. 
[niercslingly, however, low concentrations of epineph¬ 
rine actual Iy accelerate norepinephrine releiesc. This 
fiH-ililaEory uvCnwi as- itirtd by the p igmist Lsopro- 
ternwl and prevcnlcd by p-blocking drugs. These find¬ 
ing* indicate ihtil ftOtiiJreiit'rgk nerve endings possess 

p reeepiom that subserve a rijmnlia&Ofy effect on Trans¬ 
mitter release mechanisms, an action opposite 10 that of 
lhe prejunctional a. receptor. 

Norepinephrine itself seems to have littfcc influence 
on Lhe prejunctional P-aidjostimu] alary rccepiors, per¬ 
haps because this r esc pi or population is more repie- 
seniiiive of 0, rather than |J, subtype. Thus the u-oon- 
trolled aucLivivihibitary cycle probably dominates during 
usual communication Ixnween neuron and effector cell. 
A model of noradrenergic neuroluj4iK>raJ iramni^oi 
incLirpvryting prejiinciioiuil a and p recepiors is pre¬ 
sented in Fig. 6.2. alnnf wish representative* effector 
cells, their proicrtypical rceepiotr classes, ami associated 
physiologic responses (Adams 1484]. 

ADftE NFJRGK Rj=CEPTOR Class LOCATION. The orig¬ 
inal difTcrenflifliion of adrenergic reeepcors into the two 


main classes, re and 0. was based mainly on Lhe relative 
potencies of lhe agfinish norepinephrine, epinephrine, 
and iHopmlerenol in eliciting exeilatory or inhibitory 
effects in u scries of Tissues I'e.g., heart, vasculature, 
lungs) fAhlqirist 144B). Ejurilulory responses were gen¬ 
erally designated as re-receptor evenly and. for Lhe 
most part, Inhibitory responses were designated as 0- 
receplor events. The CKdtaidfy 0 receptors ni the heart 
rtfprescnlcd an important esceplion to this rule and 

pointed toward difTerent types «rf pi receptors. 


Pj-p, ADflEKEROIC RECEPTOR SUBTYPES, Parity 
because of the potenl P-idinflatory properties of nor- 

epinephrine in some tissue [e.g.. r the heart), but not oth¬ 
ers (c.g., lhe lungs), il was suggested that p receptors 
actually ccmpriied a heterogeneous populatkm of two 
disinter subtypes: 0, and P : . -(Lands cl aL 196^1. Many 
tissues contain botn JJ, and [i, receptors in various 


ratios, depending on specie* and other vnUbb. One 
suhiype usually domLnates and provide* the tissue and 
organ w ith their fuflcdoml cla*si(lcalion as being under 

either 0, or 0.-rcceptnr conirol. A compi biion of the 
predominant p-receptor suhevpe in severa .1 os-ul-s is 

included in Table 5,1. 


CARDIAC Pj RfiCGPRM The funclionutly prevalent p 
receptor in the ntyacardium. of most if not all mam¬ 
malian species is the p ( subtype. These receptors are 
activated an the following order of potency: ivnpru- 
leremil > epinephrine ;> norepinephrifie. Active ion of 
cardiac I receptors leads to die eharactetistic syrnpa^ 
Ihomimetic response qf the bean as schematized in. Fig. 
6,3. In brief, this entails positive inotropic effects 
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Effector Colls 


Noradrenergic Axon 



E l Contract. Wd 

i Heart we J ? 

lAuTomalicity 


Vasoconstri-f.tion 

ViSDdilahor 


Brooch odilatien 


hits, U^Sdwniik diagi mik of peripheral nondmu^gk neuiwffc ctor junciion* with a model ujh Icnnul micwit y ml 
itu! Iif 11 bUilII Ivpieal efftctff C£Jh <m\ tfie nglu. TIlC pirdtiiviiiuihl adkenooepUif aiblypeft aikl fc-sstfciiiicd pfayiudofic responses of 

Ihc heart. blew sd vewel, and hrnnchinlr arc jlcpivicd. N"*)«piiiE|ihrine- i.NI ! I r-dcuHed Inxm the neuron can inkiaLL pusliLsr&.'hPrs- 
ally v*i\b invi^rvatgd ii | -nr p ( rvcepkirs uf effuLlLircells and perhaps m-irrfUiw idanhud line 11 u either mrarh^ pmCj.uiiLCKMnaJ 

revepwrs. NE lAu con KOrnc prejunclional n raccpDon la, subtype j m inhihLi further itfcnc of ME. Nl: ii tci-ikiumI fnim 
ihc junctional deft by diffusion. cxcranturon&l uptake, and idiw uptake ircuptakei inl<»- Itic neuron. where Li if metaJM irai 
by nuinsKkiniru.- OAMw fMACJ) Of irirknnhmUnJ into sUtfage vesicles. hejyncciutlall ff mCflptOfl (flL subtype] IlhHlt a lid]- 

ilflbvy e flee I nn > NF relc-ptf, hut it jf q lit slH-n able Iff whelticr Nl: aLurlf ulIlyuLcs this [^..-aifluslaniulaLein.' l'i:i:dhai:L kt-up. Nh 
sl«n h** Mtlk p.-;i£iinisl iitfiviLy in HIlithI vessels <ir hmnrhanlet, whereat L'pnicjihmiC flBjpiJ can ill!ih aJ l: all Lypcs <d ft and fi 
+h Ire ehS.T*- pi lm - -.. MVf). m mynLonlinl cu.yQ.en demand i Adams ] 964). 


I increased contractility). po&ilivc chronotropic effects 

(liKRtKd hurt rate), positive dromotiopk effects 

{accelerated conduction of The cardiac iinpvl^eL Hd 
enk*fRHHC L’pf liAlcL-ni piieeisLLkcr activity. Increased heart 
rate .and contractility IcaJ in turn to- increased myocardial 
oxygen demand and metabolic cwonary v^sudnlaLion. 

PULMONARY AND VASCULAR SMOOTH MUSCLE [J, 
EtfiCfiPTOftfL The fJ-adrenergic receptors of the pul¬ 
monary llmyi and peripheral VUCUluf beds tn 
mainly Lhe |i, subtype <Fig. U), These HHptoR are 
activated potently by iwiponertitol flfbd epinephrine hue 
qiUK’ ptforly by jh>rcpLnephrine. The p.-pulmnnary 
rceeptoni s.utwer\'e relaxatiun oi' brnnchiolur smijoLh 
muiu:le and Us accompanying hnwiehudilalicm- leading 
tn an improvemcnl in airway conductance. Vttcular 
hiuckhIi musde p, receptor* are presenl in wiflU tis¬ 
sues.. where they mediaU" vyuaKlihuion auid reduce d v-iL\- 
cuIaj i w fatan ce , Alllunigh chure is sow uneertainty, 
srissst p,-v^:u.lar recepton are pnohuhly non innervated 
and, wilh the pulmonary p, reeeplor*, depend mainly 
irii eireulnrinfL epinephnne toe aclivatinn and ha-uJ 
adrenergic Eum 1 (lug. 6,2>. 


tt, HDtj PaCEPTOR SUBTYPES- Afcplm rnpK ws siisc? euh 
he divided into two disLincL suhpnpuLations: (x ( and tt,. 
This nonbcnelaiure began wilh the realization ihal the 
pcejuncSiunal Ot-icceptur pjpulalion resptmdeiJ to drugs 

mhkwIuI dUfeiwtly ihan did the usual a n;eeprL-Hrs of 

effesirf eelK r This* ]ed lo clas^ificaiirui of the typical 
effector celli tz receptor as a ( subtype, while the nerve 
lerminaL nceeptor was designated! as- n, (Fig. fi.2k 
Alpha, reecpior* are mu rcslriered anammically to 
neunonal elements. They al.so are kH.alcd on some nnn- 
innenated ocll type*, e.g., thromhocytcs. Moreover^ Ol, 
receptors- also share certain li.vsue and functions with 
the ft, subgroup. Pressor responses mediated by mm:p- 
Inefthrin and epinephrine, e.g.. involve actmtiw of 
a,- -iuhl Hj-ROftw type% in vwular smooch muscle. 
The a, receptor reprints. Lhe Lnnerh'aLed vuailnr 
fcceptnOi.. whereas the cl type Ln this lissne i* believed 
to locaLLze predominantly in extrasynupLic regions of 
vascular smooth muscle cetls. lindtrihdi-id Ceils of 

blot-Kl vessels also have a, KtXJHOfl, which subserve 

release of endnihcliijni-derived relaxing futW (EDRFf 
lending Co wwdilltifll EDRF has bHfl i<hrnciFed s 
nitric oxide nr a eltwely related compound that release* 
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EHCl. IS. '< C'iirdi-^vuwular u flee Is ol intnvunnusLy udniimsU-TL'J rKm^nncphrinL 1 (Nti), cpincpIiniiL' (Epi), lliiU isni^slL'miuL 
(ISO) ifiutk&g SclifUliltic nrpte^iifnCiiticins of tffKtt of equivalent dusts uff these amines urfe hluod fpffMltft (BP^, femoral 

h loot I fliiw (FBF). npna-1 hhwsd flttw -J FISs I 'peripheraJ vascular rcsisLirx-L' lllK), Tnyncanllial euiLlnichle (tunac < MK’Kj. heart rale 
IIIHh and cardiac output |C’3CJI. ic = xcsjidnM: iilodiuied |prmfcarily fry ra-adrvflirrgiv rCcq'luf. |i = feipMiiiC nlvdjaEed primarily 

fry ^adrenergic iwefflor <p„ or p . sutara); K ■ reflex imeduted. Chfarucierisiks nf niidimiJstuhLr expitaiioa e*nfc«l by \hnsu 
agents urc due to differences- i»i rara-fl ipnirtk properties (Table 6.2), See text f™- expUnafiwm «F wN re ipfls te , 


nitric oxide (Stt Chap 5. Lowensiein el ak 1994; Ang- 
gfud 1994 k 

Based on Lhe foregoing summary of a,-a, and Jlj-flj 

neeptor subtype* „md respective tissue responses, it 
should he apparent that aLL adrenergic drugs do not met¬ 
es sari I y produce identical effects. Their pharmatologiG 
profiles vary depending upon their basic chemical 
structure and resulting activities as Ct, [5, or mixed fl| 
agonists. Nevertheless, sympathomimetic amines 
exhibit many similar pharmacodynamic properties. 
Therefore, only representative adrenergic drugs will he 

examined in detail: other agents will be compared in 
relation to differences they may exhibit in agonistic 
properties (i.c.. activity at ci or P receptors) and in 
mechanisms of action (i-t.. direct- or indirarl -acting 
sympiitlmiriiiiKtiy activity). 

It also is important to realise that the ot,-^ and 0,-ft, 

classification of mnpton is an ovcrsimpl ifiesJion of 

receptor subtypes,, There are multiple subtype divisions 
of esc,*, a, [S |R and |3, receptors (Alberts 1993; Feldman 
1993; Rnmcs 1993). However, the clinical rekvnee of 

adrenergic receptor classifications beyond and 

[ij-p, remains to be dan lied. 


CATECHOLAMINES. Catecholamines are direct- 
acting vympallmimilteVic ajSliiies. They - activate recep¬ 
tors of effector cells; therefore- adrenergic nerves are 

nor required for their effects. 


Kpiiit'phriiH 1 , Nori'pijii/phrinc, and IsoprutertnuL 

I .pineptiriiue (adrenaline) and norepinephrine (non 

drenaline. kvaitcrencJ. iitereooO are endogenous bio¬ 
genic amines; isnpnrrterenol tisopmpylartercnol) is not 
found in the body but is chemically synthesized. Subfile 
(differences in the phurmucotagic effects of Structurally 
related adrenergic drugs can he demonsLniied by com¬ 
paring cardiovawuliiT effects of these three agents, as 
shown schematically in Fig. b.3. 

Different cardiovascular responses seen with epi¬ 


nephrine, norepinephrine, and isoproterenol in Rj. 6.3 
are due to difierences in Lhe ratios of their tic- and |J- 
agonistic properties. Classification rf adrenergic recep- 
lors in the heart and blood vessels, related effects, and 
lhe order of potency of epinephrine, norepinephriiie, 

and is op rotefenoi are shown in TabJe 6,2. 
Norepinephrine, because of its a-agonist proper- 

ties, aetivaicft the a -vascular receptors, resulting in 

i intense vasoconstriclion; peripheral res i sta nee 
increases and femoral mid renal Mood flows decrease 


(Fig. 6.3). 

Although epinephrine is a potent ct sisimutant. it also 
is very active al |3 receptors. Beta, reccpIOCS in blood 
vessels subserve vasodilaEiun. In response to epineph¬ 
rine, vasoconstriction occurs in vascular beds that have 
predominantly a. receptors (c.g., abdominal viscera )q 
however, vasodilation sun occur in beds that contain P ? 
receptors (c.g.. skeletal muscle). Blood flow increases 
in JfeTEfeE in response to regional vasodi latum (e.g. h 
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TABLE 6J—Adrenergic 

receptor nrtivatiun by catrchnl!aiming 


Ractplnr 

MK 

Tissue 

Response 

PdtQicy of agonists 

a 

fc 

ft 

lilisv 1 vessels 

Blood vessels 

VBKOfntrkrtioH 

PtttMve unil ctimni^rcipic 

effiRU 

toMllaion 

Epinephrine > norepinephrine »> boprotercaoil 

lsiipnrfL'reni.11 > tipiiMiphLrinL- & suirepi ncpliniyj 

iMjpnrftrcnul > CpnicpIiiiriL' >» nurupsi^pln im- 


Note > = greiKr ihan. £ = greaser than «■ equal: >»= many cunts m*tVV- 


fevnofaJ flow) but deereuea if va^oconsifiction domi¬ 
nates (eufr, renal flow) (Fig, 6.3). 

Because isoproterenol is a sdeetiw p agonist, ii 
CUSH wodildllUttl, fall in durslolic Wood pressure, 
decrease in peripheral, resistance, and increase in hliood 

flaw io areas eofilaifring p receptors (e,g„ femoral blood 
now). The renal vasculature hu few p receptors and is 
therefore liccLe affected by isoproterenol (Fig. 6.3). 

Hk heart invited by epinephrine, norepineph¬ 
rine. and iMiprotcrennl (Fig, 6.3}. Isoproterenol h the 
most potent of the three and causes a relatively greater 
increase in myocardial contractile force, heart rate, and 
cardiac output than the similarly acting epinephrine. 
Norepinephrine also increases myocardial contractile 
force, but briwlyciircfia occurs at the peak pressor effect 

of this amine. This- is due to an increase in vagal time 

reflttly instigated by the pronounced norepinephrine- 

induced increase in mean blood pressure. Nurepineph- 

rine-medmled peripheral va-suconstricEion may 
decrease venous return so cardiac output does nut 
increase, although the heart h activated. 

These examples denunnsirale differences, in selective 
cardiovascular effects of these closely mimed care- 

tlwliirmiws. Neverilwles®, it should be apparent that all 
three agents elicit Lhe same basic result, a net increase 
in c-ordaovmculLar activily. 


Pi I ARMAfQLtKiEC EnilOS 

BLOOD PRESSURE - Norepinephrine administered 
inlravenously eiLher by slow infusion or bed us injection 

c:jii*c% -I -li■IV kill'd in-. il'in -In In.- :hilL diastolic 

bloud pressures due to body wide sascKXifisirietioifi, 
Mean blood pressure increases accordingly; little 
change is seen rn pulse pressure. 

Slow iBtommam (IV) infusion of small amounts of 
epinephrine usually causes a fall in diastolic Mood 
pressure that may or may not be; accompanied by a 
slight increase in systolic pressure. This response is due 
to regional vasodilation t|3,-receptor --mediated), which 

cause* a decrease in peripheral resislanec. However, a 
bolu* I V injccliqn of a large amount of epinephrine 
te.g., 1-3 pg/kg.l causes a pronounced increase in blood 
pressure that is as remarkable a.s that produced by nor¬ 
epinephrine. It should be appreciated that epinephrine 
\s an extremely potent pressor agent. This pmsssor 
response depends upon Yjsucuiiscrictiun. myocardial 
stimulatim* and tachycardia, Bradycardia can occur at 
tin.- peak pressor reapo w e as a result of reties vagal 
activity. A depressor effect may be observed alter the 


pressor response to a large dose of epinephrine, 'Hits 
secunduy response is related to residual activation of 
(I., receptors in Wood vessels, 

Fallowing a single bolus- injection of norepinephrine 

or epinephrine, the pressor response lasts for several 

minutes., then gradually decrr-ascs and mum to nor¬ 
mal within 5-10 minutes, is opcorewn ol increases pulse 
pressure predominantly by lowering diastolic pressure. 

I biv effect is tin*- Cis- p. iL-Li-pliir rik-iluU il viisihjllajion 

VASCULAR smooth MUSCLE. This type of lis&uo can 
contain both pc a * and preceptor subtypes. t which sub* 

serve vasoccmstriclipts) and |1, receptors (which sub¬ 
serve vasodilaticMi). Epinephrine and norepinephrine 
are very potent consLriclors of Cutaneous and mucosal 
blood vessels in mammalian species. Adrenergic 
receptors in these vessels are almosl exclusively ft. 
Intense ^■asoconscriciiud, increased vascular resist¬ 


ance. and decreased Mood How occur m these regions 
in response to norepinephrine and epinephrine. This is 
often sml us a blanching type response in ikin or 
mucosal membranes, 

Since cpingphriak; is ;h mure potent a agmiLst iluui 

lmreptnepiiiine, ii is 2-10 times snore active than nor¬ 
epinephrine in cofLstricjtLng cutaneous and mucosal ves¬ 
sels. Smaller arterioles and preopiLlary sphincters are 
particularly responsive to tin; vasocwrisirictuT ciMe- 
chotamines. They are active regardless of whether they 
are applied topically So blood vessel s B sprayed upon 
mucosal surfaces, injected perbmuhfl^ or adminis¬ 
tered systemically. Isoproterenol has liLtle if any effect 
m cutifciKWi& and mucosal vessels, because of the rela¬ 


tive luck of j3 receptors- in dne tissues., 

The renal vasculature tm> predominantly « recep¬ 
tors), Epinephrine and norepinephrine cause vasneon- 

strieiion in the kidney and a generalized increase in 
vascular resistance in this organ. Renal blood flow i* 
decreased even in the presence of an elevated systemic 
blood pressure (Rg. 6,3), I JUge doses- of a-agonistic 
catecholamines may actually induce ,i functional renal 
shutdown caused by decreased perfusion of lhe kidney. 
During this period, urinary output is wbstiniiilly 
decreased from lowered gJumemLar filtradon rate 
Isoproterenol has little tied on renal arteries 
because of the small number of ft receptors in kidney 
vasculature, However, direct injection of the drug into 
the renal artery increase* renal blood flow. In addition, 
there are p receptors in Lhe kidney. nUdt upon activa- 
lion cause a release of renin into the ciRUlntioil for 


angiotensin formation, 



' ri □ hied 
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Misrenterie arteries are constricted by norepineph- 
r\m iLinl epinephnne as a result of activation of oc 
receptors. Mesenteric arterial as murfcfidly 

increased and splanchnic Hood flow decreases propor¬ 
tionately. In some circumstiUHjes, i.e H with small do^s. 
epinephrine may cause slight vasodilation of splanch¬ 
nic arteries because of the presence of p, reeepiocs. 

Skeletal muscle Wood vessels have k*h a and p 
receptors. Vasuconstriclion or vusodHialion can be 
induced, depending upon the a- and (Wgoriistie pro¬ 
files of a vasostimul-iilory unsine, Norepiatephtine, 
because of its relative lack of effect m p-vascular 
receptors, dials vusocuttstricikw in skeletal mnsdes 
caused by acLivuuon of ct receptors-, \tacular ittbtance 
increases and blood flow decreases pfopoftionately. 

Bela receptors in skfiktul fKIUSCk blood vessel* ure 
mure sensitive to -epinephrine Mian arc the n receptors. 
Therefore, small amounts of epinephrine actually cause 
a decrease in vascular resistance and an Increase in 
blood How to voluntary muscles through vasodilation, 
However, large doses of epinephrine cause v* mm- 

slriirihffl in skeletal muscles from (he n-rcccptor-mcdi- 
ated contract™ overriding jj-media ted relaxation. If ti 
receptors are blocked, Ihe response to epinephrine is 
converted to vasodilation from unmasking of Ihe (3 
effect. 1 f j |i blocker is u*ed. the ci-mediated constric¬ 
tor effects of epinephrine are accentuated. 

Isoproterenol causes relaxation of skeletal muscle 
blood vessels, increased blood flow to voluntary mus¬ 
cle masses, and decreased vascular resistance in these 
slruetures caused by aciiVHtiOri of the vascular |1 recep¬ 
tors. Since isoproterenol lus little effect oa ce receptors. 
|3 blockade abolishes lire ViSOdilator effect of isopro¬ 
terenol hut dees suit convert the response to vasocon¬ 
striction. 

Coronary arteries dilate in response to cate¬ 
cholamines (isoproterenol > epinephrine £ norepineph¬ 
rine I. The major portions of this vasodilator response 
are secondary to increased myocardial cnUractilily and 
heart rule and resulting metabolic demands id the heart. 

Alpha receptors, chat subserve vasoconsiirtaion cm he 
demonstrated in the coronary vasculature; however, 
ihey are more prevalent in larger vessels than in smaller 
nutrient arteries. Bda receptors dominate, causing 
vasodilation and increased coronary' blood M«:sw in 
response to catecholamines. Studies with isolated ves¬ 
sels suggest Lhat conm my receptors ire of the |4, sub- 
type (Cornish and Miller 1975), while in vivo studies 
indicate the p, subtype (Morehind and Bohr 1984). 
This is- different from most other vasodilator p recep¬ 
tors that have generally been characterized as (J. B irre¬ 
spective of m vivo or in vitro setting. 

Cerebral arteries are less responsive to adrenergic 
agonists chan most other vascular beds. This is com¬ 
patible with the concept that cerebral blond flow, like 
(XHtMttry blood flow, is controlled principally by local 
metabolic needs rather than by the nervous system. 
Nevertheless, both a-vBsoconMrietnr *nd p-vusodila- 

lor receptors can he licmnustraied in cerebral blood 
vessels. 


VaSCUIaR MEn-flANBMS. Mechanical fuiufflHI of a 
vascular sronoih muscle cell depends upon the avail¬ 
ability of free intracellular Ca + " in (he vicinity of eon- 
cnoile proteins. Norepinephrine and epinephrine pro* 
cliice vascular ponbndion by initially cauHing release of 
an intracellular (sequestered) source of C*T‘ to the con¬ 
tractile protrins in response to aclivaLion of a, recep¬ 
tors. The signal-Lnweduciiofl medHoism linking a 
receptors- So vasoconstriclioit involves the G protein, 
phospholipase C. and inositol triphosphiltc pathway 
(Brod.de and Michel 1992). 

Cyclic adenosine 3 P ,5'“ monopbosphato 1cAMP) is 
increased in response to [L-receptor activation; ihis 
tnecfianism utilizes ihe stimulatory Cl protein iCj ami 
jjJcnylyl cyclist pathway 1 Feldman 1993; Schwinn 
1993; Levitzki et al. 1993) (Fig. 5,9), 


MYOGA R DIAL FFFFfTS. lsoprcrtereni.il, epinephrine, 
and norepinephrine are potent myocardial stimulaah, 
They increase the strength of myocardial CMEraetik 
force and accelerate lie-art rale These changes represent 
direct effects ihfii are i»i dependent upon changes in 
venous return (preload ) P aflcrkiad, or other hemody¬ 
namic VirUbks. Ccutfraelik and rate effects of calc- 
cholamilK* are mediated via direct activation of [J 
receptors of tire myocardial and pacemaker cel Is. Myo- 
cardial [J receptors are subtyped predominantly as p r 
Isoproterenol is 10-20 limes more active in the heart 
than epinephrine; norepinephrine is somewhat less 
potent than epinephrine. 

The increase in myocardial contractility (pOfritdve 
inntnipJe effect) seen with each of ihe three ugenSs is 
produced in both atrial and ventricular IMtSCkt, The 
pwilivc inolrdpism in Lhe whole heart is characterised 
by mure rapid and forcible systolic ejection. IlK rate of 
pressure changes in the ventricular chamber is 
increased. The systolic interval is- Shortened Slid did¬ 
iotic relaxation takes place more quickly, Ok y gen eon- 
sump[Loi , i is accelerated to a relatively greater extent 
than the heart work is increased, Therefore, cardiac 


efficiency is sacrificed Lit the expense of absolute 
increase an myocardial ami recti lily produced by eate» 
cholammes. 

Acceleration of heart rale (positive ehrCMiM^iipivivil- 
induced by caledmlamiiies is dire to change* in (he 

automatic! iy of pacemaker cell*. TV ipontenMiu 
■depolarization prows* in. the sanoairiat node cell* is- 
AceeteratedL velocity of the action potential is enhanced 
in these and i Hirer condwcticwi system cells. Purtinjfe 
fibers are similarly siffected by epinepiuicic and nofep¬ 
inephrine, latent nr normally inaclive pacemaker cells 
are activated by these agents; they become more 
excitable and fins more easily or even spontaneously. 

Norepinephrine, epmephnne. and isoproLerenol 
increase myocardial irritability, resulting in serious 

lachyarehyduBias. especially in sensitiwd- animals or 
with large dose*. This, can he partially blocked hy an cr 
blocker (Bcnfry 1993). However, pure a agonists such 
as phenylephrine and methoxamme are weak aurhyth* 
ntogenic ugents. Also, a p Mocker sireh as propranolol 
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is more active thun m a Mocker in decreasing the 
Mfcylhinlu evoked by epinephrine and jRirepineph- 
rine. Certain halojicnuted —wlhclica (hrinftumr. irhlu- 
roformj increase lhe sensitivity of the? bean in cardiac 
rhyihm irregularities induced by cttKboluUfln. 

Bndycanfifl often OCCUR during Lhe peak pressor 
response seen after ■rimriiitfratioi i>T epinephrine or 

ftorcpiDephrine lo intact animals. Thi* can he blocked 
hy vagotomy or atropine; it is d ep en den t upon the 
hypertensive response causing an increase in vagal dis- 
chujge via lhe btfCECCtptnr reilcx mechanisms, ft m 

usually more pronounced with norepinephrine ihan 
wiih epiiHrphrine because of the relatively greater 
increase in wan blood pressure seen with the former 
Tachycardia is inv^uriahly ittlkIucvJ by isoproterenol, 

MVOTaRDIaI. MBCHAM3M3. la a bear! ffliSCle cell, 
contractile Cm*+ in believed to oripote in pun from 

Miporfieial sarcisl<. ! mns;Al siiex. Calcium bound $t ibvsu 

<\ics is in rapid cquiBbriun with Cr* within the extn- 
cellular space (linger \97A\ Parker and Adam 1977 k 

Cft 1 * inllux from superficial Bin links -membrane exei- 
latiun (L.C., Che cardiac action potential) lo contraction 

of the my odto i Cuechidainiiwv enhance the influx of 
Ca w into (he myocardial cell. due to increased intracel¬ 
lular couefilratkMn of cAMP. 

Aciivacinn of the endue JJ, receptor by epiiwphriuc. 

norepinephrine, and isoproterenol increases the activity 
Of a U -protein-linked adcnylyl cyclase (Broddc and 
Michel 1992: Feldnum 1993^ This enzyme catalyzes 
lhe OHntnkn ihf udenr^ine Lniphusphate (ATP) Lo 
cAMP Cyclic AMP causes an incKUed Ca + " influx 
through Lhe stow Ca - *" chuods of Lhe surcolemnia. 


resulting in increased availability of t_"a i& Lit the enn- 
ee^iltEiIv protdu (WalHUbe and Bttth 1974 )l Cyclic 
cAMP activates protein kinase A. which phMphory- 

lates various svlnilefi, Ctdinfautiog ill dianges in cel¬ 
lular function* rasponribfe for po«Hfve inotropk and 

diTHOtoopk retfontu to |i,-mept«r ictmuion. 

Several drugs iilter lhe CAMP syslem in complemen¬ 
tary way *g e-g,, the liHiliyKanlhinc* inhibil the cn/yme 
tpho*phodLestefase| itui inacdvaich cAMP (Fig Mj. 
l "these drug^. Icrmcd phosphod ies-lerasc inhibitor, 
!' cause increase in cAMP ooocentr ti MH and u positive 
inormpie effect in heart muscle. They potentiiue 
inotropic act it ii y of ihe curwhnlamincs ■ 

RE:-SPIRaT<)R¥ EFFECTS, Epinephrine m a poteit 
bronchodilalnf as a result of relautkm of bronchial 

smooch muscle. This effect is panicularly prn- 
nounccd if bronchial muscle is e^mlnicicd by oilier 
drugs (e.g^ aeelylcholinc, hiscamine) or hy anaphy- 
lucioid or asthmatic conditions. Adrenergic receptors 
in hronchiolar muscle arc of Lhe (3, type, [sopro- 
i-creiiol is therefore a potent bronchJolar dilator, 

whereas exi^enou* iuiri F piiK ,, plLriiie Iijls Telalivcly less 

effect Epinephrine and uoprotemol have been used 

clinically 10 dilate bninchiolai passageways; duriilig 
episcwjes of allergic iwbom. As bninchodilaccvrs, 
however, seleotrve P, agonists such as terhutalme end 
ulbutacDol have advantages over coowuloul cale- 
cbohunlnea. The ft inner drugs relax, hruuchiolar 
smoolh muscle t|3j with less cardiac exciiaiory 
effects ip,E Lhan seen wilh cpi nephritic 
nisl) or isopreUcrcnol (p -p = agonist), as discussed 
later in this chapter 
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C3A5TR0!NTESTIMAL SYSTEM. Adrenergic drugs 
inhibit E^isirarttobial (Gl) mn ity in a manner similar 
to Ihrt seen upon stimulation of die sympathetic nerves. 
The frequency and amplitude of peristaltic eoiilraetions 
in the gut tie decKasd as a result of relaxation of the 
■nicsioiKi l smooth muscle. These effects are from icti- 
vatiufi ol P-sidjeiAetgBC receptors of the Miuxgh muscle 
cells. Adrenergic drugs also inhibit the function of 
excitatory piirasytnpflrtheiic nerves via a> effects. This 
action contribute a further to Gl quiescence. Isopro- 
lereuul. as a result of p effects, suits a rattier potent 
inhibitory effect on Gl smooth muscle. Gl sphincters 
are generally contracted by a-sympathomimciie 
agents, This u in basic agreement with, the overall 
slow ing down of Gl activity produced by sympathetic 
nerve simulation. 

Secretion of digestive juices is* also decreased by «■ 
sympathetic agents Although salivary glands are acti¬ 
vated in response to sympathetic activ ity, the saliva pro¬ 
duced h leant and viscous*, in. contrast to the profuse and 
wawry salivation seen with pajasympatheiic activity. 

Catecholamines can exert both an inhibitory and a 
stimulatory effect on secretion of insulin by ft cells of 
the pancreatic if tots. The facilitator) 1 effect is mediated! 
via p-receplor acthnion. the inhibitory effect via ct- 
RCejMor activation. The a-inhibitory effect is strongly 
predominant in vivo in most species. Since insulin is 
antagonistic to many uf the meUrixilii" actions of adren¬ 
ergic mediators {c.g., glueonteageriesis, hyper¬ 
glycemia). inhibition of insulin release by Ihe cate- 
cboLrunines reinforces their metabolic effects. 

Adrenergic drugs have no application as Cl 
inhibitory agents in clinical situilkmt, Cardiovascular 
effects are usually concurrently produced by dosages 
required to inhibit Gl function. Also, parasympathetic 
activity in the GE system can quickly override the 
depressant effects exhibited by most sympathomimetic 
drugs. 

UTERINE MUSCLE. Both a and p receptors are present 
in the uterus. Responses of uierine smooth muscle to 
catecholamines are quite variable, depending on 
species and stage of Ihe eslrou^ and gestaLinnaE cycles; 
e.g., in ihe cal. epinephrine relaxes the nongravid 
uterus but cimlraets the uLe rus during late pregnancy. Eri 
the rabbit, epinephrine contracts the gnr. id and noil- 
gravid uterus. In humans. epmeptinne contracts ihe 
pregnant or non pregnant uterus when examined in 

vitro. In situ- limweven response vary; epiK'iepHHlK 1 

may cause rel.isLUinai oi ihe uterus during lute preg¬ 
nancy. Isoproterenol usually exerts rclaxani effects- in 
userine muscle even Ln the presence of epinephrine- 
inducedi contraction. The prepuce of circulating hor¬ 
mones such as cMn*gen and progesterone modify 
responses of ihe iilerus to odw agents. Uliere is 
presently little clinical application afcalecholamines as 
effectors of uterine motility. However, selective p . ago¬ 
nists- I e.g. , Milhutamul. rin^drine) have been used in 
human obstetric* to relax. iIh- uterus and delay prema¬ 
ture labor. 


SPLEEN. Smooth muscle of Ihe splenic capsule h con¬ 
tracted by epinephrine and norepinephrine via tt 
effects. The size of the spleen decreuvtN and Wood is 
discharged into the circulation. This response is proba¬ 
bly functional in physiologic stuLc-s sudl as acute 
hypoxia, severe fear or rage, hemorrhage, or ocher ccwm- 
ditions chat elicit a generalized Klimt ion of the sytth 
palhnadrenal axis. 

The splenic effects of catecholamines a re easily and 
decisively demonstrable in dogs anesthetized w lib pen¬ 
tobarbital. Under these drcunistaiiees. the spleen is 
enlarged and engorged with blood. Injection of smell 
uttunti of norepinephriite of epinephrine into the 
splenic artery causes a pronounced eon tract inn of ihe 
spleen and a remarkable diminution of its size. Injec¬ 
tion of these agents directly under the splenic capsule 
causes intense localized contraction of the capsule. 
These effects arc associated with Oc ltceplur&. Kelii v 
ation of the splenic capsule via |i receptors also has 
been demonstrated, 

pilomotor .effects, NdfepidCphEiiK and epineph¬ 
rine cause cOriMrtion of pilotACtiQf musties; hairs 
become erect. This effect Is mediated by a receptors; it 
is often seen in animals during severe reaction to fear 
or rage. 

OCULAR EFFECTS. Mydriasis occurs Ln response to 
stimulation of the sympathetic innervation to the eye. 
IV administration at topical application of epinephrine 
or norepinephrine causes pupillary dilution via ft 
effects. Parasympathetic activity easily overrides 
adrenergic activity in the eye, however, and responses 
to adrenergic drugs may vary coiisideraWy, The nkti- 
tating membrane, or Lhird eyelid. i*. contracted by nor¬ 
epinephrine and epinephrines conjunctiva! and scleral 

blood vessels are constricted, Intraocular pressure may 
dttieiift slightly upon local inaillaskm eff epmephrinc^ 
this effect is useful in treating wide angle 

glaucoma. 

CENTRAL NERVOUS SYSTEM EFFECTS. Cato- 
cholamincs do not readily Cftfett the blood-brain harrier, 
Therefore, epinephrine und norepinephrine have little 
effect on die central nervous system (CNSjv Certain 
nona^lechdamiK adrenergic agents, like ampheta¬ 
mine. readily cross die Wood-brain barrier und elicit 
pronounced stimulation of the C NS, 

Ml I'AIitU.M.' l-.l-hi CT.S. C jCLH.hiil^riiiiiu'h cxcr\ hcversd 

rather striking effecLv on anabc.ilic and catabolic actlvi- 
tica In diiierent organs and tissues. En mammals, there 
is an overall calorc^eulc effect {iitafeaae life general 
meLabolism) axvociated w ith a 2 ff- 30 fll increase in uxy* 
gap eonstmapciLitfi. Glycvi^cnolysis occurs in the liver 
and skeleliil and cardiac muscles Ibllow ing exposure to 
epinephrine, norepmephnne, c»r isupn.KiereiMiL 1 here is. 
also an aocleolim of fatty acid mobilization and lac¬ 
tic acid formation. Accordingly, eofleentrations in die 

blood of glucose, free feicv acids, and lactic acid are 
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increased. The order of potency of catechol amines in 
eliciting these metabolic change varies on differed (is¬ 
sues yncl species. In gnml the glyoogeiiolysis effect 
in muscles and liver follows (he potency order of that 
associated with (3 receptor*. 

The meubolk activities of ctwcholinlrie;^ have 
been associated with alterations of tissue concentration 

of cAMP. In bepvfk: and muscle (issue, e.g., adnylyl 
cyclase activity is increased by caiceholam ine*. rebuff¬ 
ing in ait nekntod comenkm of ATP to cAMP. 
which in curi activates protein kinase A: the Latter 
accelerates cotwvrsioffi of ihe inactive phosphorylase 
enzyme <phosphorylyse hi to an active form (phnspho- 

rylasc a) (hat then catalyzes the catabolism of glycogen 
to glucose. .Similarly, (he catecholamines have been 
aswcnUled with change in Ihe relative activities of 

other protein kinases, Upuses, and plKisphofrucioki- 
tuaes by liKnesn in cAMP fuftnaikm. 

AbSCJKITHJM AMD BICJTRAM-SKORMATtOM, Epineph¬ 
rine and norepinephrine are no! absorbed (o any appre¬ 
ciable extern followi ng oral administration because of 
deduction wiihim the GI tract The liver rapidly inacti¬ 
vates by oxidhtive deamination and conjttgatton my 
norepinephrine nr epinephrine chat is absorhed into the 

poftai system. Isoproterenol is absorbed follow-jug oral 

or sublingual admlriiitration hui often in such an erratic 

manner m to be therapeutically noouscFul, Calc- 

ehnbmifkrs are readily jh^orhed from aerosolDcdJ 
sprays or after parcnlcral administration. Subcutaneous. 
(SC) dosages are more slowly absorbed than intramus¬ 
cular IIM) injections. 

injected norepinephrine and epinephrine are metab¬ 
olized by MAO mil COM! (catechol-O-nieLhyliranst- 

ferase) enzymes^ the inactive metabolites arc excreted 
in urine. A portion of (he O-meshylaied and deiminaied 
metabolites are conjugated prior to excretion. MAO 
and COMT are present in many tissues; breakdown of 
citechote mines do® not depend entirely upon the liver 
or kidney. Uptake of norepinephrine and epinephrine 
intoadreneigte neurons away fmm (heir active receptor 
sites, is an important pathway for termination of their 
pharmiDLologie activities (see C’hap- 5). This is demon¬ 
strated by injecting a drug lha( blocks the amine uptake 
pump, e.g., cocaine, which potentiates the pressor 
response to norepinephrine and epinephrine. Inhibition 
of MAO and COMT has little effect on responses in 
single injection* of catccholamincs. 

PRI-PARATIOMS. Epinephrine, USP, (tic free base., is 
obtained from adrenal medullary attracts of domestic 
Iann animals or is chemically syntlievized. It is a white 
or light brown crystalline powder that is relatively 
insoluble in wnter hut readily form the water-soluble 
sail epinephrine hydrochloride upon addition to dilute 
hydrochloric add. Sutulnns are unstable in alkaline 
mediums or upon exposure to light or heat and discolor 
to pink and eventually brown. Discokiralion indicates 
oxidation of epinephrine to an inactive form; such solu¬ 
tions should be discarded. 


Epintphriw USP. and Epmtphrint Svlu - 

firm, USP. are aqueous dilutions of epinephrine 
hydrochloride (Adrenalin hydiwhloridc) prepared in a 
I; 1000 (I mg/mL; 0.1%) solution; (hey are probably 

the most commonly used preparaticms of epinephrine. 

Tile former volution is sterile. Addition of small 

amounts of sodium bisulfite retards oxidative break¬ 
down of epinephrine. 

St frite Epintphrint Suspension, USP* is a sterile sua- 
pension of epinephrine, usually 2 mg/inL. in sesame or 
peanut oil for ]M injection only. This, product i* used 
w hen prolonged activity i& desired 
Epinephrine Riiartwtt, USP. is available in aerosol 

and ophih.ilmic solutions. 

Ntmpinephrine (temnermot) AjCo/fnUf, USP (f- 
nurepifwphriite birartrute), is a white crystalline powder 
(munohydrate salt) Lhat readily dissolves in waiter* 
Solutions tin pink upon eapwure io light, heat, or dr 
and should be discarded if discoloration occurs. 

Norepinephrine flrwiffercM*!) Bilartratt titfeciim, 
USP, i* A sterile aqueous solution usually containing 

0,2% (2 mg/mL) of the sal i (equivalent lo 0.1% or I 
mg/mLof norepinephrine base). Bisulfite is included to 
delay oxidation, 

Isupmieretm! ffydm?kloride t USP (Isuprel 

hydrixhtoride). is the w^er-soluMe bydroddmde sail. 

Solutions of (his compound also- oxidize w hen exposed 

to light or air. 

hopmi-trvttoi HydmchJarid* Itijecmm, USP, is a 
sterile aqueous solution of isoproterenol hydrochloride 
for parenteral injection. Available preparations usually 
contain 0.2 mg/mL (G.02%). 

ixopmtrrvm*i fJydnxhtoridf Tahlffs, USP. are iVinJ- 

aMe i n 10 mg and 15 mg sizesu 
CUM9CAL Usi 

WITH LOCAL ANESTHETICS. Epinephrine is 

commonly umclI in concentrations of 1:: IOOLOOD to 

1;20.000 in local ane-sihetie solutions. It causes 
pronounced local vasoconstriction and thereby 
localizes the action and delays (he absorption of the 
inlillerable anesthetic, Since norepinephrine is a less 
potent a agonist Lhan epiaephnne, it is infrequenlly 
used in bocal uneulMic soltiLtons*. 

I-OCAI. HFA40STATIC. VasocLunstrictor effects of epi¬ 
nephrine ( LlW.OOff lo 1:2fMKK) solution) may be used 
to control superficial bleeding of mucosal and SC sur¬ 
faces hy applieaticm of moistened gau/c sp*ingcx or by 
bktdsoI sprayed directly onto the damaged region, tipi- 

nephrine solutions have been used topically during 
ophthalmic surgery to control hemorrhage, Epixtaxis 
and dental exiraclkms are other indkat ions- Fpinepti- 
rjne is effective only agaiitsl heimirrhiige from capallar- 
ies 4iud aneriole* and should mu be reed in aJtempts to 

conirol blccLling from larger vessels. Although smooth 
muscle of large vessels conlracb in response to a manes, 
this dice! is hy nu means sufficient (o occlude the 
lurtKU. Dining suigcn/p uipdeuL application of cpineph- 
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fine should lie considered only a* a temporary aid For 
cocalna(liD| bleeding Ho assist in visualization of the 
operative field. Serious Weeding may well nxur subse¬ 
quent to termination of activity of Lhis catecholamine if 

routine ligytiml of blond is disregarded. 

mwiWSKM. Pressor amines are often used to main¬ 
tain blood pressure during spinal surgery, and epineph¬ 
rine te quite effective in treexing hypotenrisan associated 

with anaphylactic Me. The peripheral vasneonslric- 
tOff effects of norepinephrine, epinephrine, and other 
adrenergic drugs have also been used in attempts to 

treat and! prevent hypotension occurring during other 
shock syndic nms, However, blood pressure deration 

due to periphery] vasoconsirietion is not an adequate 
substitution for correcting serious underlying problems 
such as hypovolemia, undetected hemorrhage, and 
electrolyte and fluid imhalances. Some shock states arc 
characterized by peripheral vasoconstriction secondary 
to a generalized sympathoadrenal discharge. Under 
such circumstances, administration of epinephrine or 
norepinephrine may serve to compound life* problem by 
causing further intensification of vasoconslriclion in 

vital areas (e.g„, splanchnic and rend vascular bah} 
(Attains and Parker 1979),, In some cases, ihc mm 

opposite effect (blockade of ti-adrenergic receptors I 
has been proposed as a treatment an shock. These fac¬ 
tors shiKild always be considered when use of sympa- 

ihorflinKlic amines during shock therapy is considered. 

In shock cases characterized by loss of vascular lone, 
use of pressor amines has been suggested. Also, 
reestablishment of normal blood volume in some shock 
patients does not seem to correes the vaseular compli¬ 
cation s, and blood pressure remains seriously 
depressed. Pressor agents may be of some use. Norep¬ 
inephrine has been used wider these dreumautecc*. 
Usually, a 4 rnL vial of 0. 2% norepinephrine tritartraAe 
(0,1% of free norepinephrine base; I ing/mL) is added 

to I L of sterile isotonic saline solution or 5%- dextrose 
miIuebihi, which give* a final concentration of norepi¬ 
nephrine base of 4 jag/ml. of solution. This solution \s 
slowly infused intravenously until blood pressure is 
ituuntiurtcd somewhat lower than normal.. Usually, an 

inhttfaa rate of 0,1 -0.1 pgAig/min proves effective: 

however, administration should he io effect, The pres¬ 
sor response to norepinephrine can be readily con¬ 
trolled since it disappears- within 1 or 2 minute* after 
stopping the infusion. Blood pressure should be closely 

niliinV.ilud during [ho inlusion process. An uli^inpl 

should always be made to closely muiiLlor cardiovascu¬ 
lar Junction during 1 real merit with any of the cate¬ 
cholamines. Isoproterenol has been used m some low- 
cardiac output stages of shock. Soffli et al. (1974) rec - 
orrtitteml a slow I V ieftision of a 0.1 -0.2 pg/ML solu¬ 
tion of iscpprotewwl. 

CARDIAC EH-ULTS, Catecholamines are indicated in 
treatment of ctirtaun cardiac disorders: cardiac: arrest, 
partial or complete airioventriciilai 1 (AV) block. and 

Stokes-Adams syndrome (Adams 1Q8|), Wiih cardiac 


arrest, an attempt Ls Him made to restore heartbeat by 
mechanical means such as a precortlial blow, electrical 
shock, or eMemal cardiac massage. If the heart ‘-Carls 
contracting. isopmtereiwl or epinephrine can be given 
by slow tV drip hi iiiaii 11 ai.il heart laic and Culdiite out¬ 
put after circulation is restored. Cure should he taken 
with IV infusion, since epinephrine may precipitate 
ventricular fibrillation if preftbri Malory rhythm \s pre¬ 
sented. 

IF asystole persists, norepinephrine, epinephrine 
(0 5-1.0 naL of a l: 1EMK3N1 solution; i.c.. 50-100 ||g), or 
isoproterenol (20-40 pgj may be administered directly 
into (he left ventricular chamber in an attempt to restore 
contraction, Larger doses may be required in some 

instances. The heart should then he massaged to ensure 
circulation of the catecholamine through the coronary 
vasculature. Peripheral circulation should be main¬ 
tained by cardiac massage until myocardial contraction 
is restored. 

Jsupn.Herenol is used fur Healing heart Mock. Com¬ 
plete AV heart block in a dug was treated with 0.05 mg 
(apprvwi mutely 3.5 (igflig) of isoproterenol adminis¬ 
tered inLraventHusly: the heart rate increased almost 
immediately from 44 bcats/millute to 68 bcat^miuute 
(BuchaiUfl ci at. I Witt), Because of its potency, isopro¬ 
terenol should be administered by slow IV inlusion 
rather than rapid bolus injection. Slow IV drip of a 
diluate solution can be instituted until the heart rate h 
maintained ui HtMlX! buai.s/miiiuEe, Thereafter, 1M 
injections of 0. 1 -0.2 mg isoproterenol every 4 hours 
may prove effective. Isoproterenol tablets (15*30 mg) 
have been given every 4 hours; however, patients 
should be closely monilored because absorption after 
oral admmiMrulion erratic.. Buchanan el al. (1968) 
found dial orally administered isoproterenol (30 mg 

twice daily) wu ineffective in treating complete AV 

Mock in a dog. Ellingcr (I9M) infused isoproterenol (5 
pgftnL in dexirae and water) iniravenoualy at a rate 
(usually 1 mUminute) sufTteient to maintain the ven¬ 
tricular rate at SO/iinule, iMJpnoterenol w s as then 

administered subcutaneously every 6 hours ai ihe dose 
of (12 mg. Oral administration of an isoproterenol 
tablet (30 mg I every b hours w ax prescribed fur several 

meta Catodiolamines should not be used in the pres¬ 
ence of acute w chronic heart failure. These agents 

decrease efficiency of myocardial contraction by 
increasing oxygen demands of the heart muscle and 
compound the heart failure syndrome. 

ANAPHYLACTIC AND ALLERGIC REAfTONS. Epi¬ 
nephrine is extremely effective and often lifesaving in 
treatment of acute anaphylactic shock. It. quickly 
reverses the precipitous fall in blood pressure and car¬ 
diac irregularities associated with ibis type of syn¬ 
drome., Histamine-like constriction of brooch tolar 

smooth mu>cIcn occurs during jmaphytaxia: ihe&e 
effects are rapidly antagonized by epinephrine. Bron- 
chioEar passageways are dilated by epinephrine u a 
result of relaxation of Lhe smooth muscle, and dysp¬ 
nea is quickly counteracted. Care should he taken that 
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allergic signs do not r«ur aKicr epinephrine activity 

has. tenreoited 

BRCNCTILAL ASTHMA. IsttpDlCRIHl and cpblcphrilBiC 

have been useful, few providing irnmduJc relief from 
bronchial asthma.. These agentactivate the p recep- 
tLws of lk bronchial smooth muscle celts, causing 
relaxation and prompt relief by diluting! the airways. 
Norepinephrine is ineffective in dilating pas^iigeways 
even thgugli it. may transiently deereu.se mucosal eofi- 
geslion by constricting mucosal blood vessels. For sys¬ 
temic relief from allergic and anaphylactoid reactions, 
epinephrine tun he administered sukuluMOusly cw 

intramuscularly, hcciiu.se with these route effetiive 

Mood levels are quickly achieved. However,, if iL patient 
is presented in hue stages of anaphylactic stuck or 

other similar SilV-thre-iitening situations, IV administra¬ 
tion may he required, 

In large domestic animals (autle. bone) 44 mg 
epinephrine can be given intramuscularly or subcuta* 
neoufjy by inject ion off 4-8 mL of a 1: ] 000 dilution of 
epinephrine solilofir Sheep and swine may he admin¬ 
istered 1-3 mL off the 1:1000 dilution. Dogs and cats 
arc usually given 1-5 mL of a 1:10,000 (0.1 mg/mL) 
dilut ion. &med on a body weight range of approxi¬ 
mately 5-25 kg. this represents a dosage schedule of 
approximately 20 pg/kg. A don this large should he 

administered only by IM or SC injection. Response of 
animals to adrenergic drugs may vary considerably; 
therefore, repeal injections, or somewhat larger doses 

may he required in some cases. If IV administration h 
neoesury, one should proceed cauticusJy and give m 
more than 0.25-0.5 pig/kg, In experimental animals. 1- 
2 jag/kg epinephrine or inweptncphriiic administered by 
IV bolus injection causes a pronounced increase in car- 
dicKvascukir activity, imd even slightly linger doses may 
well bad to seni.ms arrhythniiiLs. Selective ji, agonists 
(e.g., lerbutaline, mcLapnottOTool) may supplant epi¬ 
nephrine and isoproiereDoh as hrtmchodklaloirs (see $ t - 

hdevcive hronch^fllaLiirvK 

ToxiOTY. As implied in the preceding discussion, tox¬ 
icity of the catecholamines is usually characterized by 
untoward HudiuvaxculiJtr responses. In portkiib. car¬ 
diac dysjhylhmias such m tachycardia and even final 
ventricular fibrillation may occur foil wing Hudverant 
overetosage, HypcrthyrMd conditions, thyroid therapy, 

digitalis ihempy, h^ngesiaied hydrocarbon anesthetics, 
and tonborhitiftiLftcs predispose a paLienl to the myocar¬ 
dial toxicity of caiecholamines. The influence of anes¬ 
thetics on the airily Lh n k igen icily of catechqLami:ncs is 
hclicved to he due to M:n-,il i/at ion of the heart muscle. 
Mytx:ardial sensitization to catecholamines is evoked 
by Lrichlorcthylene. ethyl chloride, cyclopropane, 
halnihane, chloroform.. melhosyflurane, and lluroxene 
(listed in order of damdflg cflSfitt) t Rut/ mid Katz 

1966k TliNihtiri^i,iurates increase the incidence of epi¬ 
nephrine- andl ncKcpimphrinc-induecd arrhythmias in 
chlorofiinni-anevLheti/.cd dogs {Oahom and 

Szabuniewicz 1973; Wtefsteei al. 1974 k 


Hypertensive crises occur from norepinephrine or 
epinephrine dverdkisuge: cerebral vascular accidents 
and ruptured aneurysms may result. TTk letter repre- 
scuts a potential problem in horses because of a fairly 
common incidence of undiagnnxcd verminous 
aneurysms, l.argc or repealed dosages of epinephrine 
and isopmlereiKil have been associated with myocar¬ 
dial ischemia and necrosis; these effects are prevented 
by fi-blocking agents. Local necrosis and sloughing of 

time may occur at injection elites became of intensive 

vasoconstriction and resulting ischemia. 

In short, the catecholamines are extremely poteni 
agents: under no cimimstances should they he consid¬ 
ered innocuous, 1 IxTapeutic use of these drugs should 
always be carefully monitoted by a trained individual 
familiar with their indications, limitutkms, and loxkilks. 


Dopami m, Dopant ine (3 ,,4-dihy drmy phony loth - 
ylamiftei was thought to he important only m the 
immediate precursor to norepinephrine* Dopurnine 
itself is now known to have important physiologic 
functions in mammalian species and is receiving alien* 
titnl in certain clinical circumstances in humans (Cac- 
tavdli et al. 1992). Parkinson's disease, e.g., has been 
related to decreased ctoKentration* of dupumiite m the 
haul ganglia, and treatment with Wtop* has proved 
effective in controlling motor disorders in some 
Parkinsonism patients. f-Dopa crosses die blond-brain 
harrier (dopamine does tanc in significant quantities) 
and is decftriso&yltfBd to dopamine. 

Experimental hcitiodynamie studia indicate ihal 
dopamine also has use as a selective cardiosmuluj 
agent, In anesthetized dogs. IV injection of 1-9 ttg/kg 
dopamine induces a slight depressor response associ¬ 
ated with a decrease in total peripheral resistance, a 
decrease in renal vascular resistance, an increase in 


renal blood How. and an increase in cardiac dutpuL 
Large amounts, 9-81 |ig/kg. produce pressor responses 
and a more pronounced increase in myocardial con- 
iraeiile force (Seller et al. 1975). Cardiovascular effeech 

of dopamine depend m activation of different types of 

catechoLami riLTg ic receptors. The pressor response is 
blocked by an ft blocker (c.j., phenc^xyben/amine), 
and the cardiac stimulUOiy elfecls are Mocked by a () 

blocker (e.g., propranolol). Piin of (lie myocaidial 
effects of dopamine are thought to he indirect end 
mediated by release- of norepinephrine from cen±ac 

sympathetic nerves (Fig. 6.5). 

"I"hc depressor effects of dopamine are not blocked 
by a p blocker hut are blocked by haloperidnl. Because 
the latter drug is a dopamine antagonist in the brain, it 
has been proposed that there are specific dopamine 
rceepcors in certain vascular beds (Goldberg and Rajfex 
19H5). The dopaminc-rapcmflive or dopaminergic 
receptors of s-mutar beds can be considered u fifth 
adrcncTgic receptor subtype. Although the physiologic 
purpose of the vascular dopamine receptors, is 
unknown, this reeeptof type is impoitunc 8o clinical 
pharmacology because it subserves va.vodtlalory 
respon&es in the renat. visceral, coronary, and cerebral 
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Selective vasodilation of remil and splanchnic beds 
by dOfxaiiiirK has prompted use of ibis agent in clinical 
oasts of cardiovascular dysfunction. The optimal dose 
range of dopamine for selective vasodilation iimJ ciir- 
duc stimulation in dogs is about I - BO pg/kg/iiiiii 
admiftisitred by IV infusion; higher duse> run the risk 
of a-Visocnnslriclor effects ow ing to loss of dtise- 
dependent dopamine receptor selectivity (Fig. 6.5). 
One study indicated that dopamine (about 5 
JigAg/min) was effective in terminating advanced AV 

heart bkx:fc in 4 ill fools, that were refractory to atropine 
l Whitlon and Trim 1985). 

Dopamine receptors of vascular smuoLh muscle arc 
categorized as dopamine (DA ) ¥ and Lhe inhibitory 
dopamine receptors of penphcral sympathetic meufOns 

are DA, subtype (Goldberg and Kujfcr I9&5). The rele¬ 
vance of this iRimenciaLure lo cardiovascular therapeu¬ 
tics in veterinary medicine remains to be established. 
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nci. 6,5—CardiwasycLdar activities of dopamine. CA) 
PnjMMmiiii? increases hear! rale nad mynturduil coniraailiiy 
by directly Activating ft, adjenoecplors and re teasing non- 
roaal stores of endogenous norepinephrine (WE): shtre activ¬ 
ities are Wivked by cite (L-blockiug agem preprartulEil. (K) 
Depsimine in Large dore* ueiivafcs a udruniK-upkws. of bbnnd 
vends, resulting an viiM^mslridlMin uml a pres^rr rwpuHfiC, 
This ip blocked by Lhe u-Woeking agent phenfioUiniae. tC> 
Dopamine in low 5 doses can selectively dilate nstierweeie sod 
renal arterial beds l and perhaps cerebral aitd eurttnary arte¬ 
rial beds} by acbViiltGai of dapajiiinr-rroptHiM! tilufiainini.T 
giO iroepkws. It is not blocked by an a- or p-bludtmg ageni 
but is blocked by die CMS dteparekne jjimguiuj lulupcrwUil 
(Adams and Iniftcr tU79). 


beds, Dopaimne activates these receptors rather selec¬ 
tively. whereas nlher catecholamines have unimportant 
agonist activity at rhesL- ste. 

Dopamine causes ctecrea^d vascular resistance and 
increased hfcood flow to the kidneys and mesenteric cir¬ 
culation concurrent with myocardial Miltltilfeticm This 
particular aspect may be m advantage over conven¬ 
tional catecholamines in treatment of shock, because 
nurepimepiirine and epinephrine markedly eoostriev 
renal and mewmlenc arteries as a result of ti-reeeptor 
effects* ;uid because isoproterenol has little effect on 
resistance in these regions owing io a relat ive lack of |3- 
viLscular receptors in these tiroes (Adams and Parker 

19m 


DolputaniMifr Dnbutiiiriirie hydrochloride {Dobtrtrex) 
is a synthetic catecholamine ihai evokes a positive 
inotropic in the heart, hqmtaiilly, dohuta- 

minc elicits this activity via an activation ref (1, recep¬ 
tors subserving increased myocardial contractility, with 
Less activity at jj, receplon, subserving chronotiopk 
effects and p. receptors subserv ing peripheral vasodila- 
Lion. I liii ^ compound was fbrmuLaled and synthesized 

by Tuttle and Mills (1975} in a search for agents that 
would selectively increase cardiac contractility w iihotU 

affecting Iwarl raw. cardiac rhyLbmicfly* or Wood |*res- 
sure. The net cardiovatcutej' response to dobutaminc 
actolly crempifises different effects i>f its sterioisomeni 

b& well as important reflex adjustments (Swanson et ul, 

I9«5j e , 


Pcileiitiiil advantages of dobutaminc over conven¬ 
tional catecholamines relates to the relative multiplicity 
of actions of lhe latter agents. Isxjprolerenol, for 
instance, is the mnsi powerful iivntropic eaiCL hrelamiue 
presently available; however, it usually produces this 
ellect accompanied by excessive tachycardia, which 
suhshiltLally increases myccardiul oxygen demands. 
The positive inotropic miivity ref tiorepiaephrinr is lim¬ 
ited hy peripheral vasoconstriction and, herw:e s 
increased after Load and cardiac workload. Also, the 
Lachyarrhythmogenic pmcniial For isopmiereind, nor¬ 
epinephrine. epinephrine, and even dopamine is an 
important OOntkknlkHL CHibuLamine, because of its 
relative iru^ropic cardireselecDivicy, may therefore have 
advantages over other adrenergic amines m the tlwrapy 

of low-output cardiac falhue. 

The hcmredynaniiics of tfchutijmiftc were studied in 
do£* by Hinds and Hawilfcorne (1975) and WMkrsofi et 

al. (1976). Dnbuiaminc produces a dose-related 

increase in myocardial] contractilaty, velocity of myo- 
cardhal fiber shortening, ejection fraction, and stfLike 
wrerk. Iinptjrtaiilly. these increments, in cardiac ccmtrac- 
lility occur witlwiut changes in venukukr preload or 
heart rate When dobutamine is infused in dmes of 


5-2fl |l|A(|Arin; cardiac output increases mid totail 

peripheral resistance is slightly decreased. After 
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cantkmucilir fund ion were unproved by dobutamne 
infusaivn |!> |ig/kgAnin); an increase in ^uil>iyi:li icily lw 
arrtiythimi wa* nat Selected (Eyitoret id. I975) r 
In dugs wirh Willersiw. ec 

ill. (I97fr) found increased ST-s^gmcfti c l.n:i■ m during 
infusion of dc«bu tannine after coronary artery ligation: 
heart raLe alxL> increased underlhe*e condition*. Tachy¬ 
cardia, arrhythmia, and hhniri pressure changes arc 
likely if optimal dercage level* arc exceeded. More 
information is needed about (he cardiac and hemody¬ 
namic actions of dubulaiiiiile. particularly in different 
Specie* and under clinical conditions. However; dobtU- 

wine i* an important adrenergic agent became of iK 
relniiire iootmpK cwfrHefcctiviYy when the desired 

goal of thcnipy is. Us improve ventricular fanctipp by 
direct Lnolropie stimulation (I jnch cl id. l97T|r 

NQNCAffECHOLAMINKSb Although Uuc 3 ^dihy- 

droxybenzenc structure yields maximum potency, many 
drags lacking (he catechol ouckus have pnned totedinr 
icily useful, .^s wtih (he ctieduiiniDa, the end effeett 
of time drop are mediated: by the adrenergic mapnoriof 
clfccLur cells. However, die nwchwiiwi of obtaining 
receptor activation varies considerably from oik dmg to 
another. Surged sycn|sa[hrtic dnemtlai ubulishrs ur 
markedly reduces (he effects of some ageuLs (vg.« lyra- 
mine. an es peri menial syanpalhutmunetU: amine} but dues 
DOt reduce effects of epineptirine. RfiKfpkK causes a 
functional symprihectoiny fry depleting adrenergic neu¬ 
ron* of flek stores of mirepinephrine. Pretratmert with 
reserpine markedly decrease* ihe response to tynaiH 
bo I. does not decrease eflbctt of epinephrine. An tie-block-* 


ing agent, taowMC prevent! effects of tyvunl&e, epi¬ 
nephrine.. and m^itwphrine. These finding* indicate 
rhai ty famine acis prexyn^piteslly to esuse & release of 
cndL^enott* mwpincphriiK from the nerve, which in lum 

ads i nil pL^ijuihccional reuc-pini*. Bused cm iype.s of 

finding*, adrenergic drugs can he classified jiuo ihrce 

groups: dlrecE-arting (effects not decreased by denerva¬ 
tion h mixed-action (effects partially reduced by tlcncrva- 
Etnnh and indirect-acting i effect* iruirkcdly reduced by 
dencrvalion) (Fig, 6u6)t 

Lkzspitc these complex interrelationship*. the periph¬ 
eral effects of adrenergic drugs can be explained by 
Acdvukrix whether direct or Indirect of the a imdtaf (J 

ncepton Therefore, effects of these drug* can be com¬ 
plied whin ihe previously disemsed phumacologlc 

effects of the direcl-aeling agent* norepinephrine, epi¬ 
nephrine, and isoproterenol, 

fc]plicdlrmc a Uphedrint'. USF, we originally Uolned 
(nor d the Chinese shrub Mi /uun^ tEphtrdru j bus is 
now chemically synthesized. The natural product has 
huen uwd in orfeuil medicine for eerUuriex and was 
innwhACCd into modem therapeuLio during Lhe l^lOs 
(Chen and Sduudt 193(1). The tirptfure of ephciitine 
and related piutfucolpgic effects are shnwn in Table 
6.L The lew isumer in Lhe moci ttlive fomi of Lhis 
cuilipiuhriH. Eplhdrine eurt£ its sympuLhominielic 
effects by d-iieii activation of adrenergic receptors and 
release of endugenuus norepinephrine. 

Pharmach owe Effects 

CARDIOVASCULAR. IV adminiscralion of ephedrine 
products hemodynamic changes similar to those 
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caused by bolus injection uf epinephrine. Systolic and 
diastolic bluod pressures increase, myocardial 
coni™:tile force increases. heart rale increases if vagal 
itffcjusp arc blocked, and cardiac output increase* if 
venous return is adequate, VlBfflociliftliictkni occurs in 

kidney, mesenteric,, and cutaneous circulation*.: blood 

flow co these regions decreases. Blood flow may 
increase, however, through caroftaiy, cerebral, and 
skeletal muscle vascular bexl$. Ephedrine is many limes 
less potent a pressor agent than epinephrine, but ha 
cflccis last 7-10 times longer Cardiovascular effects 
are obtained after oral administration of epticdnne, 
whereas epinephrine is inuctive if given by mouth. 

In contrast to epinephrine and norep;inephrme, 
repealed injections of cphwIniK evoke progressively 
smaller pressur responses in intact animals, This coral i- 

11041 . tachyphylaxis is pmhtjWy dependent upon differ¬ 
ent factors, First, because ephedrine causes a release of 
endogenous amines,, stores of norepinephrine may 
eventually he depleted, so less and less is available for 

release. The long duration of action of ephednne may 
also contribute to development of tachyphylaxis. Dur¬ 
ing Long courses of cardiovascular stimulation, reties, 
mechanisms attempt to return hemodynamic function 
toward normal. IMood pressure may return to some¬ 
what normal values,, although ephednne. because of its 

delayed elimination, is still present at receptor sites- 
Repeated injection* therefore prove less effective if 
occupation of the receptors by prior administration of 

ephednne Mil] exists-. 

CENTRAL. NERVOUS SYSTEM. Ephedrinc is a CHS 
stirriulunt. Il stimulate^ corticomedullary regions and, 
ill large doses, causes excitement. apparent anxiety, and 

muscular tremors. Respiratory centers of ihe medulla 
oblongata are activated by appropriate doses of 
ephedrine. This effect hflfi been used clinically to 
reverse respiratory depression, pajtk.ii tarty if respira¬ 
tory problem* are miad with barbiturate over- 
dosage. Ephedrinc is infrequently used for this purpose 

now, since other central stimulanlA have proved more 
effective or more reliable. Other adrenergic drug> Mich 
as amphetamine stimulate the CNS to a greater extent 

thin ephedfliK. 

OCULAR. Mydriasis occurs after local nr systemic 
administration of ephedrine as a result of active stimu¬ 
lation of the radial muscle of the iris. A 10% solution 
has. been used lo enlarge the pupillary space Id facilitate 
ophthalmic examination. 

BVHJNCtftAL SMUCTH MUSCLE. Ephedrine is effective 
in causing relaxation of bronchial smooth muscle and 
increasing the diameter of bronchiolar pauaageways^ 
these effects are believed to be due to direct activation 
of p receptors. 

Cu'MCAS USE. £$$ 01 ™? tfydfuchiariiiE t USE. is 
used! rarely in veterinary medicine, ll offers no particu¬ 
lar advantage over epinephrine except that its duration 


of action re longer and il is effective when given orally. 
Indications for use of an adrenergic drug in veterinary 

medicine usually require an immediate response, 
which can often best be obtained with injection of epi¬ 
nephrine. 

The prolonged duration of Ihe pressor effect of 

ephedrine may be of some benefit in maintaining blood 
pressure wirthort having Id resort to repealed injection 
or constant perfusion with a catecholamine. Use of 10- 
2S3 mg. ephedrine administered by IV or IM injection 
has been advocated for pressor effects in dogs I Soma et 
ol. W4). 

Ephedrine solution. 1-1.5%, can be applied topicall y 
onto congested mucosal membranes to evoke vaMjeon- 
slrktion and decongesliim Ephedrine is effective in 
reducing allergic response but the onset of iwtion is 
slower than with epinephrine, Ephedrine is sometimes 
included in cough MUppressant preparations for relief 
from bronchiolar congestion and vascular constriction. 

Amphetamine. Amphemmitt* Sulfate, USR or |1- 
phenylisopropylyminc, induces pronounced stimula- 
lion of Lhe CNS as well as causing marked peripheral «t 
and \\ effects. A considerable portinn of the pharmaco¬ 
logic effects of amphetamine is due to release of 
endogenous norepinephrine. Cardiovascular effccLs of 
amphetamine are somewhat similar to those produced 
by ephedrine. An increase of systolic and diastolic 
blood pressures is observed, Heari rate is reftenly 
flowed and cardiac output is not affected to any uppre- 
ciahle extent. Cardiovascular effects are observed after 
the drug is given by the oral mule. The /-isomer is a 
somewhat more active pressor agent than lhe rf-bonier. 
The chemical structure of amphetamine is shown m 
Table &I. 

Amphetamine is active if given by mouth: CMS 
effects persist for several hours. The entire CNS is 
affected, but effects on lhe cerebrum are most cvidcnl 
in humans: increased alertness, loss of fatigue, eupho¬ 
ria, ajid a sense of cx.hiluratn.tfi. The performance of 
athletes is i najwm-ed; this is attributed! H> improvement 

of activities requiring mental and physical cwrdifia- 

lion. After effects of amphetamine have dissipated, pro¬ 
nounced depression may occur. In humans ampheta¬ 
mine is most often used in Creatine nl of 
neuropsyehiaiifie dhdflkut such as mild but chronic 
depression,. narcolepsy, afeoltolrsril, and in mjIB# cases 
of hyperkiiftcsks in children. 

Amphetamine is no longer available for use in vet¬ 
erinary medicine in the USA and it subject to strict 
control under the 1970 Controlled Substances Act, 

Prior Lu the strict control of amphetamine il was used in 
veterinary therapeutics for its siireiutalory effects on the 
respiratory centers in the medulla oblongata. The entire 
Cerebrospinal axis is affected, but particularly the brain 

stem and cones. The rf-kumer. dexiro-amphctaiiruiie; is 
the most centrally active. It* analeptic potency is simi¬ 
lar to that of penlamcihyleneletra/.ol. Amphetamine 
increases both the rate and JepLh of inspiration in anes¬ 
thetized animal*. It was used intravenously (4-4.5 



righted materi 




lift f .S'rtTii'jw 2 f EftUOi AH1NOOK TH8 AUIWMC AND JDfcWTIC ICRWVSSYJTBIS 


Og/ly) in the dog to OVHDOUK re sip L ra C lh^.* depressant 
effects of bartiLLuRJlfi cmricitt, 

Phenylephrine, Mmy&ptoibre USP 

(NH-SyrHphrifKX is similar in sUueturc to epinephrine 
except dial it lacks the 4-OH group on the benzene ring; 
the chemical structure .and pharmacologic characteristics 
nfphenylephrine are shown in Table ft.I, Phenylephrine 
is a direct-acting sympathomimetic amine at u, recep¬ 
tors and does not depend upon release of endogenous 
nrHrepLraephrine few its dfcOL Similar to norepinephrine, 
phenylephrine causes peripheral YBSOCHHtlktffll) by 
direct uclivaliiHi of ft, M&q n urt of Hood vessels. How¬ 
ever. dissimilar lo norepinephrine, il has very liLlle effect 
at cardiac p receptors. Systolic and diastolic blood pres¬ 
sures me increased hy phenylephrine: reflex bradycardia 
usually occurs- Tht pirdtelaHc reflex-mediated slowing 
ol the beam rule by phenylephrine has led Lo use of ibis 
agent in human patients Lo control episodes of paruxys- 
mul atnal tachycardia. 

Phenylephrine is a less pulenl pressor agent than 
norepinephrine but ha* a longer duration of actum The 
IV dOK rpf dogs is HUBS ing/lcg; approximately 1 twice 
this amount should he given if administered by Lhe SC 
nr I’M route, 

Mfe'lhn^imiiii 1 and MeLaraminnl. The chemical 
Kcrticturc of Aftthwcamint HydttKhkuide, USP 
iVasoxylk is fl-hydroxy-p-ll.^-dimcIho-xyplM^ftylhfcKLV 
pfopyLamine. The chemical structure and related phar- 
■Bolopc effects of Meummiwl Ristinnue, , USP 
lAramineh are included in Tahle tS.! [.ike phenyle¬ 
phrine, these drug.* act almost exclusively m direct-act¬ 
ing symptlhtMOlrertc mhIikc ul peripheral n receptors. 
They have minimal detectable myocardial stimulaLtiry 
properties. Their pressor effect* on systolic and dias¬ 
tolic hlutKl pressures can be explained by peripheral 
woeonskrietkn and increased peripheral rflbtinrf 
Reflex bradycardia usually results. Those drugs are 
used as pressor agenls. After IV mjeclion. lhe presst* 
mp o BB to neUnunilK owm rapidly and may per¬ 
sist fur I lkHir. With IM idmiiulntiML IS minutes is 
usually required firr ihe pstur response Lo take effect 
and II usually lasts 1-1.5 hours.. 


ftj-SELECTIY'E AGONISTS. The CSS contains a, 
receptors on neurons involved in control of bknd pres¬ 
sure and heart rate. CNS a J receptor* iho ma Mlto 
CNS perception of pain as well as levels of sedaLion. 
Activation of CNS re v receptors by cr, agonists can 
lower systemic blood picture, explaining their mle as 
iiritihypcrlenxivc agents in human medicine. In veteri¬ 
nary medicine, ft. agonists are used for their M'dative 
and analgesic pntperties. thereby gaming chemical 
restraint and relief from pain. 


^-SELECTIVE BRONCHODILATOKS, The 

mgmnsi elTeeis of isoproterenol have been used suc¬ 


cessfully to improve* airway dillHtH -and conduc¬ 
tance in obstructive pulmonary disorders such as 
bronchitis* emphysema,, and Ulhfflltic-like syn¬ 
droms. Became of cquipotenl ff, activity, however, 

cardiac excitation mid taehydysrhyilimias represent 
limiting, side effects of isoproterenol when only p,- 
bronehodilator action is sought. Similar limitations 
apply to epinephrine, although it is \LiEI the drug, of 
choice for 1 renting: rate anaphylaxis when a combi¬ 
nation of p, bninchodilsiUon. .5 -cardiac stimulation, 
and ft vasoconsLriction is needed. Cardiac side effect! 


with epinephniie or (BOpTDtettAOl can develop after 
any route of administration but are mure pronounced 
after parenteral injection than wilh aerosol inhalation, 
hor these reasons, Lonsiderable effort has been 
expended m Lhe development of dregs with mure 
selective (i. Activity and therefore Less propensity for 
fi,-cardiac excitation. 

MetaproLeireni>l. isuetharine. terbulaline. ulbutsmol. 
pirbuterul. and denhutcTcd are new drugs [hat meel lhe 
requirements for high [i,- and relatively less (^-agonist 

Udivity. Indued, dtetC drugs- jinr generally clussiliucl as 

p .-selective hronchtidilaEnfS- Mosl of these compounds 
are absorbed alter oral administration and have pro¬ 
longed duration of broflchHfilatiof setkm, other distinct 
advantages ovh the short-lived resp«K lo isnpncv- 
rerenol and epinephrine. 

Ocnbulcrel was shown lo improve airway conduc¬ 
tance in hearses for several hours after a single IV injec¬ 
tion al a dose of 0.3 ug/kc: heart rale increased dra¬ 
matical ly but for less than 2 minutes [Shapland et al. 
l9Sl)r The brief sachycardia may have been rellexly 
mediated due to transient p, vasodUatkin and hypolen- 
sion. Unanticipalcd blood pressure responses may 
Ihcrefnfe represent a concern alter systemic udmmis- 
tralion of (i, brnnehodilalorv BIch-hJ pressure changes 

should he less prowHuml after Jiero^it inhalAdoc 

However, ualowanl side effects, including |i,-cardiac 

stimulatioft, can be expected with any route of adralik- 
btntidft if optimal dosage nofu of the |i. bron- 

ehodilalors arc exceeded. 

Palicnts often become refractory lo bronehndilacnr 
eil'ecLs of Aditoevgk igAoitu during long-term (her- 

apy. and this m Wieved i® reflect H dcwB-regulitim n 

or agonesf-induced km of Lhe |f , -pulim>nary receptor 

populiuiim. A,n itonative Approach involves oofih 

cunttlant iidrnliliBtntiofl of a fflethyliindlint, such as 
aminophyllinc, along with the \i, agonist. Meihylxan- 
ihines inhibit Lhe inlraeellular enzyme known as 

phcksphodie^Lerase. This enzyme is responsible for the 

metabolism of cA MB, which is Lhe khinccUulAT srie*- 
senger for p-receptor activation ami nrediltes lhe 
resulling cellular reaction* that culmkule in hmn- 
chodUadotL Because Lhe results of fi-receptor simu¬ 
lation are mediated through an increase in eAVIF syn¬ 
thesis and because methyl xanthines inhibit the 
breakdown of cAMP and pndong iLs intracellular 
sojourn, combined therapy with a |f. agonist and 
aminophyllinc can result in accentuated bronctHKlilu- 
tor effect!. 
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ANTIADBENEBOIC DRUGS. Numerous agents 
have betfl discovered ihu prevent either Lhir phamuiizo- 
togjc effects of sympathomimetic drags, the physio* 
logic responses evoked by stimulation of adrenergic 
nerves, of both. The tanks adrenolytic aid sympa¬ 
tholytic have been u*ed 10 describe such activities: 

however, more precise terminology is presently in use. 
Adrenergic antagonist* inceraei with adrenergic recep¬ 
tors and by occupying these sites do not allow an 
adimapr agonist access to the receptor. Adrenergic 
neuron blocking drugs do not block receptors: instead, 
they act pres-ynaplically al the nerve terminal to cause a 
decreased release of the endogenous ncurol raiwnittcr 
norepinephrine, 

Adimenergie Antagonlsta, In 1906 Dal* repented that 
pretreatment of eats with ergot alkaloids. prevented 
some of Lhe hemodynamic effects of epinephrine. ; 
These studies presented the first evidence of lhe drug 
action now- commonly referred to il\ adrenergic block* 
ade. Adrenergic blocking drugs es.cn their pharmaco¬ 
logic effects by irtEerlt^feulg with and occupying adren¬ 
ergic receptors. In this maimer, adrenergic agonists are 
prevailed from affixing to the receptor site: effects of 
the agonist are abolished or markedly decreased 

The adrenergic blinking effects of ergot alkaloids 
(and some drugs, tike phentolamine that were subse¬ 
quently synthesized 1 were identified as being present 
only nl those adrenergic receptors designated by 
AhlquLsL f I L >48) as a. In fart. tor over 50 years the on ly 
adrenergic blocking agents identified inhibited «- 
receplor-inedialed effects. This problem delayed full 
acceptance of Ahlquisc's (IMS) differentiation of a- 
and (Preceptor sites. However, Powell and Slater 
(.1951) and Moran and Perkin* (I95S) demonstnrtcd 
that the 3,4-diehU-imphgnyl analog of isoproterenol 

selectively inhibited those responses ascribed by 
Ahlqinsl t!94S( to be mediated by P receptors. This 
drag, dkhltifi ns^nHcrenol, blocked Che vasodilation, 
cardiac stimulation^ and bronchial smooth muscle 
relaxing efTcets ot'eacecholamin^s but had no effect on 

Ei-mcdi aicd effect*. Pmpnmt*iol Hydwchl&rtde. USP 
(luckral), was sub^quemly identified as a p'blocking 
agent, and it serves as the prototype for ihi s drag group 

Ftaiwcok#: Consideration^ 

Receptor Blockade. The a-« fUnhlbitoty effects 

of rqpmentmivi; adrenergic blocking drugs (e.g.. re 
bli.K k.iLde w ith phentolamine and p blockade w iih pro- 

pranoloL) on lhe hi nod pressure and myocardial effects 
of sympathomimetic drugs are shown in Pig. 6.7. Alpha 
blockade abolishes the pressor response to norepineph¬ 
rine. Epinephrine is a mixed a-(J agonist; « blockade 
by phentolamine not only prevents the pressor rcs|>u<nsc 
K> Cpifltphrine* it iLrtually inverts it to a depressor 

ng&pon&e. This is Called epinephrine reversal. Since the 
h: receptors are occupied by phentolamine^ only the 

vasodilator p, receptors are available for ieutecacEkM 
with epinephrine. Thus epinephrine causes u fall ini 


blood pressure. Alpha blockade does not affecl lhe |i ± - 
reeeptor-inedialed depressor effect of isopreNereilo) nor 
dots ic idl ed Lhe candiuc stimulant effects of Lhe cate¬ 
cholamines. 

Propranolol, a flHuelertivc pA blocker, inhibits 

die 3,-ciLfdiac siiiiLulanL efforts of isoproterenol, epi¬ 
nephrine, and nDrepdncphrinc (Fig. 6,7). It also blocks 
the P,-deprttss4jr response to isoproterenol hut does not 
pumnt the a«r«xe|iori mediated pmur response to 
norepinephrine, The secondary depressor effect of epi¬ 
nephrine seen in the eimlrol situation is due to residual 
P^-reoqytor-mediawd vasodilation:; this too is inhibited 

by propranolol. 

IHlAKMAmuXjlL' Efhkltx. *ITie degree of autofwmiig 
nervous system activity at any one time plays an impor- 
taim tide in determining the extent of pharmacologic 
efforts. that will be produced by an adrenergic blocking 

agent. For exanfiple. ^ministration of a p-blocking 

drag EO a trained quiescent patient does not cause pn> 

fmind ciidiovasculAr effects because at rest the heart is 
not under pronounced iympaihetic influence. Upon 
physical exertion, however, an increase in heart rale 
and cardiac output is produced as a result of increased 
sympathetic nervous, system activity. If the patient is 
required to exercise dunng treatment wilh ppapraiwM. 
these characteristic cardiac responses are not obtained 
9intt the p^idreiMfgic receptors of the heart are 
blocked hy ihjs drug. 

Effects of an a-Mnckim agent arc similarly influ¬ 
enced by Lhe existing ue of aurloiKHnic nervous sys¬ 
tem activity. If the eardiovii^iLlaf system is under pro¬ 
nounced sympathetic dreminance le.g., during fright Of 
severe hypovolemia). an (^blocking drug will cause a 
decrease in blood pressure. Tilts occurs because lhe a 
receptors of 1 Wood vessels are occupied hy Lhe CL-block¬ 
ing agent and are no longer available to norepinephrine 
or to circulating epinephrine. 

Fharmacologie effects of adrenergic blocking agents 
can be reliably predicted by considering the distribu¬ 
tion of a and [i receptors in the body and the respective 
physiologic functions they subserve. Distribution of n 
und P receptors in various negus and tissues and their 
pharmacologic characteristics ire summarized in 
Tables 5.1 and 6.3. 

a-ADRENEMjQKl BloTKINXI AGENTS 

Ikkchjt ALKAtolDS. Ergot alkafuids are not used 
elinieiiily in hunians or tower inionata for nc-blocking 

effects. They affect a variety of urgans at 

conpemrBiiiins |$n ih;tn thcfcse required for uc blockade. 
Therefore, they are not truly prototypical « blockers; 
however, they were Lhe first adrenergic blocking agents 
identified tDule 1906). 

Ergot is & fungus f Chniwps puFpima) that para¬ 
sitizes- rye and other grains. Jngesticm of contain muled 
grain products has caused outbreaks of ergotism in 
humans and dumcslie animals throughout the world. 
Ergot is a mixture qf different types of alkaloids that 
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FKJ. &7—Efheb of ft- jnJ fkadrener^ ic Hocfcide on the blood pram and nyounfiil effects of epinephrine iLpik norcpi- 

nLrpNnih? (NK), aibtl i\upn>lLTeind 4 ISC !> I in u dug. tuiiln.d = l'IIccL^ ur ill Lite uIHvLtHtl 1 (if an udiL'tfucgK' hhvkidg doug. H 

Mocfcadt = cIIltEs til tnlKt llI In udiniumruAuxn of m a Mocker (fi g.. plwniukiinhlK'k P blockade = effoctl of ajl'iia'iC/i after 

^Jrrsini^lr-Alion. nf 41 jj hlivke-r ijc.p.. pmpninnlnl ) t Evjh,, NE 1 ., or ISO was mjifLlL'd intriiwiKiusJy ul umM. (1 bkicLuJL 1 inhibits tlv 
ptifShLir r-L'sp^ms*.' Ili Nit, Jivis niil ujfuei Lhu difpmsMsr iiHos/L of ISO. HOVOtt Lliic pHUOT cIEhi of tipi 10 u dapnwt ellixE 
H Eipi Tnercab, and n«< iflbci Ihv c;in.li;it sOmulaiLl cAulI* ul I]ilt ujiiiiil's, fi blut'kiiLk; dnits nut jIIclC piWOf nipQUH hj 
NtL inliihiis depnuor tfliKi of ISO, Inhibits tin: wrntidBiy dtp fwot ilfeo of Epk tfbdl inhiMu myocardial rinulut cJTccta 
of all chrt- l* uniim (m text for detaili). 
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ChlWtETUtiB ri B. |B [JisfKLmiliii 


Potency of agouti 

A IllUgl 'll isl> 

11 Mxheri (PHEN) 

P btefej^ 

Omni {PROP) 
b. (PRACT) 

P,(BUT) 

DopuiK iinUi|ic»fii-Mi (HAL) 


E>NE>D>I 


l > i & me > r > 


i>fe> Hi > O 


0 > e. NE, j 


iilotk 


ISIS 




Block 

Block 

No 

Block 

Weak block 

No 

Wnk block 

Block 

No 
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Ncitf; £ n cpiiiirptinnr; Ml: b lunrptn^phrirH:; E) = A^pciinmi:; ] = KuipmlLis’iw-l; MILEift = |diL~iiCnlu.inimr: lw= DO hknikuij.' 

affect PROP = pnpvuolol: PIC ACT ■ pnctolol; BUT a iutouniK; HAL • hulujwidoL See Table 64 for further faKakdowi] 
of Ce ma t* a n i iniu a — <L subtype*. 


luroe bktogfc edeeb. The ergmovbK grovp lucks j 

polypeptide side chain; it does not cause adrenergic 
blockade hul has polcnl uxyioeic activity. The erpoLu- 
minc jjroup cuna adrenergic blockade bul has hide 
effect Qfl ihiiu oscular smiKHh muscle. 

The predominant vascular effect of ergot is not uc 

blockade hul is related to intense peripheral vukoil- 


sfriciion These compounds cause i\ direct Blitnnla- 
lioD of smooth mirseL% indudiii cfon of peripheral 
bhod vessels- Became nf peripheral viihneonstrie- 
cion, ex^ot initially causes a pressor response Lhal 
may persist tor j fairly long lime. I.aj^zer doses even- 
twlly hloek ihe a-edmciglc reeeptor>: u-rcccplor- 
inediated effects of norepinephrine, epinephrim:, iuld 
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other ugormLH -iire inhibited* E3elii receptors are nol 

Affieded. 

ficLULJHir tit" iTi-b tax: king tfftCfr, (1)01 prtdlKtt cpi- 

Hflritt kkiulI a* (Kvlnuty ducribod (H(. fr.7). tn 
crgnl-tncateii animals, vasodilation and hypertension 
occur after administration of epinephrine (or other 
mixed a-|J ugonbLs! nCttlting from p-reccpLor dc^mL- 
fUQCe in the (HUCOtt of a blockade. Although this is 

not (he most prominent effect of ergot, it is the imad 

interesting, hi nee it led lo identification nj other, more 
selective ir blockers. l-irgc dow of ergol came serious 
circulatory disturbances because of intense and persist- 
ent vasoconstriction <of peripheral vessels. This is char¬ 
acterized by Masii of blood in Lhe cupitLiuies and me* 


riolus, Ihromhosis, and eveaXiyJIy uhlikTaliv^ erukr 
lerttis. lending to gangrene of the extremities. Slough- 
ing of portions of the feel, bums, tills, tMV, and 
longues have penned in ergi*i-pji.sLnkd immiuK 

SYNTHETIC B-OLOCKING fiOSMSL The synthetic ti 
blacken fall I Dio KVCfll dlHH of ttfuduoly unn?- 
laiod chemical coapouadt; itiructure-vtivity reUuion- 
ship* have not been clarified. There jure scveril groups 
of OC blockers tuch as the hdoidkybnHK derivatives 
iphenoxybenziimine. diberiamine). (he imidazoline 
den viUives (phenlohinnne. lolazolinek the brnzodjtMt- 
ajth (piperuxiui. -dihozanek iind she dibenza/epine tkriv- 
Mm {KapetfJHfc see Fig, h.N for chofllctl Structure*. 
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Member* of the pbennthiazanc derivative iranquiliz- 
cfh a)n have ft-adrenergic blocking properties. These i 
drugs are discussed in detail in relation lo their CNS 

effect! in a liter chapter;, llwir peripheral viKUlar j 
.iciious are al» ofiilERSL Cbtorpm marine and several 
ocher related compounds am cause blockade of n 

receptors. These agents alter press nr effects of ealc- 
cboUnuiHt (they ean cause epinephrine reversal) hut it 
seems likely that lhe total cardiovascular effects are 
from a variety of factors such as eoncomilarul anlihista- 
minie. antiserotonergic, and anticholinergic cffiBCUL 

Inhibition of pressor responses Lo calechiilamsnes by 
the other vynLheiic a blacken, however, cm be 
ascribed almosl entirely to a-receptor blockade Ptien- 
LoJamine and phenoxyhen/amine ere older ft-blocking 
drugs. Their sile of idiod is the tt receptui: p responses 

are rot blocked. Pkmaxybmzamut* ffydntthfaridt, 

■ ■ 

USP fDrhcn/ylii^L and oiher related haloalkylaminex 
such as dihenamine produce a noncompetitive block: 
increasing (he dosage of an a agonist will not over¬ 
come the ijc blockade produced by plMMtyhflMliltfc 
This churacLenslic seem** to be due to Che drug binding 
in a very stable manner to the receptor ckt nearby struc¬ 
tures. PktnJoiamiw ffyibvchloridr s USF (Regitine 
hydrochloride), and TbLnotim HydnxMorhkt. USP 
(PHscoUnc kydAcfalobdc)^ however, cause a competi¬ 
tive blockade of ft recepicsrs Ihui can usually be antag¬ 
onized by increasing the avaiLih 1 1 \\\ of agonist. 

Canfim'tisrutur Lfft'cti. Slow IV Inftttion of phenoxy- 
botMiiiuinc lk r plicncohimine to a normal paiicnd usu¬ 
ally d cm it cause a remarkahlc change in blood -pres¬ 
sure:. Usually, a fclighl to imidcrarc fell in pressure 
nxnPk however, Lhese drugs will cause a marked 
hypulcnsivc response if a patient’s cardiovascular sys¬ 
tem \ \ under pronounced sympathetic tone. This is par¬ 
ticularly evident during hypovolemia, -since in lliis 
state sympathetic discharge increases to mainUiin ade¬ 
quate blood pressure in ihe presence of lew circnliling 

blond vi ilimie, 

If pheiMUybetuamlBC w other pcneiU a blockers arc 
given by rapid TV injection, severe hypotension and 
other advene cardiovascular effects arc seen; however, 
these effeeLs probably involve factors other than ft 
blockiule. 

In humans. u. blockade mokes little change in blLKni 
pressure if the patient ta supine, tout pronounced 
bypoteukm occurs when tlw pilknt siaods. This 
roponse is called postural or orthostatic hypoLcnsUin. 

It is due to blockade of the vascular a receptors that arc 
normally active in the efferent limb of reflet blood 
pressure pathways 

Other reflex changes are also altered. Reflex hyper¬ 
tension caused by annxia is prevented by tt hlockudc. 
as is the pressor rapoitt to oedurioo of i be carotid 
arteries (the bilateral carotid artery oedurioo reflex 
depends upon increased sympathetic vaswoutrictur 
inrte and increased release of epinephrine from the 
adrenal gland J P Because of their occupation of a recep¬ 
tors-, re-blocking agents prevcnL tffcUffllttkfl of ilw 


nerve Impulse to the ft receptors of Wood vessel cells 

[ und abo Mock interaction of circulating epinephrine 

j wiLh a receptors. In ihii muner, reflex pressor 

i mponses -are inhibited- Alpha-blocking agents 
increase blood flow through capillaries and anerioLcs 
as a result of ti-reeeplor blockade and perhups some 
direct relax imp effect on vascular smooth muscle. 

Pnrtfw imur4ipic and chmootreipic effects of ciule- 
cboUnuncfl in heart muscle arc not prevented by phen- 
tolamiw nr pbenoxyben/aminc. However, studies have 
shown that drugs having ft-blocking effect decrease 
arrhythmias caused by catecholamines (Cltbotd and 

Szabumewic/ 1973: Wimlg eiaJ. 1974; Bnfiry I99.1} 0 

This has been denKinsLrdLed in nuitaivL'sLhcLlzed sub¬ 
jects- and after MftlrinikBOf the myiK'ardium by hahv 
genated hydnicarixm anesthetics. It is nut known if this 
is nhnJLaied entirely hy rr bkxjkade. The haloaLkyl- 
amines have a slight direci depressant effect on the 
heart that may be involved. Also, inhibition of the pres¬ 
sor effects of catecholamines (known to conLritmLe to 
sensilization of ihe myocardium Co iirrliychmias.ii uiay 
also c-onuibuk 1 (Katz ajfcd Ka?z l%6l 

Under certain conditions, a-blucking agenls par¬ 
tially d tttcMA the inotropic effects of calecholamines 
in isolated heart muscle. Tbi^ response varies from 
species to species, and in some cm it fa demonstrable 
only during abw.irmally low tompenilii-res. Allbougll 
heart muscle cxincains a, receptors that increase myo¬ 
cardial concraciility, the positive inotropic and 
chf owt fo p k effects of calochoianijnes an predomi- 
ruicly p-nxeptor-mediated cvenls. 

Othtr Phenlolamine and phsooxybrauniiK 

cause relaxation of the nictitaLing membrane l'3 nd eye¬ 
lid): contractile response caused by stimulation of 
sympathetiL' nerves or administration of an ft agonist 

<ire blocked in iliis structure The <K _ ular elfectii of epi¬ 
nephrine and nor ep inep hri ne are inhi hired by ci hli^-k^ 

ers, as are pilomotor effecl.v The Crl iruci is variably 
influenced by u blockers, cubol in part by Lhe prev 
cnce of p receptors in this system that also subsers-e 
relaxation. 

Ntannocokmnictr The hailnaiky jambi as atul the imi- 

dazoUnea are effective wheiher adnunifftnAed hy roouth 
or iljectioL However, Lhe ffwiiier group is absnrhed 
inefficimtljr after oral ariminisiraiion; only 20-30% of 
ihe drug is absnrbed in active furm from Lhe Of tracL 
The onset ol action of phcncpxybenzamint and 
dihenamine is prolonged even allcr IV administration. 
These drup-s may be converted to active ialoiKdiitei 
which then exert «-bhx"king elTecLs, Their local Irritat¬ 
ing properties restrict iheir clkakal use lo oral or IV 
adnimlstfatiHL EflTective blood Levels of tokuoline nuty 

nnc he nblained after oral adminiscraiion. since it is 
slowly absorbed from the GL tract and m rapidly 
excreted by the kidneys. PhenUdammc is les-^ Lhun 309f 
is active W-Iwn given hy (DCHrth w hen il\|Kttd Rio- 
Lransf-urmuLinn puthw.iys nf die DHfdRKfgK bloekinp 
HigcOh hav<! not been clarified. Several of these drugs 
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may localise in body adipose tissue hoc3tt.sc of their 
relatively high far soltLbLLjty» 

Clinical t/ir. The a-rcceptor btqctjpg drugs have 
boon umxI with varying degrees ol sucres* in Attempts 
to reduce vUdCdtftricEbi in ihe treatment of periph¬ 
eral vasospasm, hypertension, pheochrufiuttyLoma. and 

visceral ischemia during circulatory duck tyddnam. 
Early menaben of ilv a-antagonist group have mu 
achieved appreciable csvdvraicular appUcatioi in vet- 
nutary practice and they bam prowd only slightly 

more useful in human medicine. 

Certain types or stanch of shock syndromes have 
been reported to respond favorably to an Ot-Uodllg 
agent. This in believed to he due to antagonism of cat¬ 
echolamine-induced peripheral vasoconslnclion in 
vital visceral regions (e.g._ rcna] and splanchnic ciicu- 
luLionL Phenovyben^amine (U.44-2.2 mg/kg diluted an 
SOD otlL botanic wdine or glucose} administered hy 
stow FV infusion hits been suggested us a treatment 
procedure for preventing ischemia of ihe nucroci reula- 
cion during shock in animals. If kypoiaiitn occurs 
upon administraiion of an a-Wixking agfflt during 
shock, adequate fluid replacement hat not heen 
achieved. It is essential that additional admin iM ration 
of blood or plasma expanders he Lnsinuted prior Lo con¬ 
tinuing che infusion of lire ft-blocking agent, Currently, 
ft-blocLing agents ure used infrequently, if al all, dur¬ 
ing the manugemenl of circulatory shock. 

MiNsru-jmvr ft, -04 BincKHRS, An i inpuriftin limi¬ 
tation to therapy with the older a blockers such » 
pJteitloJynTiine und phentwiybcnzamine is their para¬ 
doxic syisipaihomiiiwlk aciivity, especially in the 
heart. Adminisiralion of ci blockers can evsu|i in car¬ 
diac eceitaiion and increased plasma mn ca ttl ti otB of 
epinephrine and norepinephrine (Jtaccd Cl al 19^2 5. 
Historic ally, these effects were attributed to a triphstfc 
adjusim^nt in auknomic octve activity instigated 
reflcxly hy the hypotensive re!W|hin*« to inhibit ion of a- 
vasoconstrictor lone. These three pluses are increased 
sympathetic efferent traffic over the cwlomekritor 
nerves. decreased vagal impulses to Ihe sifKitrill pace- 
vnaker. and increased sympathetic firing 10 Ihe adrenal 
nWuNa- Study lodkua, however, that the cardiac 
response to n-blwking igeoti is even more complex 

than originally surmised aihJ lovohtt yet a fourth path¬ 
way that incorporates the u,-adrenefgk neuronal 
receptors. 

Ii is KW kiiiwit ilhil flKnoxyhenzarnine and espe- 
eLilly phcnioUuninc CUD Wocl both a,-aftd a,-ns;eptor 
subtypes (Table 6TJL Thu* these dru^s nol only inhibit 
the a receptors of Che vascular smooth muscle celt hui 
can likewise block the CL, receptors qf Ihe noradrener¬ 
gic nerve endings tFig. 6.2), Since the prejunctional cr..- 
reccptof subtype control* the prwiousJy discussed 
feedback inhibition of norepinephrine and epinephrine 
release- mechanisms, cl blockade would ihcrehy free 
the KndietKtgjc neuron and adrenal chromaffin cell 
from a resident Mt[>presxur system (Sared et at. 19*2). 


TABLE 4,4—Relative order of selectivity of several 
a antagonist foe u t - und H^udrcuerpc receptor 
sublyp^ 

Fraiuin -ti , 

Triunin 

CnryiMtline 

WB 4L0) 

FTtc rw > 1. y tv n f+i m 3 rv 

Cketpue 

VhtmAmm 

PfpmtuD 

Ttahrarihic 

Yofaknkine 

Ragwul^cine h, 

■ 

Sdmtt; Adm 1WW. 

Nutct ACtMiy diminishes .ind lE.-hlcK'Ling 

Kthity bc mci m the liii is. irav L r^d Am u>p m bottom. 
Drag* tn ihe middle are IKWekctht blocfemoftath reecplur 
nbtypcSn 


An important consequeoce of such actkKi would be an 

Liugnicntamon of ihe nel quaniily of catcchnliimincs 
mohiliied und released hy reflex mechanism*. This 
sequence would not he manifested al either n,» or Oj- 
viLMJuonstncLor receptors, owing to Ihe tsriginal nnn*e- 
ketive a-rcceptor blocking action of the drug. In the 
heart, however, Lhe increased uv-uilability of cate- 
dkoliimimfis can optaun the p$, -receptor slimutation 4 um 3 
itccencuatod cardliu.' responses thut can be associated 
with Hie of fuudective ft antiigofii^Ls, 

st-LHinvb: a, klockek^ Prumn ts an « m|onil 
with selectivity for Hie H -receptor subtype (TkMc h.4l. 
Since it leave* ihe prejinctiotiil «. mepkn operu.- 
Lional, prazosin should exen lees reflex sympath- 
omivnctic response ihan would a nonselceuvc ol b -oc , 
iinLig-unist. C’cmrirmLng thiv 1 henry is a study th^i enm- 
psires the hemodynamic effect* of praBOfiicD 4 ithl phenco- 
Iamine in conscious dogs iSatwd cl al. 194t2[L Both 
druy:* i induced equivalent nduedott iu peripheral vus- 
cuUjt resistance und blood pressure. Phctilolumine alJD 
evoked significant increases in heart fate, cardiac out¬ 
put. oxygen consumption, and pl 4 *mu cs 3 n 1 .v 1 UraCu.Hi 1 s 
of ncirepinephffne and epinephrine. Prazx^sin did tbit 
did I these sympathomimetic side effects despite 
equivalent reduction in systemic blood pressure. THwfi 
difference^ (xtWCfll pnL* 0 "in amJ phenlolominc cun be 
explained hy the ti,-reecfMor sdcccivicy of che funner, 
kuviflf IntKt dli ftj-uutcsinhihitory mechanisms for 
catecholamine ftleaw (Rf. 6J). 

In adiliijon, since oiniyuptk ct. recepturs nf w- 
culnr smooth muscle remain nnhlc^ltcd dunng 
therapy with pruzosin. these vasoccwiscriciLW w aptOB 
an: avsubble So help maintain tasomotor lone in the 
TesivLailc-e and capacitance beds. Thus ovttKMtHic 
hypc^icnskm seems to bt kn of a problem with n,- 
selecii^e Mockcn Ub prazosin than with ncjnsclec- 
tivc Mockers such as plbciiioliuliine. 

Because M'reduced frequency of refLes cardiac eui- 
IhUmui ymd onhtttUuC hypotension. pra/osLn und ochgr 
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QC t -selective antagonists have established an Import an I 
flight? irt pnlihypcrttnsivt therapy in humane. These 
AgttlB may iihu pfuVe useful as pefipheraJ vasodilators 
fur reducing cardiac workload without reflex toehycar- 
dia iu heart failure syndromes. Indeed, a study indi- 
tirted ihal peripheral VHOdi laliou with prazosin was 
directive iil 4 dugs with congestive Stesurt failure that 
wen refractory to digorin (Atwell 19^), However, 
digoxin was continued at reduced dosage in 3 of the 
dop. It i* unclear whether the beneficial response* in 
these patients win aitrihutahle to- unloading of the 
heart by prazosin, to boprov em eot in digorin dosage 
management. nr to both, 

selective a. blockers. Yohimbine and ruu- 

vvulscine are experimental drugs that have pirminent 
blocking Action at a, recepton with hide at no activ¬ 
ity sdi n ( receptors. These drugs are u.\cd commonly In 
investigate cr,-rcvcplor-elepcndent mechanisms in dif¬ 
ferent tissues-. Also, I here is considerable interest in 
yohimbine ns an antidote to C7NS depressant drugs that 
have OL-receptor agonist activity in the brain. Table 6.4 
ranks the order of selectivity of several a blockers rel- 

■ove to iheit avtJ^Hutk Activity m a,- and %-mp- 
tat subtypes-- 

(3-AouNBibOic Bucking Agents. DitMorofao- 

protHOHl wn ihc Gnt drug demonstrated to aw a 

specific blockade of ^-adrenergic receptors. Because it 
also caused an initial stimulation of the same recep¬ 
tors, subsequent studies were directed to idenlifkaCion 
of other (J-hlocking sgenl-s that lacked aguniMk prop¬ 
erties. Propranolol is structurally related to its precur¬ 
sors; k is many rimes more pnieni than pronelhalol and 
has very minimal jgnnistic effitoL Pnopranolnl and 
related |3 antagonists are somewhat similar in structure 
Lei Ihc P agonist isoproterenol, as seen in E'lg. 
lliese compounds have an isopropyl-substituted sec¬ 
ondary amine on I he carbon sadc chain: this moiety 
appear* to be important fur effective iutnciin with 


Ihc |3 receptor. The levoeonilguration of the asymmet¬ 
ric carbon atom ora the side chain of propranolol yields 
ihe many times more potent Ji-blocking isomer than 
does Che J-ccmfigurajlion. 

CARDKJVAStTL'LAR PtiAAMACOUXlC EFFECTS. Pro¬ 
pranolol causes minimal depression of heart rate, myep- 
uurdial contractile force, and cardiac output during unr¬ 
ated condition:*. because -id rest the heart is not under 
pnntourteed sympathetic lone, ttowevtf, if the heart is 

functioning nndtr mpucheLii. 1 nervous system dotnl- 
runce fe-g,,. during encciie), a relative bradycardia and 
a rather prufluttOctd decrease in niytKsirdial MtWtku 

arteli-iir-daLu: uulpul Will hu prt)dhk:Od_ Mils tiring prOtarihts 

Ihe pusilive inertmpie and chronotropic effects of cate¬ 
cholamines in the heart as a result of [J,-receptor block¬ 
ade and antagonize* the arrhylhmogenic KtlOffi of the 
catecholamines. 

Under most physiologic conditions, p,-vascular 
receptors participate only in a limited manner to home¬ 
ostatic regulation. Thus (^-blocking agents affect hlood 
pressure primarily through their effect s on cardiac out¬ 
put ml her than hy periph era l wculir effects. YuodDi- 
Ujda produced by E^Liip^ >ceirs--rkL»<| or epinephrine fa 

blocked hy pncvpranolol. however, and ihc vasocnnsiric- 

lor response to epinephriae (n rjpook) may be some¬ 
what; Accentuated The vaocwatrictor effects of Dorep- 
incphrinc or other ra agonises arc nol blocked hy 
propranolol. 

BnHiehiolar airways are under sympathetic domi¬ 
nance, resulting in an active stale of relaxation df the 

branddoltr hiiumch muscle. By Mocking p, re cep tors, 

p ro p ra nolol inhibits sympathetic bipnchiwIiMnr Ktmtjr 
and causes broradiioLu constriction,, This effect is espe- 
ciaJly prominent during episodes of allergic read ions 
and brnnchkiliir asthma: nunsclective P,-p,-bkxking 
drugs arc contjuindicatcd in Ihese and retoted condickms. 

FHAftMACYMONETlCS. Effective blixul co*x*ti§tkm 
of pnipnmolol arc obttUncd after oral idallittlticfl, 
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but a large doac in required when given by this- route. 
Biotranslonmulion lakes place primarily within the 
liver, and several miw ibcUbalrlEi have been Ldcnli- 
fred. Fn some species, 4-hydrojiypropraiwlo] is as 
active a ft-adrenergic hUvking agent tt the parent tnm- [ 

pound Prop ratio I i> 1 causa a competitive blockade or (1 

receptors. Therefore, larjte dHH of [i agonists cm 
overcome tbe ^bktding effects of this drug. PThmina- 
cddJHtlc features of propranolol ad aiher ft hJocfcen ( 
were reviewed by Muir and Sams (S9K4^, ; 

CLINICAL USE. In human medicine, the ft receptor 
antagonists are used rather extensively to help manage 
several important medical problems, including hyper¬ 
tension, angina, cardiac dysrhythmias, hypertrophic 
obstructive cardiomyopathies, hypenhynpidi-sm, ami- 
efly-related muscle tremors-, glaucoma, and myocardial 
rcinfaruLiun. The P blockers arc utilized considerably 
less in veterinary practice but lha#e application lot con¬ 
trolling cardiac dysrhythmias provoked by overuclivily 
of the sympathetic nervous system. Controlled clinical 
trials are generally lacking; however, p blockers also 
have potential benefit in domestic animals for reducing 
cardiac work effort in ubslruclive canlmmynpalhics 
hIimJ perliaps for lowering myocardial oxygen demand 
in chronic heart failure syndrome. By blocking lhe jl 
receptors of the hcan, the drugs decrease the inotropic., 
chronotropic, and arrhythningcmc effects of the 
endogenous catecholamines and other p-adrenergie 
agonists. 

Witrsig £t al. (1.974) repnrlcd that I mp/kfi racemic 
profmnoM administered intravenously to dogs 
markedly decreased the incidence of ventricular fibril¬ 
lation induced hy epinepliriiNf mid norepinephrine dur¬ 
ing hftkrihade -and Ihiobarbiturute anesthesia. In this 
reaped, propranolol was more effective than chlnrpro- 
miLrine or accproiruixine. Adrenergic antagonists 
should be infused very 0 slowly when given hy the IV 
route, since cardiovascular depression may occur if 
tlKV arts administered by bolus IV injection, 

BeCa-hlL^king drags are frequently effective Ln 
decreasing AV conduction and thereby controlling -ven¬ 
tricular rase Ln patients with alrial fibrillin iort i&t flu Her. 
Propranolol has been shown to be effective in control¬ 
ling atrial and ventricular arrhythmias induced hy digi¬ 
talis excess and in I real iri£ paroxysmal arrhythmias chat 
prove mutant to digitalis and quinklme. In dogk slow 

IV infusion of propranolol f I -3 mg) has. been proposed 
for treatment of digitalis-induced supraveniricuhir 
tachycardia, idlopidiic sinus Uchycuttk and 
Hupravcniriculiu facbycardu The oral dow is 10-41) 
mg every S hours. ' 

ft,'SELECTIVE AMTAlMtmTS. The preceding clinical 
Uses of ft 4ui1iJgonisls depend cm their block of the ft- 
receptor subtype. 'Ihus a drag with seLccisve p -block¬ 
ing action would have therapeutic capabilities equivjj- 
lenl to propranolol or other ikhi selective P,-p ? 
antagonists, hut with reduced mk for lo*s of important 
P,-rw.eptor events as unwanted side effects. Pmpra- ! 


; nolol and other bfocfcen P are potentially 
harmful] in certain patient population owing to ft,- 

receptnr inhibit ion in lung lirwiyt, Leading to bn-m- 
chnccwiKtriclicin; Ln vascular sniLKiih muicte* leading to 
changes m blwxJ pressure and dutributnn of cardiac 
mJlput; and in hepalocytes, leading lo disanplmn of gl li¬ 
aise metabolism. The latter condition is especially 
important in insuLLn-dependenl diahedes, white tofts of 
bronchodilator tone obviously is critical in pqUKRJl 
willi reduced respiratory reserve. 

Some of rhe newly discovered ft -unLuguni sLs were 
found to be relatively mure selective for the ft,- than for 

the f&j-recqptor subtype. Metoprote4 h protypkal for 

this group. These drugs are commonly referred lo as 
CUdUHdectfve P blockers because Lhe mainstay of 
rheir clinical uses pertains Lo antagonism of the cardiac 
P, receptors. Some p Mockers ud associated afTmities 
for receptor subtypes are included in Table 6J. along 
with approximate biologic half-life values, Soiric of 
these compounds arc lipophilic and undergo r.ulhrr 
rapid bioU-unsformiit ion hy liver enzymes, while mhers 
are lipophobk and depend upon renal OCRU) mccti- 
«Hl» for a longer half-life {Muir and Sams 1984), 

P BLOCKERS ANI> REDUCED CAUXAC RE5ERVES. It 
should be remembered that ^-Mocking drujs, whdher 
of the |i,-selective or p,-p .-nonseleclive gre^up^ should 
be admini^lervd s~auLiouvly in patients- with preexisting 
haul disease. Under such conditions, cardiac pertbrm- 
ancc may well depend on increased dominance of sym- 
padidx activity as pjirt of the compfluitory aiiempt to 
maintain hcmodynamk^. Blockade trf sympaLhetic 
input to the fi ( receptors of the heart, especially if cud- 
den, can precipitate cardiac decompensation aJhJ fuiU 
are. Ac a £4 hhJ. example. KMJaou and Hamlin (IM1) 
reported that propmwlol caused cardiac decompensa¬ 
tion in h with congestive heart failure that had been 
responding favorably to a vacodlktor 4hydralazine). If 
(1 Mw kw te is attempted in the setting of reduced myo¬ 
cardial HHkictite mervn, ii should be hoplemented 

cautiously with sulci scruiiny of iJk p patients liemndy^ 
namic ^Latus. 

WlRIHStC BYHWIIOM1METIC AJCTIVITV. An inlerest- 
ing iieei of the pbuviucodyTiainfa: prolte of certain |J 

blockers is their inLrinsie ly npuh ofiimriig iiclivit\ 

(ISA) liable 6-5). This means ihiii ihcsc i g wrt euft 
partial agonist effects; hence, they nfinUiB a slight 
bul alimubtkwi<if Mk p receptors while also prevent¬ 
ing further receptor activalitm through ihcir ppimar'v 
antagomslic action. An advantage of IS A mighr he ihal 
hiis^il tone to lhe endue (J receptors and pulmonary ^ 
rnreeplors may forestall cardiac depression und hrt>n- 
chonH B t riclwn respectively. Another 1 ad^amage qf 
low-grade (Preceptor stimulabon might be j reduced 
tendency for the yp-regulation of p-recepior numbers 
that can follow knit-tern therapy with |J amapoa^ts. 
Administration of any of the p blockers shouM he dfr 
ciuilinued gradually iiJ’Ler chronic treatment to prevent 
Hjpervnativity to aponlsts ^eendary id the receptor 
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TABLE SA —IftannacudynHinic cJUdrucIcrislicK and empiric duongc schedules for Hnnl JS-udroieryic- 
Hocking drills 


[Hug 

[I'Receptor 
Mock 

|3,-Recepu>r 
' Hock 

BA 4 

Kiilf-Lifet 

(hr) 

Orul dose 
(mf. HD) 

IV d0K« 
(rat) 

Pnipranridul 


Yet 

Mo 

1-2 

MO 

1-5 

TtauU 

Ym 

Yes 

No 

1-2 

03-1 

0,4—1 

N«lciM 

Yet 

Yet 

Mo 

3-4 

3-40 

m m m 

fAprumikil 

Ym 

Yes 

Ttm 

«2 

3-40 

1-12 

Alcmwkri 

Yes 

Yes 

Yet 

ra .7 

3» m 

3-10 

PUcU 

Yes 

Yes 

Y» 

2-4 

1-4 

0.4-2 

Mctjpn4ol 

Yes 

NoS 

Mo 

1-2 

3-40 

n ■ ■ 

Alumikil 

Yfes 

NoJ 

No 



mm* 

feidoM 

Yes 

No| 

Yes 

Nn longer list'd 

m r r 

■ | ■ 


Smew Aduu I 9S4: Mui r and Sam 1984. 

Nule; Tbft hiuLufic hill I jiie values and dilute runges fbf all (Vhhx-'k mg. drugs Iiuvl nul bun dL'ICrfikirtLd f ui ihnlttsliu ai'u- 
muh uikler diucft] conAkn Tbu table represent *n. wniric ejUnpoIrtka howl un diiia Grama dtter cnpcviimbl rtutfia in 

dufs Lir •L'Link'iil stiulus in liunuus. Dnugjc KLtiL'dulei sIuhj d he emisidrred k m I. y us fiuiduilK'IHal uyule lines, uihl nClUuJ ihccapy 
ihnuld Ip iiiiplciiiunicd with krtver dcKiugus white puneira rcsptftsc- is cluscl y luo-riraorcd. 

*iS A ■ in I limn; ^ynYputhH^mimutic jcI ivity. 

f Biok^gic hfllf-life vuIi>Ck vury t a nnsjdi'rilil>ly. -and viiripljnr^ amnrsjj |mcten 1 x n^urding Llwnipeul iunlly idliiLtivL 1 pl-asmu Ltin 

cx.'nlnlmn.s rune. 1 Ii 4 s In SMWd 

tlncfavu-iuitis dierupy with fJ hlocLcn bCHtnl cardiac djwhyltiniB diould be dne slowtj nod flubouly with dilute wotm- 
tkw whale ihe ctodroo udwy fe nAnitncd 

$|J a Kfecth iLf is h:«sC ia-sUi higher tkwngus. 


“upfCinllhai” oj anLagunisI-induced mpfav sensi¬ 
tivity phenomenon. 

[n human medicine. many questions remain ftbuit 
Lhe clinical fekvifett nf ISA, receptor up-regulation, 
nikj even carduaetoclvve blocking profiles with the p- 

KcepftOT intiflQiitii. F.veu less is known about the 
practical rekvun of 1he?*c aspects tn veterinary medi- 
<W¥r, Until nsiwc iLiiia are .available, mctnpmloL or other 
(^-selective anLagutiitLs should he considered when |J- 

bntkidg effect* are deemed necessary In patients with 
pnoMi^ pulnonary dueue or diabetic-related dis- 
orderft. 

Adrenergic Meiirnn-Blne Iking Drugs it rid Cate- 
l hoLLdiiigiit-Db-pl L-tiii^i A Renta These drugs act presy- 
rtupticidly ;ii rhe adrenergic nerve terminal and prevent 
nekifcse of norepinephrine; Lhcy do not block the povt- 
syniipLie adr-enerp ie receptor Therefore., responses In 
ddreet-aeting sympathomimetic umines are not pre- 
venied. Hnwever, effects of iodinci-tctiig ^ympiUh- 
omfanetic mines (tgente ilmi cuue rdeue of endoge- 
rnuis norepinephrine i> art uitcnuiited by 
neuron-blocking. and amine-depleting drugs, since the 
lutlei agent* aflecl neurtHUil mei:hanism\ that are tarlive 
in ihe ^clirL■p]ncph^i^li , ■ idue process, h'or euiupk 
rcserpine is a ealeehtslummc-deplclinp a^ent Lhal 
cause* ii severe reduction of the EKumtal stores ot nor* 
epinephrine. Thereture, less is nvihbie far ire lease hy 
an kndireL't-iicting amine such as tymalne. Pressor 
dfiacb of tyitmiie uxe thereby stteousted. Adrenergic 
nciLrtHi-hiUivksi'g mid ueniiK-depletiiiit lLtu>!> have ulh 
been u*cd in clinical veterinary medicine to any appre- 
uiahle ciclenL. 

Reserpine has- been used for treating hypertension 
ami psychic disorder* in human* and is c.Men.sively 
used in ttttttdi as u phuiucologic bool t@ deplete 


endogenous catecholamines Ire™ p eri p heral and CNS 

udrt'iKTgic puihways. Chmk vUrily treatment of dog* 
with reserpine (ippnnlllUltdy 2(i iw.lcTiiiiisicted 

of ally I induces a marked decrease in the eonccniration 
of norepinephrine in ihe hypuLhaLumus, pons-mrdulla 
t^tonfaU, and heart jAdams et id. 1971, 1*172). Pro¬ 
nounced diKLurhances in peripheral and centml sympa- 
ihciic Kune Lions occur, and my4>c-ujibal damage has 
been suspected* Ilk* QKChukni of JtaCftkifli inf KttiplK 
il related hr an ijupai TiiwnL of the Mj 4 *- and ATP- 
tlepcndenft eapacily of LntraneuncmaL vesicles Lo accu- 
mataie and ^lovc cateeholamincs. After treatment with 
itsfirpine, amines m released brum gnuuilir ston^e 
sites into Lhe neuronal cytoplasm, where they are 
metabolized by MAO (Shore 1972), 

Guancthidinc is another agent that depletes cue* 
choluniiicl Hum adrenergic nerves, Howcvtt 
DSpAM to adrenergic nerve stiniulaLion are inhibited 

hy gumctUdkoe befon delectable amine depletion 

occurs. A Incut unlhetiC'Ulke effect at the adrenergic 
nerve terminal is thiuight tn be involved. Guanethidinc 
does not effectively pass the Hood-brain bamer und 
bus rriatively less effect on central Hbneigic pilbwayt 
than teserpme. GuaneLhidiiK is UN«d in aiilillypencik^ 
adve Lherapy an humans. ptfopfamM is somdiiim 
given concurrently to block the reflex tachycardia 
resulting from guanethnliik 1 -iDdlloed hy^Hensinn. 

BretyUtim is an adrenergic VKUfttl-blocldnf drug 
originally used in victempts il> vcimml hypertensinn. 
Sick . 1 effects such m postural hypt>lciision precluded the 
extensive use of this drug in clinical situations. 
Bretylium is often used in reseurch tu prevent llhr 
release of nttrepinephrinc bmu adrenergic nerves Tbi^ 

drug docs not deplete adreoerglc neurons of their cate* 
chulammc stores; in Ibds respect it is dissimilar to 
rCHWpnfl and guancihidlne. Bretylium seems to exert u 
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Incul n&liilk-lik effect Lit she AidftMi^kc nerve lemii- 
□j 1 and, by lihis, mechujiisrn. decitues the iflHMIUE of 
norepinephrine discharged I'rurri the nerve. limerettingly, 
because of its- direct pfotungpUg effect on refractoriness 
of ventricular lissut, bretyliuni has been approved for 
oodrpl of oatfiid lypcs of cardiac unhythniNLv 


Mianlliini'imsi Agents, A chemical syiftp^theeioniy is 
ptoduoed by 6-hydtokyetopaniine- Thi* compound is 
Liken up into adrenergic nerves and causes anatomic 
destruction of the nerve terminal. Several weeks are 
required lor rcgoreratLon of these structures lifter treat* 
menE with 6-hydreiaydopGimi™*. 

ot-Methyldopii h taken up into the adrenergic nerves, 
where it is birtransfornKd by the catedtuolafiiinc-syn- 

i hesiziiig enzymes into li-rneUiylrorepinephrine, which 

is chen stand in the amine granule. The a-methyl 
group protects this compound from oxidation by MAO. 
Therefore!, endogenous nurepifiepftrinie may be dis¬ 
placed from the granule, metabulkzfid by MAO. and 
replaced by Gt-me L h y I urn re p i n e p h ri n e. The a-methyl- 
nurepinephrine is a pmertl «, agonist, thereby dam- 
mg sympathetic efferent outflow from ihe CNS, 

a-McdiyKpara-iyrusine inhibits tyrosine hydroxy¬ 
lase. the rutedirtiiting enzyme in the synthesis of nor- 
epinephrine. Norepinephrine stores are not replenished, 
and depletion of this amine occurs after cessation of 
synthesis. 

M AO inhibitors are used in hunuuis as mood eleva¬ 
tors or anLidepressunilH, Thciw* drugs- interfere With the 
oxidative deamination of caLecholamines; these amines 
accumulate in the neuron alter treatment with a MAO 
inhibitor. Responses, to peripheral nerve stimulation do 
not seem to be markedly augmented by MAO 
inhibitors: however, effects of indirect-actiiig sympaLh- 
omimctic amines are markedly poteKilled by pretreac- 
ment with them. This is due partly to the increased con- 
centratkin of amine that in available for release by the 
indirect-acting agent. Hypertensive crises and cerebral 
vascular accidents haw occurred in human patient* 
who ingcMcd tynimmc-containing. foods (c.g., cheese, 
wile) while they were taking MAO inhibitor. 

Cocaine inhibits the neuronal amine uptake pump of 
adrenergic nerves. This pump functions to take norepi¬ 
nephrine back up mto the nerve. CJLher amines (e g., 
lyraminel gain access into the neuron by this uptake 
mechanism. Thus eociine pmeotiytes ihe effect of nor- 
epinephrine hut blocks ihe effect of Lyiamine. 
rolipramine and dimethyl imipramin? are tricyclic 
siuddepressant^: they, too. Mock the neuronal amine 
uptake mechanism. 
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CHOUNERGTC PH A R M ACOLJOG Y: 
AUTONOMIC DRUGS 



H. RICHARD ADAMS 


Far 3 sym.pnlhum mirth 1 Agents 
Direct- Acting. F^n^nipiathuminMlic Agents 
Choline Ksttrv 

Mulurylly Occurring ChnlinnfiiimFticAlkaloids 
IhoJiMuterase I nhihilnr* 

Pfiarvnacnhtgic ('considerations 
Reversible Inhibitors 
(Irganophotphoru* Compounds 
Pansympulholylic Agents 
Atropine and Scnpdaminc 
Synlhtiic Muscarinic Blocking Agents 
AulonamLc Cianglicifiic Blocking Drugs 
htedumfems 
Nicotine* 

SjnAetk (pAngliofilc Blocking Agent* 


Acetylcholine (ACh) acis as the nu^e^f between 

nervt! endings and innervated Cells tif autHMHUic gad- 

glia, parasympalbaic Demcfflector junctions, some 
sympafietk KuiKffiKtar junctions, somatic neuro- 
muscuLai junctions, the adrenal mediLlh, and certain 
regions of (he central nervous system (CNS). ll has 
been rerogni *ed lor many years that considerable ther¬ 
apeutic" benefit could be derived from drug* lluil would 

selectively mimic the action of ACh acidly at certain of 
these sites, of. alternatively, that could selectively pre- 

veni only unwanted effects of otiis- biogenic substance. 
Although ideal drugs have yel lo be identified- sume 
agents have been found in he rrlilivdy more active al 
certain cholinergic sites than ;u others. In (hi* chapter, 
drug* ghai influence patigangjiotpc parasympathetic 
neumcffcctof junctions and autonomic ganglia by 
Ad)4ikc or ACh blocking effbott will be examined. 
PiLrasympalht'lic neurons, and affiliated receptors of 
innervated cells are depicted in big, 7.1. 


PA RASY MPATllOMIME ltC AGENTS, "Cholin¬ 
ergic 1 ' is used Lo describe an ACh-likc effect without 
el Sanction m to aiwlomk site of action. >L ParasympaLh- 
omtnwtic^ is used specifically to describe an ACh-1 i ke 

effect cm. effector cell* innervaLed by postj^anglicmk 
neurons of the parasympathetic nervous systen n (R*. 
7.1 J. Most oi die cholinergic drugs considered here are 

u.v^d! clinkally for their paf^yi-npathcimimeik activi¬ 


ties'. However* the scope of pharmacologic activity of 

several of these cviiipoumh is not restricted lo 
piirasympiilhomirncLk" effects bul includes cholinergic 

actions* throughout the body. 

Bawd on mechanism of action* drug* that cause 

paraympi1tboai m e c k effects cm be divided into two 

major group*: direct-acting agents,, which like AGh 
activate cholinergic nteeptofs of the effector vdk and 
cholinesterase inhibitors* which allow endogenous 
ACh to accumulate and thereby intensify and prolong 
its action. 


PI RE€T-ACTING PA RASYMFATHOM IMET1C 

AGENTS, Direct-acting, paraay mp*thirmi matte agents 
consist of Htcis of choline and naturally occurring 
cholmu-mimelic alkaloids. 

Choline Esters* Choline, a member of the B vitamin 
group, (xiswssm ilk. duracurisik depre*^ir yeiion of 
a cfootincrgk drug w hen injected intravenously in large 

unphysicvlogie amounta; however, its, potency is multi- 
plied thousands of 1 i in* when n is cslcritled with 
acetic acid to yield ACh. 

ACh, although essential for maintenance of body 
hoOMOgtaris, i s mu used Lhenipeulical ly for two impor¬ 
tant reasons. First, il sets simultaneously at various tis¬ 
sue sites and no selective therapeutic response cm be 

achieved. Second, iis durai tirfi of action is quite brief 
became it is rapidly inactivated by die cholinesterase*. 
Several derivatives of ACh are mate resistant lo hydroL- 

ysis fry cholinesterase and have i somewhat grocer 
selectivity in their dies of action. Of several hundred 
choline derivatives that have been synthesized, orha- 
chol 4 beltumechol, and methachohne have proved 
effective for certain clinical usee and will be discussed! 
here. 

Mechanism of Action. Phannacolugic effects of 

ACh and refined choline Osiers are mediated by activa¬ 
tion of Ipedfit ACh-mponrive sites (lc„ cholinergic 
receptor* orcholinoccptors) localed on alls innervated 
hy ctoluHC|jte nerves and, in some cases, cm cells ihiii 
lack dwJincigic innervation. Choline esters act directly 

on posts ynapliic rccqste and! lU i inn dq>end upmi 
endogenous ACh for their effects. Based on differential 
responsiveness to cholinergic agonists and antagonists, 
two haste typos lv|' chohnooepLnr* haw been identified 
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PHD 7JI ft tn mini rclficiondiip* of flllJ r asympIl^:hc^^l , ncurcwnl ntflow tracts untl jffiluri motfAon of inmirvaDed cell. 

Parasympathetic pregang Iwok unris exti cranial (shown) nr sacra] /ones umJ pass peripherally iu tyqpu wuh a nuumn hndy 

located within (riimi) Of -:»tS|^V:iil b .s itihCrVuLftl! tissue. 11 i.' ps^aj'ighpiUi: ikriij^H'i rt-Lrasrs EJhl" nLurnlraiisnuLlLT lilt Lyli: hi i line 

(ACh). which fldhnm nicocink' chotificrfk- revcp*>rs on ihc gaDgfkwie neuron body. The icwiliu^ sJHinuljin.nl cf the gjui- 
glionk rwuron pwmflfl ndkrarf of ACh from ihc &wmi icrmitial m po^cginglkHiie pawympiJluik ntumeffiKtw junLCmms 
within Lhe intestinal tract (jinn)<v(Av iiuucs inibtfvui&d try purasviiipujihL'iii: ■burwi. ACh *cttvaui nuuiiiik cWW- 
gic rttepiors present mi cdbi bratmted by ihc pamy mpaihciLe division ejf ihu auiuihHhiL~ ncrwKis svMliii. Pnefutfioak: 
liters anr mi; pmlgunghumL fiteo arc blue. Ifruwro fry Dr. (itiociqEhe M. f'nriKLjiivlincHniv University nf Mh^snuri (-Sec rJi'v.r 
cwlmr plfii#.* JnkwAu jw 1 18 ,} 


within Lhe peripheral efferent pubwiyi of the mam¬ 
malian autonomic nervous sysurnuFig. 7*1).. 

Nicornmc receptors. Beginning with the early 

studies by Dale i 3^14), it was known ihai nicotine In 
small doses mi mks eertai n actions of ACh and in larger 
dorses, hinds these same chnlinei^ic effects. As sum¬ 
marized an. Ltrup . 5+ nicotinic responsive sites ore pres¬ 
ent in uucmHunii; ganglia. adrenal medullary chromaf- 

fin crib, atn! MnnwiculM junction of the umtek 

nervous system. Accordingly, receptors at these sites 
are called nicotinic chulincrgic receptors, and effects of 
cholinergic drug 1 * at these site are described m nico¬ 
tinic effects. Nicotinic receptor* at ganglia are different 
subtypes from chose localized to voluntary skeletal 
muscle. 

UUKaRJMC RKBPTQftS. Nicotine dm act mimic 
ACh at postganglionic ptnwyxipaifactK neuroeffccior 
jusedou, i.e.a pawyaqHOictk inaervaboa m heart 
■unde, mooth rnottk, nd rawriiK glands, The 

■udUQQO alkaloid BHKlrtw was found m selectively 
mimic activity of ACh at these *itcs, hut not a! lhe pre¬ 
viously mentioned nicotinic receptors. Muscarinic 


receptors. thcrcl'ure. designate the type of irhohnoccp- 
turs present at postganglionic para-sympathetic ncuroel- 

Eecftor junction (Fig, 7J)i Muscartak receptor* are 

also pnesenl in toroc blood vessels ihm lack cholinergic 
innervation and at neumeffeetor junctiLHis of the sym- 
palhclic ncn'ouK system that are chnlincrgU; (see Chap. 
5). The parBsympathomimcLic, or muscarinic, effects 
produced by drugs examined in thte chapter are equiv¬ 
alent to (he physiologic changes evoked by postgan¬ 
glionic purasympatheiu: nerve impulses, as lisied In 
Table JJ P 

A tro pine, is u cholinergic blocking agent lhaL 'selec¬ 
tively h|u^|c s niU^anitc rwept«irs wichc?u[ 1'lp.vkir.L - 

nicotinic sites; whereas hcx.amcihi.iniuEii., J-luhocu- 
rurine, and large doses of nicotine block nicotinic but 
not futtcarink Kttptm. 

ACh evokes an ndlltOfy IHpUK in uimv ttMRt, 
e.g.^ smooih nuuscle of ihe goslroinlcsi inal (Crlji tract, 

bul causes inhibitory f^ponves in ocher titnm, 

myi>candium r In general, exeicalory efTcccs of ACh are 
due 1o depolari/Btinn of the ptsstsynaplie membrane 
characterized by an increase in permcabilifiy of Che 
membrane lo both Na^ and K" mtis. Inhibdtory effects 
have been as-weiated with an irthibitory G protein (Lit,, 
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G) linked m dinhiiiuuun of udaiyljd cyclase and result¬ 
ing decreased! formation of l'AMF and protein kinase A 
(Lambert 1993). In some tissues, muscarinic receptor* 
arc linked to activation of guanylyL cyclase wish 

iiKTeubed formation of cGMP (LdkovriH ei al. 1990: 
Lambert 1993). 

Sthjctuhe-Activity Relatwhships. Direct-*^ 

ii%: eho*litwrgic agonists contain structural grouptop 

that allow Interaction of the agent with cholinergic 
receptors and result in similar changes in memhrajte 
configuration and ihus km permeability as caused by 
ACh (Rand and Stafford 1967!. Choline esters contain 

*1 r 

ii tjuaUsmary nitrogen alum to which three methyl 
group* are uHachetl Except fur some natural ly occur¬ 
ring chnlinurtlinwik alkaloid*, u quaternary nitrugen 
moiety is usually required for a direct potent action on 
cholinergic receptors. Like its counterpart Ihc ammo¬ 
nium ion, the quaternary nitrogen group carries a posi¬ 
tive charge; Shis cationic group eIeclro.sriatica.lly hind.* 
with a negatively charged (anionic) site of the cholin¬ 
ergic receptor. The anionk' site is believed to he the 
main determinant nf receptor o l-ii[s, and irrtecactloo of 

the cationic head of ACh with the anionic site is the pri¬ 
mary instigate* of conformational changes iHiiv lead to 
litcfitiom in membrane pcnrcaHUty. 

cholinergic rewp- 

hm and cholinesterase*) I hoi recognize and hind ACh 
have, in addition to hhe anionic site, a region that com¬ 
bines with the ester component of A(.Ti (fig- 7.2) 
(Hueho et al. 19911). In cholinesterase, this region is 

called the ftStonttfc site and i lb uumbnfculiun with the 

carboxyl group resulLs in hydrolysis of the ester fsee 

ducDtwft lawt in thfci duptef). Hydralycb of AGi 

does not occur up™ its interaction with a receptor, 
however, and the ester-ultrueting region of the receptor 
is called the HtenpUttc site (Inestrusu and Perdnum 
1990; Taylor 1990a. 1991; Mauuoulie et al. 1993). 

ACh is ideully arrunged sCruclurnily so that it com¬ 
bines with Use estemphilic and anionic sites of both nico¬ 
tinic and muscarinic receptor* and aeciylehnlineaeraseh 
(HuchortalL 1991). When both components of Lhe ester 
moiety of ACh (i.e., the carbonyl group and the ether 
oxygen) are replaced by mcihykitt molecules, agootafk 

pmpenie* al both muscarinic ;ukJ nfcoliflJc sha are 

reduced. If only lhe ether oxygen oF ACh is substituted 
by a methylene group, the muscarinic potency i* 
markedly decreased but nicotinic properties are Little 

affected. InUoduelinn of a methyl group on the p-carhon 
jUlEim of the chohot segment cudddcnbiy reduce* nico¬ 
tinic properties but docs not reduce muscarinic KthAkk 

These finding* iodicai# that lhe ertHophUk sites urc 
arranged somewhat differently in muscarinic than in 
nicotinic receptors and therefore influence specificity of 
agonistic and antagonistic properties of dilTerenL drugs. 
The csierophilic region may contain wbunkt thul indi¬ 
vidually attract either the cthff OflygH Of the Ciubouy] 
oxygen hy hydrogen bonding ami dipole-dipole fadeoc- 
liurt respectively fl’lg. 7.2E3) l Khramov-Borisov and 
Murhelscm 19W>), 
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FIG. 7»2—Jntcrajctiirfi of ACh and ns re ce ptor A. (1) = l-Iul-- 

trwutic hood between cauoiLie I'quairfiiary Hi fcymtip yf 

AjGi ami die lijiutiib-l: ulc Lit tfiu rurcpflur. ( 2 ) = dipolar hLnd- 

ing of cator of ACh wiih ihcchitrcphilic mlc of ihc rceeptur 

| rhrtu. in AClt-dicrfiiiesLcrjsc inlerjetiofi, i' 3 'l = piKvalcirf 
bonding erf -L'luhixyi carbon ki ^ pmhwiaricd *cidH' gn»up trf 

ihe atardv ^itr tsf the en?yme| 8 (!)■ probable existence of 
hydrophobic bonds between the various nwthy] and 

□ djacenl proteins- of the receptor surface. Based on die posiu- 
laied interaeifoo of AQi and eholirfeehriensr (iiMKlifiKi fmrn 
bldefrawj 197-1 >. B Electrical charge diMritHriHTii of At.1i octd 

itK nsueplxic I k.hn:nrHA' -li:mM:>v jind Machcluin I K 


ACh is the prototypical cholinergie agent; ii acts at 
ull chulmcceptor iiles- and therefore evokes bo4h nico¬ 
tinic and niKtrildc effects. Acetyl- |i-mechykhulsnc 
(mettiaehflhnej is iiienitieal in structure 10 AOi except 
for lhe suhsrilution of a methyl group on the IWarbum 
atom of tN cboUae group, This *tructurul change 
yields a compound that is primarily s mucarfnk recep¬ 
tor agonist locking significant nicotinic effects when 
given in usual ckwige*. Further, it is more active on the 
cardiovascular sysLeui than on the G1 tract. DuruLion of 
action of vucihacholinc is cnnsiiJcrahly lunger than that 
of ACh because the former drug is hyclnjly^d hy 
uceCylcholiuebLerusc (AChEj oJ a much slower rate than 
is ACh and mcllucholinc is almost totally resistant in 
breakdown by pmfdticholLnesteraiie. 

Carbachid and hcthancchol each have a carhamyl 
(NHjCOO-) frottp H bHit U W d lor the arctic moiety u-f 
ACh, and hcthanechol also has a methyl group. Bmh 
of these agisms an* akmt completely re*i*Uuil to iniK - 

tivatiLin hy the cholinesterav*. Their durati^i of action 
Is Lherefore considerably longer it™ that of ACh. Car- 
bachol h Ktm at both muvcaiiuk- and niccninie recep¬ 
tor sites (therefom it is clKilirkmiimeiic und not jusL 
panasympathomi metielp whereas bdhaocdul is pnma— 

rily a muscarinic agonisi. IJnlike irivihq^-holiue. 
butlii these drugs ore somewhat mare active on smooth 
my^li^K at the t_i] tract and urinary bladder ihan on 
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TABLE Trl^Chrmknl siruclurts (A) wad scope of diollittrgk rvceplor Aclivailiiif* propcrtlps (B) of soifir 
chriliiH' mivm 

A. Conpound 


Stncttrt 




Choline 

Acetylcholine 

51ti2iifc.bolijic 

tr^irhuichnl 

Bethancdiot 

fCULlLM* 

(f’K, i.N' 

(t.'H.j.N' 

PPQ^ 

-CfL - CH. ■ OH 

-aiV’Cic o cocHp 

-CK'riij O COCH, 

- m -CHC O -OONHa 

- -oh; - CK<CH J ■ O - COHR, 

Suwcptibdlily 

t-u Lhulincsiefw. 1 ' 

■. .b mm m m — 


Aganulk propenk-s 


Musi-arnik receptors 

Nkatink rccepUH^i 

^■r-n- t- 

B. True 

Pacndn 

CV 

01 

UB E 

ChoHae 






Acntykhotinc * + + 

4 4 + 

4 4 4 

4 + 4 

4+ 4 

+44 

UeudulJ k + 

— 

4+4 

4 4 

+ + + 


CartuKhol - 

— 

+ 

4 4 4 

4 4 4 + + 

4 4 4 

UelllLUIL^'lKlI 

- 

± 

4+4 

+ + + + + 

— 


None: CV Eg c-iiriiovartulur: Cl * gnslmnlcsiinnl: UB a urinary bladder; E ■ eye 


c+LTdiov^ul^r function.. Che mica] slmeitucii of these 
choline «ten and their relawd pharmacologic dmc- 
ceriMies are shown in Tkble 7.1. 

AfSTYLCMOUNE. Although ACh is OCA used dlnl- 
aHy k il is [he prototypical cholinergic agunixt. and an 
uiHkrMafltling; uf it* Kthrky is imperative for a enm- 

pnbeukn of lIw pharmacologic effect* of other chn- 

linnmimetL: drugs. The biosynthesis, neuronal rclciisc, 
cellular acdvilHt. and inactivation of endogenous ACh 
arc examined in Chap. 5 and should he reviewed in 

c™ junction with this chapter. 

S-incc ACh is Li mixed niLXjLuiie-iEiuM.iu'hkic apuibKL. 

different effects fan he produced by iMlminixtftuiofl of 

thin agent, depending upon the relative dtidtitUOCC of 
muscarinic 1 pansy inpaihuitiiiiieiiL") fir nkoti nk actions 
'these effects cun he dilTerviiliuted by use of small and 
liugc doses of ACh and fry using selective cholinergic 
blocking drops. In general, parnsympdlhomimctic 
etfceLs dominate with small doses, wliexeu-s with large 
doses cholinergic effects at other tissue sites are also 

produced. Therefore! nosttrink reccpton Hem to he 
mon." nucepdbk than ucotiiic reception in .ACh. Use 
L>f cholinergic blocking drugs and small und large doses 
of ACTl to differential!; muscarinic and nicotinic effects 
of ACh is shown in Kip. 73 , This figure is discussed in 
greaicr detail in Ihc liilhiwing scclacms. 

PHARMACmKHC EFFECTS 

Carditnaw-Niur ^fftets t>f Small ftW5 of ACh. 
IjVtJEKfbOW (IV> administration of sum!I amounts of ACh 

produces a brief but npid I’-idl in systolic 

tkivliilic h|k-Hid pniwirtK. Hiis is due to a decrease in 
paftHlI resi:dance nesulllng from diliiii™ uf h\w*l 
wdL MosL Mood vends receive Uttle Off no pam- 
sympalhctic innervation i see Giap. 5) Therefore, mosl 
vascular smooth muscle is different from otter smooth 

muscle in chin its muswinc receptors are noniiuiemilcd. 


Interestingly,, muscarinic rcccpiois suhserving dila- 
viLKn nf blond vessels ji^ located on ihc endothelium 
ralhcr than on the & month muscle itself, Aclivaiion of 
endothelial muscarinic rcccptori fry ACh causes Ihc 

odotitettal cells to refuse eododKtimn-dermd mtan 
ing factor (EDRFi (Fordigoti and Zarwadzki 1980k 

identified as nitric oxide tljowenstein et al_ !9V4 
Nitric oxide transfers lo the vascular smtxUh muscle 
cells and therein activates cytosolic guiinylyl cyclist; 
Ihc resullmg increase in cGMP provokes vascular 
smomh muscle rckjtetida and vasodilation, as summu- 

risted in Fig. 5.8 i Adams 1996). 

Somew ha t larger dun of ACh <10-30 jjgflcg) pro¬ 
duce pronounced muvearinie effects; ihcrcfuffc, a pro¬ 
nounced decrease in peripheral resistance and Hood 
pressure is produced. In addition tn ihc hy pert end on 
ropoAvc, a slowing of the heart rate occurs after 
□dmijiislnUiun of ACh (a Irerekkot ta^hycardiii may inl- 
lially occur from [he hypDKulve tnpmK affecttlg 
bonmeeptor reflex activity). Atrial myocardial cells 
contain nuocuiiifc retxqrtorN asHciaicvl with vagal 

fibers that mediate negative chronotropic and inoLropk 
cffecis. The chronotropic effects predominate; they arc 
due lo a decreased slope of pfoi.se 4 j spontaneous dopo- 
larizatton) of the paceimi^er aclion potential of llh p 

foutriil (SA) node. 

ACh. in addition lo its pronouiKed slowing effect on 

heart rate, exens important effects on impulse conduc- 
doo. Ill ihe idriu. cholincrgie aenvalinn shivvs conduc¬ 
tion velocity but shortens uetiofi ptnentaul duration and 
the elfeclivc relracO.try pemMil, These KlHftS reinforce 
-iilri-iil dysrhythmias jiilL lead to atrial flutter and fihnl- 
laiion. Ira the atriovcntncular [ AV) ntKlt. however, ACh 

o 

slowx conducCiiHt veltjeily bit iirtiliings ihe refractory 
period. T1IS&! allhnugh cholinergic drugs can cxiicer- 

haw atrial tndiyiLrrhyihmiu>. the number ttf thHUOl 

impulses ihal effectively InVflK iJh. 1 A¥ junction into 
the ventricular cells can be decreased OACOndtUlly hy 
the mw agent. The nei effect is a slowing ol' vcotvicu- 
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FIG. 7.3-—Muscarinic and nicutinic effects of ACh <mi blood pvwu^ heart race, inteMinal motility,. and autonomic ganflianic 
lllIhhi |3uk-ifil3iilt ill an mftlllffiwi dug. Scheniaflk NrpnxluL-UOtti: I. A small iknC of ACll CIO 1 idlltimsicred aiilfj- 
vcrhHJsly Gftiiafri hypdttflsikM, hraJyLiirJia, and ink-dmal tOnlraejiiwis GaUAed l>y direti iCiinalali<ni of rimsiumiiL ftittpiCM uf 


hlciutl wsm-K, lie-art, and irlrvlirul smnsjdt muscle Tes^urlivdy. TIu-h* m bn id hecjiMW tit rapid *L?vln*;lmri uf Adi by 


dnliimteniK. 1- Atropine blocks. Ihe moicarinic receptor* mi (hereby prevents (he effects wen in (I). 3. l-*rge dows of ACh 
(.100 MS-^f) MimuUle, in jKkbmin hi muu-jirinic receptors, nkortnic rwqAm of pMOTHipiU belie and tymparthetic gurafliimk: 
neurons, causing an KRtEC ■« Atfoniqr Hid amplitude 1 ol gVIglipnic flCtiwi fMJlCTtials, mtoiwmic |EJ*rvg.1 ian? 

EKthmed, inipwlw* Arising Ibm piinisympalheiic guiglii db run reach (heir effector cells bccra of blo cka de of parasympa¬ 
thetic: ptisijinfjglinn.il.- neunicffcclnr junction* hy atropine SymptebonniaBlk mpnsei (pnKwefket and i^bycantiol r»ull. 
4. Impulses arising Fmm wrn|Ki|beMc ganglia me preventfid Fmm penciling (heirrifiPtfUT cell* by sidmwrgic hlindking drufjs; 
however, jtxngl ionic nicmifliC tt O tfMt are Mill ittmted by ACh, 5 HcMmrthoniwn Qir> block* nicotinic i^epinn ijf gan¬ 
glia unit thereby inhibit* Ihc nicotinic jianglinnii: Him wil ling effort of ACh and reduces fimglkmk ad. inn jfn -lentials. Mr p 

oLlnm pufenhul*- ni .iuU iiKicnii: gunydiutiic nuumn; ESP = lysLcmic; hhxid pressure: SIR = liL-arl iaU'; Cl] = mLes1in_al peri ■* tail ii: 


WUViTSu 


Jar rule; this mcdHuin has phannacokfic impor¬ 
tance, beciuSt the beneficial stowing elfccll of digitalis 
oil veniricilLar rule in palienls with alnal flibril l-ulaon ur 
flutter is mediated in pjirt hy increased vagal Lone. 

Different arriiythituas- ihui tan nuh from use of 
cholinergic drugs include sinus arrest, revere bradj/car- 
tlia, inccwnpletc and complete heart block. notcNiy and 

decreased ampl itude of the P wave, momentary ven- 

iricubr asystole, md atrial Fibrillation aid Rutter. 

Smotjfih Muscle. GI motility and secretions are 
enhanced by ACh in u manner identical to that seen 
Upon siiBimlaiicm of the piu-nsympulhelic inncrvalkm to 
(he al i moitary tract, There effects may he difficult. to 
detect with small dowis hceaiise (hialion of action of 
ACh is brief owing to rapid destruction by 

L'lii.diilolt.'raM!. Laqjitr duty's m^rkciJI y uiLTrca ^ 1 %%cr c 

lloftt and peristallk rnwemcnls of the GI tract. 

ACh stimulates urkuerth musde i>1 I he urinary blad¬ 
der iiiid uterus to contract Bn'mchinlur anuA murele 
is also contracted by ACh. resulting in decreased diam¬ 
eter df airways. The smooth muscle effects of ACh are 
Mucked by ntropinc and therefore are due to mus¬ 
carinic receptor activation* 

Central Nemms System. Because oF its highly charged 
qiMiemary nilmngen gmup. ACh is Iipaphobic and 


poorly pcnetrslcs cell membranes and (he hlnod-brain 
barrier. Thus CNS effects are not observed when usual 
dosages are admini^Lered. However, intra-arterial injec¬ 
tion ititd cerebral arteries of large amonnb nf ACh or 
its direct application into the CNS pnaduces increased 

electrical activity, excitation, and possibly eonvufekms. 
Both muactriidc and nicotinic receptors ire present in 
the CNS. 

Muscanmc ami Nicotinic Effects qf Larjte Doses of 

ACh. With high dnre* [JO- 100 pgAg>, muscarinic 
etTecLs of ACh on ptkdgunglinfiie effector cells arc 
accentuated. Profound hypotension is caused by exten¬ 
sive peripheral vasodilation. Duraiion of this cfiecl is 
prolonged. Heart rale slows dramatically and momen¬ 
tary asystole can occur. The GI tract and ocher visceral 

snncwiih are markedly naiv^ied; defipcalkfi. 

urination, and vomiimg may result. 

l arge doses of ACh produce, in addition io (tie mus¬ 
carinic (e.c. p porosympnalfiomimetk) effects described 
atHjVt. siimulaln.nl of the nicotine recepiors of mfto- 

nomic ganglia (both parasympathclie arid sympathetic) 
and ihc adrenal medulla, There effects arc particularly 
evident when Ihe mmorinir receptonv of the parasym- 
palhetlc neurwnkur junctions are blocked by 
jUfopinq. LJndcf there dk-omsti«R-e* large dows of 
ACh stimulate nicotinic receptiHs of hub sympiubeiic 
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juhj |l^r^!iy||iptd34ttC ^artgl i.u. HuWCVur, bOCUM the 

muscarinic receptors of the parasympathetic nenrorf- 

fectorjuiKtKfflf arc blocked by atropine, impulses orig¬ 
inating from parasympathetic ganglia will ncit reach 

their effector cell*. Only iimpulse* originating from 

sympajlKiiL: ganglia will do »; therefore., only sympa¬ 
thomimetic responses will be evident. These arc char¬ 
acterized hy an increase in hlood pressure, tachycardia, 

4ii«j other typical symp^thetic-i^dia^d effects,. which 

can he Mocked hy use of appropriate adrenergic block¬ 
ing drugs (see Chap. 65 nr hy use of a gaoglknk block- 

ing agent (Fit!. 7 a 3‘k 

Adsim/ Mcdwllu. 'ITie adrenal medulla is functionally 
analogous to autonomic ganglia. and nicotinic nxep- 
ten of adrenal medullary chruiitiaiTiii nib arc inner¬ 
vated by typical preganglionic cholinergic fibers. llicsc 
receptors are stimulated hy ACh to cause release of epi¬ 
nephrine and norepinephrine from chrumuffin cells into 
the circulation. This effect contribute:* to the overall 
nicotinic-mediated HympaLhofnimelic died evoked by 
large dewes of AQi in the presence of muscarinic 
blockade. 

SkeUial Muck bUnhktaiil injection of higdifktfl 
quantities of ACh will prodklC* skeletal muscle ffrcicu- 
lotions caused hy penetration of some of the agent to 

motor end'pines and resulting activation of niwtiuc 
receptors of skeletal muscle cells. Gootfamod exposure 

to excessive amount* of ACh causes severe fascicula- 
tions and asynchronous cwUrjctions and terminates in 
a depolarizing paralysis. Also, if an atropine-like drug 
has not been given, an increase in blood flew lo the 
injKtDd muiclb occun ■& a muk of wodiludn from 
; -i,imii hjiisiKi of the mnia rinic rKCptafl of MlxhI vessel 
endmhr Hal cdk and the resulting release of EDRF. 

MFTH WTHTH.1NE-, CAKBACHOI. AMD BETHAVKTM~ 

The phunnacologit effects of these choline eaten ore 
equivalent to the previously outlined parasympath¬ 
omimetic effects of ACh and thus are similar Co the 
physiologic change*. evoked by stiniLiliLlion of postgan¬ 
glionic parasympothctie nerves as listed in Table 5.L 
Cajhachol uImj has marked nicotinic ugonivlic churuc- 
teristiesg however, differences between the piirasympa- 
thumiiiKlic actions of these choline esters, are primarily 
quantitative and vary principally in relative selectivity 

for one organ system .or aoerffaer (Table 7.1>. 

Metfuc holme (my l-p- mel hyIcholi ne y is u syn- 
ibcLic elm-line ester rad Lxcasmnally in human ihcrn- 
peotkl huL in frequently employed in veteruury medi¬ 
cine. Methacholine causes muscarinic effects on 
cardiovascular function similar to those produced by 
ACh. but il is considerably kss auric mi che Cl system 
413 N.I has few agonist properties :§i nimitiic receptors. 
CHbKbDl (ILenlin, carhamylchnline chloride. 

Dory I) is an extremely potent choline ester iluu Is 
-active at both muscarinic and nicotinic receptors and 
therefore causes pharmacologic effects similar to 

chiingax evoked hy ACh. These are particularly pruicii- 


iicsii <in the hi icLri uLic rwupiLirs uf autLnhumc ganglia; 

however, this drug is also very potent at muscarinic 

hiics. For example, IV injection of dwi tl small a$ - 
[jp/kg cj lives, a transicnl slowing of heart rate and 

hypotension owing to muscarinic effects 
ftciJsniicecjl (Ure-cholrne, CtfbaifiyllliethykhDlillc) is 

somewhat similar to methaehoLi nc and earbachot in 
scope nf pharmacologic aeLivi1y_ Unlike carhachol, 

however, it ts primarily a muKiriiric aitd h«s 

little stimulant cflccts cm nicotinic receptors. 
PtLkJtMACOLOOIC iiFH^CrS 

CajttumMXMlar Lffrcts* Methacholinc is rnsve a dive 
on the cardnivuiiculaT system Lhan on the GJ or urinary 

ECul'Es. The (Jppnsite jceii v i ly i.s tmCCi'i with inirhuirllLBl 
and bethanerhol. IV axlmLmsIrution of melluichoLine, 
like ACh. produces a depressi>r response and sluwLng 
of heart raLe caused by activaLiim of muscarinic 
receptors of hUmd vessels and Ihc heart respectively. 
Cardiac rhythm is altered hy mettuicholine, and Ehc AV 
node is particularly sensitive to this agenL. Conduction 
velocity Ihnwgh the AV node is decreased. Various 
degrees of heart block, including complete AV 
disnssocaalion. can OCefetr with large dowh, IV 
adinifiisiration of mcthaeholine to normal 
nonanesthetijed animals can produce alriaJ fihrillatkui, 

as can ACh, These effects art blocked hy ampim, 
Cmrhuchol evokes htitocl pressure changes timOar to 

those seen with neducholinc except reiatiwly less 
prunounced. whereas belhanechol is cutihidenibly Jess 
ail ive tm cardiovaseuEiu funclkm. 

Cl Tract, Gutednt and bcttunecol are ictilivcly 
more active im the Gl and urinary tncts than on site 

cwdinvvttulAr syctem. Mdhichotbe is also active on 

the alimentary canal but only in large dnscs. Carhachol 

k a pntent Gl stimulant. H evokes profuu salraadoft 

and an increase in peristaltic movements u-J' the gut 
resulting in increased fluidity of feces and defecation. 
Those npouB are due to activation of rniucferindc 
Rcepfton Gl stiinulifenl effects of eboliKmen are rel¬ 
atively well defined in simple-stomached animals, but 
responsiveness of ruminauLs may vuy. Fffetls of car- 
bs'ichol 4ind various other iiutonomk dmgs on Lhe Gl 

tract of ruminanis are Bumurued in previous edition 
of this lesL 

Other SmtiOik Miutdic Uterine mitsculalurev in in vitn> 
Mhpt and the inlaci animal, is coniracied by carhachol. 
This re<.pimsc is more evident during Lhe Bailer siages of 
gestation. Cartiachol should not be used during preg¬ 
nancy. because abortion or uterine rupture mighl result. 
After piLTturii ion. eitrhflehol nMiy he asefid in cs pel ling 
uterine eontents. 

Similar to ACh, carhachol causes eontraetliin of 
bmnchiolar smooth muscle, resulting in a decreased 
airway. The unnsiry bladder is conlructed by corbachul 
and bethanechcd. and frequent ifriiuilion xesulls. Effets 

L»f carhuckioL and heEhanuehihl nci Lhcse as oh other 
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smooth mnuck^ are BHOscariiic and blocked by 
atropine. 

ShlrtoJ \fuxrlr. C’arbauhoL does not discemibly affect 
skeletal muscle when usual dosages arc employed. If a 
high dose is inadvertently given, muscle fuMriculaEiLniK 
and mo paraly*i* may occur, This is a nicotinic effect 
due to curbacboi causing a persistent ikpobrizatiDd 
block of life pusEjunciirwil membrane of ihc neuro¬ 
muscular junction. Because of relative lack of agonis- 
m effects at nicotinic *ilcs, helhancchnl and metha- 
cholinc have little effect on volrnlsy vmiacks. 

Sweating.. Profuse swelling in the horse is evoked by 
carbachol. h is not known if this is due tu a direct effect 
on sweat glands, a ganglionic stimulating effect* yri 
increase in circulating catecholamines (as a resull of 
adrenal medullary stimulation^ or local release of cuL- 
eehoLuinines from adrenergic neurons. Because iweat 
gland mechanisms m Lhe horse seem ID be |J, adrener¬ 
gic (Bijman and Quinton 1984 k either of llie luLLOf two 
nwjcltuiisini could he involved. 


Other Kfffi is. CarbachoL Like ACh* is a mixed nico¬ 
tinic-muscarinic agonist. It therefore has a potent Stim¬ 
ulating effect on iuUunormc ganglia and the chromaffin 
cells, of the adrenal medulla- Such an effect on ihc adre¬ 
nal medulla would cause an increased discharge of epi¬ 
nephrine and norepinephrine into the blmKlsLream. 
which m turn could produce diffuse syunpiulhimimeiic 
effects. Thi.vrclalicmslhip may explain why adrenergic- 
like effects have occasionally been encountered during 
the use of earbachul. Nictflinie effect of carhaehol on 


autonomic ganglia can be demonstrated by the hyper¬ 
tensive response obtained with largtf doses after the 
postganglionic muctftnjc receptors have been blocked 
with atropine (fig, 7,3], 


CLINICAL USES. Methaihulme Ltnd hethanechol are 
not used frequently in clinical veterinary medicine. 
Mirlhiidfeihnu has been used in humane and animals to 
produce peripheral vasodilation in treating different 

vascular disorders such as Raynaud 1 * disease and ergot 
poisoning respectively. Ir bu been used in human med¬ 
icine to control tachycardia of supravcntriculai origin. 
Ventricular lachycundia ami nodal paroxysmal tachy¬ 
cardia (in which the origin is in the AV node) are inert 
aiiKiwibk CO metfaftcboUne thei^y, RethyneLltal, I mg 
■administered subcutaneously twice daily, has been 
used to treat urinary bladder atony in eats alter inci¬ 
dences of urolithiasis; however, care should be taken lo 
ensure that I hr ureLhra is completely patent. 

CsrbiW-bol ts a pnrcflL drug, and care should he Lskcn 
tii avoid overstimulation of the G1 tract and uterus dur¬ 
ing its clinical use. Ol has been used for treatment of 
colic and impaction* of the intestinal tract; however, it* 
use in such cases should be closely monitored, [f exces¬ 
sive peristaltic movements are induced in a patient suf- 
ferirtg hum iiiluliul obstruction. nptUtt or 1 iflUttflU- 
vcprion may occur. Before resorting to a potent 


cholinomimetic compound such as carbuehol consid¬ 
eration should first be given to more conservative 

approuebes to Cl therapy such as life use of mineral oil, 
saline cathartics, water or Other stool softeners. If these 
measure* are noL successful Ctrincbol mmy be cam 

cion sly added to the therapeutic regimen. Repeated 

small subcutaneous I SC) doses of 1-2 mg curbachol at 

30- l» Nfkminute intervals have been used in ireafing 

colic in mature honsc* after treatment with oils and 
saline cathartics hud been instituted. Dosages should be 
decreased to 0.25-0.5 mg in foals. 

When administered during ibv middle of farrowing, 
curbachul (2 mg aUbcuftneously) has been reported to 
decrease die iocidoa of stillbirths in litters from sows 
and gilts by increasing uterine antndkxu (Sprechera 
jil Pf 1975), However, severe mHvtlkm, vomiting. diar¬ 
rhea. and frequent urinal ion were advent side effects. 

Carbiflml has been used in tr-ejuincnl of rumen 
4iti»ity and iitkp:fetion in catde. After conservative ireat- 
meat with stool softeners, repealed doses of U2 mg 
have proved effective in stimul-aiing rumen motility. 
Hdwcvcc, single doses greater Lhan 4 mg may be inef¬ 
fective and m some cases may Actually inhibit rumi- 

tnrdiculftr activity, Cubacbol should nut be given by 
IV or, probably, intramuscular flM) injeciinn became 
of its potency, lc is given by the SC route; however, Lhc 
dosage is still critical bataliiics have occurred in 
human patients after JM injecLion ttf cutaduL 


Nutmulh Occur ring Oiollinmnimetie Alkaloids. 

Pilifearpinc. muscarine, and arecolline are plant alka¬ 
loids ihai excel parasympathomimetic effects with min¬ 
imal activity at niccrtinic site*. Although all three agents 
are used in research, only piLnearpinc has been used Lo 
any appreciable extent in clinical medicine. 


PflocarptlK nitrate is the water-*oluble salt of ihc 
alkaloid pilocarpine, obtained from leave* of the 
Brazilian shrubs Pitocarpus jaborundi and fi nuen^ 
phyii\is. AiecoliiK is an alkaloid found in the held nuL. 
the seed of Lhe betel palm (Ahm OHKAirjL MiKKilK 
is found in the poisonous mushrooms AffidKr'u mus- 
t arUi. The chemical stmclures of these Lhree com¬ 


pounds are given in Fig. 74, 


Pi I ARM ACOLOOIC MGCHAWia M S AND EPPECTS . 
Pilocarpine, ancoUae, itud OMUtHlK arv rather selec¬ 
tive parasympathomimetic agents. k r their eholin- 
oniinrtk atisvicy i* melted primarily at autfurlntr 
siLc* with minimal nicotinic effecLs, Evd the slighrt 
ganglionk-sLimulaling eHeels oE pilocarpine and 

IHDUk are believed to Ife from ACtlvalkn of life ttC- 
oudvy iumctriikk pathway Involved in ganglionic 

tnans-inissiLm (see latter pan of this ehapierk These 
ehalinomimetie aEkakud* evoke their parasympath- 
ofnimdic effects hv direct stimulation, of the mus- 

BP 

carinic receptors of cells innervated by postganglionic 
cholinergic nerves. Ihey do not inhibit chiffineslera-se:. 
Also, because their effecLs are produced in chronically 

dwrviied tis.^w, thty are ih.it i.l^(>t:mk r itt upon ickuc 
of endognm ACh. 
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PihKtfpiu i* putiaduly effective in MumiluLing 

flow of mivtiofl* fnewn exocrine glands, including sali¬ 
vary, mucous, guAtne, and digestive pancreatic set;re- 
lions. ,As with ACh ii causes CLWilraetmn of <11 smewth 
muscle, thereby Increasing smooth iwmrk lone itnd 
peristaltic activity. Of considerable importance, pilo¬ 
carpine has a putenl uuukur tiffed on 4he pupil. 

Anecu-liike activates fUBCtriok receptors of tliuliner- 
gically innervated effector cells of glands. smooth mus- 
ules, and myocardium and therefore products the usual 
pmasympathiMifeimcLk effecti, Ii fa similar to pihp- 
carpinc in scope of activity hu4 m considerably more 
potent. ArccoLi nc depresses hcarr rate and Wood pres- 
541 nr imd may produce dyspnea by constricting the 
bronchioles. Dyspnea generally is nol marked except in 
cases where the dose is toxic «0f the mtlTlil bus previ¬ 
ously been affected with a respiratory ailment such as 
acute pulmonary emphysema. AfecoUllfi sli mu hues 
secretion of the glands of the digestive Intel ajid 

increase* peristaltic mo w mco ii of the gui. lacreasod 

flow of saliva, occurring within 5 minute* follow ing a 

SC iifej<ec-«iL>ife and lasting far an hour, m pvticotariy 
vtotireahk AfccoUoc comets the nriniLry bladder. 

Muscarine hu* been employed experimentally for 
many years because it Iuin a selective cxcrcatofy effect 
lph the effector cells of Issues innervated by poftgan- 
g I ionic cholinergic nerve*. It diws not BilnubHc the 
nicotinic receptors of lUtfflKKnk gunglia or skeletal 
muscle as does ACh, 


Clinical Uses. Pupillary constriction (mkxlt) 

occurs when pilocarpine is admiiislered system ical I y 
or applied topically to the eye, ClnteaDy, solutions of 
(X5-2% me ilwJ for insl illation into the conjunctival 
sac fur treatment of glaucoma. Pilocarpine stimu laces 
due sphincter muscle of ihc iris and the ciliary muscle 
of the len.*. causing pupilary Hnitiktioii and AptJHYl of 


accomiDodalKm. fnlraocular pressure momentarily 
increase*, followed by a persistent decrease. Fixation 
of the lens for near vision lasts only 1-2 houn; how¬ 
ever imoflis^ which develops within about IS minutes 
after ustillatioa, penisb 12-24 hours, Pilocarpine is 

u.Isl> Used aheiiluteljf Willi mydriatics to preVCSI 

synechiaticin, hut it is contraindicated in patients, with 
kifbcydilk 

Toxicology. Toxic doses of ihe cbcrfunoiivneijc 

alkaloids evoke seven colic and diarrhea und exocrine 
gland secretions. The pupil ii markedly constricted 

Dyspnea cslcllts because of consirietion of slue bronchi¬ 
oles and aecumuluLion of mucus in Ihc airways. 
Hypotension and extreme cardiac slewing, complicated 
by excessive hnxm:bocon*1 ji cLion und bronchial Accre¬ 
tions, lead Lu death. Arecohne or syUcttic exposure to 
pilocarpine is contraindicated in animals with hc-an 
failure, depression or discusc of ihc respiratory tract, 
and spuAmudic colie and during gestation. Atropine j* a 
Specific antidote Lo Untie doses of arecolinc, pilo¬ 
carpine. imd muscarine, 'toxic acLion of the poisonous 
inushriKmi in humans resulls from ihe purasympath- 
Dffllnetic action of muscarine. 


CHOIJNKSTFRASFI INHIBITORS, The function 
off AChR in terminating ihe transmitter action of 

endogenous ACh at cholinergic synapses and neunsef- 
fccur junctions is discussed in Chip. 5. Cholinesterase 
inhibitors (antichuliiieslenise ugenLs) inactivate or 
inhibit AChE and pseud^hulmesterase and thereby 
intensify activity of endogemiu ACh In aLhlituni, ihe 
activity of drugs iliat are hiotrunsfnrnned h> 
cholincAterase (e.g., succinylcholincu is also prolonged 
hy ehnlinesterase inhibitors. Becajuselhe?vc drugs mag¬ 
nify the actions of endogenous ACh at all cholinergic 
recepUsTs. their scope of activity is not limited to 
panisympalhoinimeLLc effects but includes choli¬ 
nomimetic actions throughout the body. 

Phy*o5[Fglllilh^ imtigfniJK, und edrophonium are 
examples of ilte type off uticholiicslereK agent ihm 

produces a reversible inhlbiiion of chnlincslerase, 
whereas organophosphate compoundi such as dn»- 
prnpyl fliwopbipbile (DFP) produce an irrcverAihlc 
inhihitinn. Although there is i^^iisiderahle dlsrinctinn 
between these IWO gmup^ of BillctwMflftlHMg, their 
pharmacnlogie effects are similar because of a com¬ 
mon basic mechanism of actum. 


Mi.itri 
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MBCHAN1SM Gl : Acnw, The pharmacologic clfcLLs 
l>I" dHlinHtttW inhihiturs can be explained almosl 
entirely hy 4heir characteristic inhibitory aclami on 
At!hl:. Thu results m decnra^cd hydn4ysis of iieu- 
ronally released ACh and intensi-ficulton rf ills action ul 
cholinergic receptors. This is particularly uw with ilte 
httvmibfo ofgunupht^phuLc cfli^KHiodt and can be 

dflimutiPtcd by lack L>f miotic fff«L of topic ally 
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7,5—SnieniL-iwm <*TAOi. raco-sCi^mi™. and edrophonium with AChE. L ACTi complexes ifr-iili AO&E via elceirg .1 Mafic 
binding nf lliu qua! umuiy -(calkmif) N + ul (he diulintf i^ruup wadi III*: amutlk: aliEB of Ihe enzyme and by niterdCtkm 0 «F the car¬ 
bonyl group v.i|h ;i wffHnt; hydroxyl jmurpol ihc evfienjlu.- site. t IkiJitiu iu sjsl 1 1 nidi, y killing dl£ BCiAytlfted Lrtjymt. which 

iiiteraete wiUh H.Oto yield arellc raid; iiml the rerativaied cn/yme I I. Nemfiijcmme comptobS w ith AChE to yield .Vhydruk* 
yplKtiyItriiwchylnrnmnniuin (3-HPTA>4indi ^lutKiimy InWi3 ensryme, which then net wi/H H O In give jV,A r -dinreEhyleuifisimic 

acid (DMCA) and the react vvitad Mizymc; ihi* reachinn i* =» * stower lhajn Ibc: comparable n-arLinri involving AOi and 

AChJE. 311. Edrophonium -complexes with AChE via de&ocUk interactim M (lie on ionic she and by 31 TxKnling to the imwla 
zoic M raom of histidine aL the estentiic site - . ihia complex is rewniblt yielding netivilcd AOiE and edrnphrmium. The 
numbers in parciUhesca refer bo relative rates of reaction rTaylor 1990a; Inestm* and Perctnwan 1990; Hnmwlie d al 1993). 


applied DFP an a chronically denervated eye, where 
there as no source of ACh. NetMigmine itud culler qu*- 
ternary nitrogen arnichuHiKstefaK agents enert some 
direct effects (either agofilstic of aniagoiaisiic) cm 

cholinergic receptors in addition to inhibition of 
cholinesterase- At the somatic neuromuscular junction. 
e.g., muscle twitch stimulant effects of neostigmine are 

attributed to direct receptor activation as well 4 i§ to 
choliaievbenKH; inhibition, The direct effect is ran uni¬ 


form throughout the body. Neo-tog mine, like DFP. is 
irwotkfllly inactive; in the denervuted eye. Effects of 
physostigimne. a tertiary amine, cun be explained 
almost entirety by its aiilicholin^sterase activity, 

MOUmUft, The enzymatic interactions of AOiE. 
ACh. and cholinesterase inhibiEcm are shown sdhemtt- 
ically in Fig. 7.5 and can be summarized as foJkfM 
i Taylor 1940 b, 1991; Lnestrosa and Pterelnum l L >AJ: 
Massoulic et ul. 3993). AChli anTAfliris f|wo active sites 
Ihul recognize specific parts of the ACh mnlectilc: an 
anionic (negatively charged} region where electrostatic 
binding occurs with the cationic nitrogen of ihe choline 

moiety, mi mtxmvnk site w-Jtere ik crahM-xyl pinion 

of the aedyl ester hinds to if hy covalent bonding- After 

ACh-AChF- inlwaciion «cUP. the choline portion is 

split off. leaving the acetylated esteratic site. Acetic 

acid is rapidly fa r med as water reacts with rh^ aceiyl 


group, and the enzyme h thereby reactivated (Wilson 
1954). 

Neostigmine, pti^ipnivw. kaJ other carbamate 
dcnvaih'cs inbcract with ihe anionic and eslcratlc sites of 
the enzyme, thereby preventing AOi Irom affixing to die 
enzyme. Neostigmine and physnstigmine are heliet ed to 
be hydrolyzed in a manner sunilm* to but much slower 

than (hat of ACh (Wilson et al. i .c., the alcoholic 
portion of the anticholinesfiersiae comp Hind is split off. 
leaving u CLirhamylated estcralic site. A carhamic acid i^ 
then foniK'd upon reaction with wafer, and the enzyme is, 
re gene riulcil (Fig. 7.5). Although the rate of ccmbiilfflioil 
of inhibitor with AChE h only a few times slower than 

the analogous comhinatLon of ACh with the enzyme, Lhe 
rate of hydrolyHiH is probably over Uf Limes faster for 
ACh. Therefore, neosligrmne and relaled thugs are 
reversible diolLneslerase inhibiiors as a resuli of their 

acting a_s competitive substrates hydrolyzed aL a much 
slower rate chan the cntlogeilous subsunik? ACh C'Tfiylor 
IWfhi, 1991; UasBOiihe ot al. 3993). 

Edrophonium and ictracihylaninionium inns arc 
complex and simple quaternary nitrogen compounds 
K^ecthfdy that inferavc wifh fJw anionic vile of 

cholinesterase. Therefore, ihey arc iudI hydrolyzed but 
act as simple compelilive reversible inhibitors. .Acencd- 
ingly, the dural ion of act km of edrophonium is much 
shorter (hun that of rteUBligmivK w physosligminc, 
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Ch^anophosphute cumputuids interact with AChEi at 
the esteratih: site and form an extremely stable enzyme- 
inhibitrir complex that duev nut undergo significant 
vpOfflallfcuUs disassOciiiLioii. The esleralit: she is persist¬ 
ency phosph«rylated, and recovery i>f choli.neswr.ise 
activity is dependent upon Jr »w syoihesis of n*w 
auym .Some LVganophL^h^ccii (e.g., ^choi-hciifittnieft 

may interact with berth Ihe anionie and csteratie siies. 
Because cholinesterase synthesis requires days., 
organo phosphates- cause an irreversible inhibition. As 
discussed below, however, certain oxime compound* 
exhibit such high affinity fur the organophuvphate Lhul 
they tan actually cause detachment of the inhibitor 
from the esteratie siw. muUmg in ehuliiwsterjw? reac¬ 
tivation i(s« Fig. 7.-8> s 

Fhammmeuxmc Effects, BlltaarMeMtm 

inhibitor* can he reliably predicted by considering the 
anatomic location of cholinergic nerves and the respec¬ 
tive physiologic processes they modulastc in their inner¬ 
vated cells. ParasympulhumiittSdc (muscarinic! effects 
of these agents are equivalent to the effects associated 
with postganglionic parasympathomimetic nerve 
impulse*. Choliitaiera&t: inhibiior* abooitatf intensi- 
Fieaiion of ACh activity ai nieotinic sites. Therefore, 
thesedrugs can cause the following edbett: stimulation 
of postganglionic muscarinic receptors- of effector 
cells, resulting in typical parasympathomimetic activ¬ 
ity;, stimulation of adrenal chromaffin cells to divchaige 
catecholamine* into the circulation; initial stimulation 
iifkl uihtheqitou depotlrizstkHi block of nicotinic recep¬ 
tors of autonomic ganglia and skeletal muscle fibers; 
and marked CHS cholinergic effects. 

AlLhcpugh all these aeiivines can be seen with exces¬ 
sive doses, therapeutic dinses usually result in more 
selective actions, e.g., neewtigmine and other quater¬ 
nary nitrogen compounds do not easily penetrate Lbe 
blood-brain barrier and therefore exert lillle CNS activ¬ 
ity The** compound* n retstfrdy nun active N 

nicotinic receptors of the skeletal neuromuscular junc¬ 
tion than at muscarinic sites of aulonumic effector 
cells, Tertiary amines and negannphnsphates are less 
lipophobic and cun cross the blood-brain burner and 

evoke CNS effect*. That c«mp<5unds are relatively 

more active with low doses at autonomic receptor sites 
than on voluntary muscles. 

Reversible Inhibitors PhyxnttgmbH, USPCFserincfc 

is an alkaloid extracted from the dried ripe seed of a 
vine. Phi'irKtijtma lyw nnsunt, which glows in tropical 
West Africa. This seed, also called the Calabar of 
“ordeal" bean. Was used by tribal Africans in witchcraft 
ordeals. A person accused uf a crime was forced tu cal 
the bean. If vomiting occnmd, the secured did DOl die 
and was considered innocent. If there was no vomiting, 
however, death resulted and the suspect was declared 

guilty. 

ftF#ri.vu 'mint Bmmid*, USP i Prostigminc^ is Ihe salt 
of a synthetically produced vubslance discovered in a 
research investigation of compounds structurally 


CHjNHCOO 



CH 3 CHj 


PhyMKli^r^jn# 


(CH,),NCOO 


xr 


NlCHj), 


Xw ri^miiw 



* 
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related to physostigmine. Pfiysosligminc also can he 
synthesized, fidnphwnm CUoride h USP tleusilon). 
is a synthetically derived agent that produces pharma¬ 
cologic effect 1 ' similar Co neostigmine accept that iLs 
duration of action is considerably shorter. It is used pri¬ 
marily as an anlicurare agent. Pyritbysii^mii if Bmm&tc, 
U5P (Mcstinon, Regonol)^ and AiNAmuNJuivt {'hlaride, 

t_LSP (Myleluise, MyNuranK mv moderately k>ng acting, 

chemically synthesized cholinesterase inhihitnrs used 
primarily in management of myasthenia gravis and 
curare over-dosage. The chemical structures of 
physusLigmine. neostigmine, and edrophonium are 
shtiwn in Fig- 7.6. 


MECHANISM or Action. These ligents produce their 
effects by combining with cholinesterase and thereby 
preveridfrog the enzyme Irom hydrolyzing ACh. ACh 
released -during normal cholinergic nerve impulses has 
a pm longed and uninterrupted action upon cholinergic 
receptor*. The interaction with cholinesterase is 

revenJblte* so a* the inhibitor-enzyme compln breaks 

down, the enzyme is reactivated and it will now 
hydrolyze ACh and terminate its activity. At certain 
sties, neostigmine may act directly on recepture and 
evoke release of ACh from nerve endings; however, 
these are considered 10 be secondary actkn§ r 

Puarmactu .oaic Effect? 

DOST1VE TRACT. Physostigmine and neostigmine 
came eoniraciion of smooth muscle, thereby increasing 
motility and peristaltic movements uf ihe gut. 
Frequency and s-lrtuglh of peristaltic wives are 
increased, und movement of intestinal contents is 
accelerated. Physostigimnc Jins been used in animals 
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fur initialing peristaltic movements and tvaeuuLing iIk 
digestive tract, Gnmun peristalsis leading to 
inles-linal sppsm -Pud colic cnmpl icates use for this 
purpose. Fhysostigminc is given by SCor IM injection: 
its action after oral adminisLraliun li unreliable. 
NeosLigmme is nm absorbed effectively after oral 
adminisiTmion because of its quaternary nitrogen 

HtrucTure. 

OCULAJt EETOCTS. PfiyKC-sli ^nl i ih-: Causes pupillary 
constriction and spurn of accom mndation when j 
applied locally to [he eye or v*hen injected for systemic 
effect, lacraocular pressure deercves. and physnstig- 
miiK has been used in Lrculiiig gjaucmia lo relieve ele¬ 
vated talraucukar prasuie. 

SKELETAL MUSL'Lt. Uesides it* mujur aetkn of inacti¬ 
vating AChE at She MhAltic myoneural junction, 
re o*i iginlne is believed 10 directly stimulate nicotinic 
receptors of skeletal muscle libers. PhysoHLigmine is act 
active in denervated muscle. The skeletal muscle effects 
of ncosligminc are relatively more pronounced at low 
doses than the smooth muscle effects of this. igeol 
Twiichi :jog of skeletal muscles may be observed when a 
large dose of physostigmine or neostigmine is inject!. 
Physosiigmine, reosiigmine, pyridostigmine. and 

cdjrophunium are AfltkuniV agents: they -iure anlago- 
nisls Co d-mbocurarine aud mher HOdepollliBlni 
(competitive) neuromuscular blocking agents at the 
somatic myoneural junction. Tltcu: drugs- can be used 
clinically to counteract an excessive dose of Lruc 
curari mimetic agents but should nut be uve-d in 
attempts to antagonize the depolarizing neuromuscular 
blocking agents aucdnykboliiKju since syner¬ 
gism may actually occur tsee Chup. ®)l 

OTHER EFFECTS. A therapeutic due of phyMisrigmire 
or neostigmine docs not produce pronounced effects on 
cardiovascular fund ion. Effects of higher doses are 
complicated by concurrent ganglionic stimulation and 
BHUClrinic effects on the heart and bluud vessels, Utu- | 
ally, hypotension ansi a bradycardia leading to arrhyth¬ 
mias are produced. Smooth muscle of the bladder is 
chollnflygily innervated and therefore is contracted 
by cholinesterase inhibitors, lirunchiular smooth mus¬ 
cle is also contracted by these agents. 

Clinical Uses, Physostigmi** Salicytau, USP 

(I sop to Emetine), nr Phyimdipminr Sulfuir, ITSP, can he 

u^d to product mink of the pupil end redoce hdnK- 
ular pressure in the treatment of glaucoma. A solution 

of (X5- \% physnsiigmine salieyLaie can be applied top¬ 
ically three times a day. The maximum miotic effect is 
obtained within an hour and may persist 12-24 hours, 
depending upon the dosage. PhysosLigmiiie may also 
he pK^d alternately with Itropinc ILP prevent or break, 
down synechia formed between lens and iris, such as 
occurs with periodic ophthalmia in hurvev 

PhyMisEigumt? haft heeii used in ;i St 1 ehiM* caf Tf 1-45 
mg in cattle to stimulate ruminal activity in treatment 


of simple impaction or nonobsiruetive atony. 
Physostigminc, neostigmine. pyridostigmine, and edro¬ 
phonium can he used to overcome the effects of true 
curare-like drugs in voluntary muscles-, but the latter 
Wrtk agents are used mure commonly for ihis porpon 

(Chap. 8). 

Neosligmine has been used extensively in treating 
myasthenia gravis In humans. In myasthcnia-likc syn- 
dfcmn in ring*, neostigmine has also proved benclicial 
(Halt and Walker 1<J62). Marlow (1977) reported prob¬ 
lems in conErolllng signs of myasthenia gravis in a dog 
treated with 6(1 mg neostigmine administered orally 
twice daily; difficulty was encountered in differcnLial- 
ing myasthenia crisis from cholinergic crisis. The for¬ 
mer indicates an exacerbation of muscle weilkness dis¬ 
ease, whereas Che latter refers to uverdusage of the 

tholiraterue inhibitor with its attendant muscle 
weakness caused by excessive aceumulatimv of ACb at 

ihc neuromuscular junction, Edrophonium, because of 
its brief duration of action, has been used Co differenli- 
atc cholinergic and myaslhenic crises in humuns. If IV 
injection of ihis agent improves muscle ftuctkM, myuv 
Ibenka crisis, is. indicated and the dose of cboUmtHiK 
inhibitor used in mainlenance therapy should he 
increased. However, if muscle weakness is accentuated 
by edrophonium, a cholinergic crisis is indicated and 
the dose of the eholireslerore inhibitor used in mainte¬ 
nance therapy should he reduced accordingly., 

Impaction or other ntatmciions of the alimentary 
tract constitute a atnlraindicaLtufi Lo the systemic use of 
cholinesterase inhibitors. Violent perivLuls-is produced 

by time drugs cun cause rupture or Ittscsusccptiofi of 
Lbe gut. These drugs should not be Died during preg¬ 
nancy, partkularty laic in lerm, hceai \sc of the danger 
of producing abtHfrai. 

TOKJCOLOGY. I-urge doves of phyvnstigmine first 
stlmulalc and then depress- ihc CMS; small so moderate 
doses have little effect, whereas massive doses can pro¬ 
duce ccmvulsiunK Neostigmine docs nut truss the 
Hood-brain barrier lo an appreciable extern. Toxic 

dow of these agents produce marked skelela] muscle 
weakness, nausea, vomiting, colic, and diarrhea. The 
pupil is markedly constricted and fixed. Dyipoea is 
duracterisdcally seen from nonrietkn of iIk brum 
dhudir musculature. Bradycardia ^nd lowered hlood 

pressure are alwi dundcristk signs,, Respiratory 
par.ilysis ciLiiscxl hy depobrizalioa block of the newo- 
mucculiir junction and eonif^iuruled by emu hronehi- 

o|ar hccr^ciotih- is ihe usu^il ljuus^ i&t dc^rh. Ainipiiic is 

the most efiktin pharmacologic antagonist for 

physLPftiigmme iw nemiigimme ni\:l-i[v. 

Orgnniiphnsphuruh ( om(h.umrts. Diisopmpyl tluo- 
ropbusphate (diisopropyt phosphorolluondaCe, DEPj is 

tlie pnkriyplcil csrganGyphnspKiUe -iml iclndinestcnise 

agenl. Related compounds include the alkyl pyrophos¬ 
phates such as hexiicthylLctruphosphatL". telraethylpy- 
rof^hispliale I'TEPP). umJ CK'tumeLhyl pynjphLKvphurte- 
tramide (Taylor H99I)- Org.anophosphate!h were 
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TABLE 7-2—SErtPcttiri.il formulas of several oruano-plic^phiitv antLcholinKtera-4* igeoiN 



R f X 

Gaml fcrak 



R, 

X 

Ag-ml 

ttopnoyl 

Pinattdyl 

DinMflhylajninu 

LsoprLipvlaniiihh 

Bmtayl 

Isnpnipvl 

Muihy r 

BtfKnlyl 

Ixopntfiylaaninii 

Vtimyl 

Flunk 

Ftgnidc 

Cyanide 

ranridc 

S-CMM mcthyliim irwelhyl) 

DFP 

S*man 

M4pnlbx 

EchoihkfhaLr 

Sara: Modified town Willc 

iy?]. f. free. 




(CHjJjCHQ^ O 

ch; \ 


c^.o y i’ oc,h, 

CjHjO OC 2 Hi 

Tetraethyl Pyrophosphate (TtPF) 


C,H,O x 

CjH "M3 no, 


PzuaiNijis 


ch 3 o x s 

V O 

CH ,0 ""S—CHC—OCjH, 


CH 2 

Mtliihivi 




O 



th 


I 


FIG. 7.7 — Rcprc-wMltatitf Itmotiuil formula! for urgaran|lhfri(HaalL- Limipiiiiiid*.. 
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originally inLnsduced as pesLLCitks hy fkiman scien¬ 
tists prior In and during World War Ti: however, ihme 
was considerable speculation by many scientisls us to 
ilk! 1 potential use of chest highly toxic substances- as 
anflipervonncl (kvioa in chemical warfare. Subse- 
qucnily, a wide variety «f (xpmpintpborui com¬ 
pounds have been synthesized and extensively invcsii- 
giUlcd. Some erf the more import mil of these used as 
pcsliddes* are parallkion [Thiophos, diethyl C>H4-nilro- 
phcnyl) phnhphamUiioaLc]; inalalhion [O.fT-dimethyl 
S-i. L2-dlLtarbethosyelhy]? pbiisphnr-odithLciaLcJ: rtHinel 
I^.O-dimcthyl OH2,4,5-trichlomphcnyli phospho- 
roftuuute \: and Co-ral. Soman, tahun. and sarin arc 
eiEverndy potent synthetic compounds that have been 
referred to as nerve gases. DichLorvos (fLft-dimerhyl- 
2.2-dichloniv ioyI phosphate or 2.2-dichloruvioyI 
dimethyl phosphate) has been used 111 an oral 
anthtlminik in vTCieriuaiy medicine and impregnated in 
fka coUsin* as a pesticide, 

Although the chemical structures of organophos- 
phulc compounds vary considerably, the basic moiety 
is a phosphate wish, various organic groups attached Eo 
H. as described in TkMe 7 .2. Representative structural 
fuifclMllft art shown in Fig. 7.7, 

Mechanism of Action. Effects, and TtfluCttr. 

Organophosph-ales act us irreversible inhibitor* of [he 


wliDCrteriH* in mammals. These compounds irre¬ 
versibly phcpspjlury lultr I ho estgfKtlc silt' nf both 

AChLL and the nonspecific or pseudocluilinestcrase 
throughout the body (Fig, 7.Kk„ Eodo|enHH ACh is 
not inuctivaled. and ihc resulting effects are due to 
ihe excessive preservation and accumulation of 
endogenous ACh iTaylor i990ii, 1991; Gutman and 
Besser 1990), Organopho^phate poisoning produces 
diffuse cholinomimetic fifTotfU: profuse salivation, 
vomiting, defecation, hypcrmotiliiy of the G1 tract, 
urination, bradycardia., hypotension^ severe bron- 
cboconstriciion, and excels bronchial Kcntjons. 
These signs reflect excess iclivalion of muscarinic 
receptors of postganglionic parasympaihelic iwufQCf- 
t'ector junctions with typical parasympathomimetic 
actions. 

In addition lu- the muscannic erteiLs* skeletal muscle 
fudcolfllkmi, twitching, and. tubHqunfly, muscle 
paralysis occuf -1 Hmc effects :ire due to |K r n*i*icni 

excessive stimulation of the nicotinic receptors of 
skeletal neuromuscular junctions, resulting in Lhe depo¬ 
larizing type of striated muscle paralysis [Gutman and 
Besser I99IJI, CoBVlhiou and frequently death are 

wen in orgjuhiplhispfnae panofig, caucd by pcaeira- 
lion of the agent into the CNS and subsequcni intensi¬ 
fication of the acLiviLy of AGh ai OiS sites I Gutman 
and Baser 1990). 
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FAMk DFP interacls ineveisibly with the Memk Hi* of AThE to yield a jihi^pbiwyLiUMl enzyme mnifiics wilJi virtually IMP 
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iog an ihePjtom; the a me- ph ■ ■ - phn ’Ol al C i* split ttfT. yielding a negeneriiUsiL vn/vme The? numbers in |Kut-nClieh£i refer In n-l- 

alive rase* of reactions (Taylor 1990a: Ircsliasii and Pfcrelman I99(h Missoulic el ol. 1993). 


Antagonists AND ANTITOTCS 

ATROPINE, Because armpiEW blocks muscarinic 

receptors-, it not only lessens severity of the 
parasympathomimetic effects hut also increu.M:> the 
iju-uiililyoft^iintiphij^phaLe required to produce death; 
e.g., the ratio of the median lethal dose (LD ta | of sarin 
in uia'©pifHf-created dug* m the LP m in noniiirnpifti/ed 
dogs unity be I SB: l (DcCandule mid McPhail 1957). 
These ratios- vary wiLh the animal species and 
nr^annphn*phaLe, but aJrupine is alrtlu&l invariably 
beneficial. In addition, because atropine is a 
competitive antagonist Co ACh, large iiTC effective 
even if administered after exposure so m 
ocgaDophosphate. 

Cl-COLE NESTE RASE REACTIVATORS. Although phos¬ 
phorylation of the esDeratw: site of cholinesterase by 
□rganopbosphahs yields a normally irreversible com¬ 
plex. certain compounds cause a dissociation of the 
enzyme bondage. PrtdidoxlnK ipyTidiiie-^-iildiixiifie- 
mcihiodidc, 2-PAM) was synthesized based on struc¬ 
tural requirements pustulated by Wilson (1958) to be 
necessary for ;i selective antidote to urgam.iplHispha1.e- 
dntimterase interaction. This compound causes an 
effective iltouvuL of the phtM^phate ;jiuup from the 
enzyme, so the enzyme is reactivated (Fig, 7.8k This 

and related oxime compounds are undoubtedly the 
most valuable adjunct to atropine therapy in trailing 
organophosphace poisoning; e.g., preirealmeut of ani¬ 
mals with 2-PAM Increases by several lime* the LD W 
of various organn^hraphalcs. If atropine is given in 
conjunction with 2-PAM. the lethal dose is increased 
many more limes. 

Similarly, arums!* previously exposed to toxic doses 

of organophosphales experience considerable improve¬ 
ment after treatment with 2-PAM. In dogs, 10-20 

mgfkg 2“ PAM administered by alow IV injection is 


usually effective: this, dose may have to he repealed. In 
hones and cattle, 20 mg/kg and KMC) mg/kg respec¬ 
tively are used. Since 2-PAM significantly reverses the 
combination of ngpnopbosphale with cholinesteruie. 
the reactivated enzyme can Lhen perform its non rial 

function. The phoaphorylated enzyme complex tends to 

age with time and to become resistant to reactivation by 
oximes. Thus treatment with 2-PAM should not he 
delayed once oiganopliospbaLe intoxication diag¬ 
nosed. Although treatment wiA 2-PAM ikHK tm been 

used successfully in human incidences of urpnophos- 
phate poisonings atropine should always Ire used first to 
block muftcariik receptor *iies. 

Various other rncdvalor oximes such as pyridme-2- 

aldnximc dodecainJide (designed fnc CNS effects n, 
nioniusLmiirin^;iacctLine, and dLacetylmonoximc have 
alM.i been investigated. Oxime reactivators arc probably 
LnelYective m antagonizing the curbamate 
cholinesterase inhibitors and in some eases apparently 
can act synergisticaJly, 

Clinical V%m of Okoanophwfhate-s. 

Organophoxphanis compounds have odnevtd wide¬ 
spread use as anthelmintics and pesticides because they 
are highly toxic to a w ide variety of internal ;hmJ (exter¬ 
nal parasites. Ilieir inlroduclkin m the late IMOl and 
1950s hud considerable impact on pest control. Con- 
currenl with their widespread use. however, is the 
pcHenlial for immediate arni'or delayed damage to 

humans, domestic animals,, and wildlife, The Geologic 
impact of organophsisphaie pesticides has received 
considerable attention from various conservation 
organizations, and there is some evidence that certain 
of tire compounds may be turnorigenic when given in 
large dffia to ex peri menial unimals. Oiehlorvos- 
smpregiuired collars can nMCusLiinally puw 1 liypefstnsi" 
liviiy skin reactions on the animal s. neck and. less Inc- 
quently. Oft pel owners. 
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Organophuspliates wdl as DFP and TEiPP hu\c been 
used locally tOCQldrict Che pupil in human puiicnls. fnr 
trealmcnt of glaucoma; OFF (0,1% in peanut oil) and 
eohodiiuphale tphnsphnline iodide, 0-03™0,Z5% will- 
Krone) are sometimes used for this purpose in dogs„ 
Elicits of Lhese compounds- Lire relatively long lasting 
and thv dosage muvt be carefully controlled. 

PRECAUTIONARY NOTE ASMXJT CLINICAL US&5 OK 
rnoi.INKSTER ASF. INHIRITORS. As repeatedly em¬ 
phasized. diolmestcra.se inhibitors are highly metivv 
molecules capable of influencing functions of cholm- 
ergit nerves throughout lhe body. This if; particularly 
true with chc ttguropbacftlyriH. At m time should 
their diniml br be considered as un innocuous pro- 
ceduf. Care BbooU always be takes by Lhe dkiciu 
to injure that the ptfrieni is not exposed either to drugs 
that urc metabolized by cholinesterase (c.g., suceinyl- 
•trhulimr} ijff to other cholinesterase inhibitors (c.g., 
pesticide dips or spray si for several days before and 
after administering cither a reversible nr irreversible 

antidoliiesteme tgcui. If ml. Krimu and wen fatal 

synergistic mteructiuns can occur(Hincs cc al. I9&7). 

Chher type* of dnga (e.g„ phrmortiiarine binquliz- 

ersj may decrease cholinesterase activity as a poten¬ 
tial side effects their concurrent use with anti- 

chtdinesterahC ill Ugh dlLHiLd Ik: LSYLMrfpd lit £Eitt*dy 
monitored. 

Severely iLE. debilitated animals should not be 
imposed to a cholinesterase inhibitor except in cmer- i 
gncy situation-*. If hepatic disease is pr-c-senLed. syn¬ 
thesis of chofeoaterw my be markedly reduced ami I 

tfcdl of cboliiretteciK inhibitors cun be intensified 
and/or prolonged. Respiralcsry illnes-s may be exacer¬ 
bated by excessive brxHR'hiolar constriction and secre¬ 
tion. Abort™ nitty occur,, particularly during the latter 
gestational periods. Because of the potency of 
chnUnmertK inhibitors. especially ufgunnphosphate 
Cortrptumds. care should always be taken to ckwcly fol¬ 
low the nnanufaeturej’s individual dosage reCtiOUIKf]- 
daliuns und procedural directions. 
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Atropine and Srapnlamlire. Atropine* the prototypi¬ 
cal muscarinic Hocking igem, is urn uEkakmJ extruded 
from the MMoana plums chal belong lo the 
Sol^naeeae (pauilo family) and include Alrapa bel- 
htdorwui t deadly nightshade):*. Durum Mnutumutm ijim- 
MNlWcetfL and ftyoxyOMHS nigtri henbane)* Alkulotds 
obtained from Alrttpa bflkkkwia arc atropine (which 

is a race rate mixture erf J-byracyiniine and I- 
hynseyamine, rectlllixaikNl occurring during Lhe 

extraction procedure)* scopolamine ^-hyoscirK-j, and 

tubers of lesser significance. Because atropine is actu¬ 
ally an equal mtutvn of rf- uiu.d 1-hyoRyuuliK and the 
dertro form of hyo^yamitw is biologically inactive, a 

given quantity of atropine is aIwml Lave-half as puu-nL as 
the same quunlity of /-hyoocyamine. Despite the inac¬ 
tive dextrorotatory component, atropine is nevertheless 

eUective in very small doses. Chemically* the itnpiu 
molecule consuls of two ntnpoKiiti joined: through 

an etfcr linkage: UUpilttr which is ;ui Ofgftnk base. and 
tropic add. Other related 3 ]ka]L>ids fllwcMtjin Ihe WON 
malic tropic acid moiety combined hy cslcr linkage io 
eilher tropine -nr another or gini c h^se* ttopiic, The 
cl wo pica I strwrlures iH' atropine and scopolamine ure 

given in Fig 7-9. 


PARASYMPATHOLYTIC AGENTS, Parasympa¬ 
tholytic drugs prevent ACh from producing iLs charac¬ 
teristic effects in structures innervated by postgan¬ 
glionic parasympathetic nervet They also inhibit 
effects erf AL'h on smooth muscle cells that respond to 
ACh bul luck Cholinergic innervation; i.e., these dmsps 
inhjhit sfuy muscuriiliic actions of ACh and related 
cholinergic ugotfiistN, In fact, "muscajink: Mbckhtg” or 
'"ajitlmuscarinle" is actually more cntnpkiely dcKfip- 
tive of the effects of ihi^ group of drugs ilmut is 
‘“parasympathoI vlLer' heeatisc muscarinic recepiLPrs arc 
blocked irrespective of whether they are innervated hy 
u purasympuLheLit nerve* Clinically, however, these 
drugs ure used almost exclusively for their pardHympiir- 
[hojytic KtivltfeL Tins group of drugs includes 
atropine and related alkaloids gmdi numerous syntbdi- 
cully derived compounds. 


Mbckantsw ok Action. Atmpin* Suable, USP. 

Scopolamine HydwbFvmbte r VSP (Hynchek and 
other reflated alkaloids interact with muscarinic rcccp- 
lors of effector cells and by occupying these sites pre¬ 
vent ACh from affi sting lo the receptor area. Physio¬ 
logic responds, lo pinnyipuhttic nerve impulses are 
thereby jtllenuaicd. PfiaiMcnloye effects of esoge- 
nously administered ACh and other muscarinic ago¬ 
nists are Himiltuiy blocked by atropine and scopo¬ 
lamine. Although muscarinic receptors have been 
divided into ML M,. M, and perhaps other subtypes 

tCIhassaicig el at. lyK4-; Hruwn | llw utility of this 

nomenclature to clinic.al veterinary nredk k iihc is unclear 
at this time. 

Blockade of muscarinic receptors of smooth musicfe. 
cardiac muscle, und glands by atropine-like drugs 
involves u cumpeiitive antagunism. Therefore, large 
doses of ACh or tflher cholilioilllfutk drugs (o.g.. ear- 
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hachok cholinesterase inhibitor*) can overcome or sur¬ 
mount inhibitory effects of airopdne at these Bitn, 
Although atropine and related compound s ac1 imme¬ 
diately distal to all ixisngangl ionic cholinergic swerve 
endings, ibis, block is not equally effective throughout 
the body. Salivary and cholinergic iwcal glands ore 
quite vusucpuhle to small du-ses of atropine, whereas 
somewhat larger doses are required for a vagolytic 
effect upon the heart. C 31 and urinary tract smooth mus¬ 
cle* are less sensitive to atruftine, and even larger 
dosages arc required to inhibit gastric secret bon. Except 
for effecls un salivation and cholinergic swelling, il is 
difficult to aditeve a selective action on targeted strm> 
cures without eoiwurrcntly inducing side effoa* on 
other, more susceptible sire*, Net pharmacologic 

effects of atmpinbe drug* in a particular orjuiii arc inffu- 
enoed hy ilv relative dominance of panssympaihetic or 
sympathetic lone in ihal srtfuelune, After cholinergic 
impulses are blocked, adrenergic nerves become drmii- 

nanl and syinpathomiimeiic-like effect* may contribute 
to the final dTcd 


PH ARM A/00 LOO 1C EFFECTS 

CARDIOVASCULAR SYSTEM, The usual therapeutic 
dosfia of atropine do not markedly affect blood 
pressure: however pul m: rate is altered. fkhjiGBidii is 
the dominant effect, and large doses of atropine 
invariably produce an increased heart rate. Small doses 

may initially produce u flight slowing of heart raw, hue 
(hi* effect h believed to be due to craii&icnt simulation 
of vagaJ nuclei of the medulla oblongata and perhaps, to 
transient stimulation of peripheral receptor* prior to 
their block (Averill and Lamb 1959; Ashford el al. 
1962). The case with which atropine produces 
tachycardia is dependent in part upon the degree of 
vagal tone of the individual patient. Because atropine 
blocks transmission of vagal impulses to the bent, 
animals with a [weexisling high vagal tunc would show 
a relatively greater tachycardia than those with low 
vagal Cone. 

Cardiac i.mLput tends to increase with atropine pri- 
mrily because of increase in heart rate. Arterial blood 
pressure either remain.* unchanged or Increases lightly 
in a normal animal. En animals os posed to exogenous 
ACh or other eholinnfni melius (c.g., eholinesierase 
inhibitors), atropine can cause a relative increase in 
blood p re S'-tire, because rfliBCuink effects of the ago¬ 
nists will be blocked.. Also, atropine unmasks Ehe 
hypeden-Sive response to high experimental d arm of 
cholinergic agonies resulting from their nicotinic 
effects (see Fig. 7.3). 

Because atropine block* the cardiac vagus, ic 
markedly reduces or abolishes, cardiac inhibitory 
effects of drugs, acting through a vagal mechanism and 
will attenuate vagal-mediated reflet responses. 
Accordingly, the pressor effects: of cpinephrifK and 
norepinephrine are accentuated in otropiilBsed animals 
by blockade of the cardiac limb of vagal-harorecepior 
reflexes. I ,arge doses erf atropine are directly depres¬ 


sant to the myocardium and also cause cutaneous dila- 
tirm m a result of a direct vascular smnerih muscle 
effect. 

Gl SYSTEM. Atropine causes relax at ion of Cl smooth 
muscle by inlii biting OMUraciile effects of cholinergic 
nerve impulses. Thu*, aJroptoe and related drug* can he 
helpful in treatment of imicstinal spasm and hyper- 
motility. Inhibition of smooth muscle motility extends 
from stomach to colon, although the degree of block¬ 
ade may no! be uniform. Insofar as nuncfl motility is 
concerned* adequate doses are consistently inhibitory, 
and atropine is one of the few agents that can be relied 
upon to produce cessation of rumen motility. 
Secretions of the Gl tract are also blocked by 

atropine, Salivation is reduced quite markedly. Simi¬ 
larly, secretions of intestinal] mucosa arc inhibited; 
however, gasirie secretion* arc reduced only with 
exceedingly high doses ihal also block virtually all 

other mtBcarinic *ites., 

URtmTlKlLESL Cholinergic innervalion to the bron¬ 
chioles modulates secretion of mucus and CuiMraciiun 

of hroitchiolar smooth muscle. Atm pine and other 

drugs of the belladonna group block effect* of cholin¬ 
ergic impulse* and thereby decrease secretions and 
injcrea.se luminal diameter of Ihc bronchioles. The dttii- 
tor action of atropine is valuable in counteracting cun- 
sUicliun of bronchioles following overdo sage of a 

parasympathomimetic drtig. 

Atropine often will give temporary symptomatic 
relief from the dyspnea of'‘heaves” in horses, and it has 
been used by unscrupulous individuals for this purpose. 
A SC dose of alropine (30 mg) may produce immedi¬ 
ate relief in the horse lasting 1-3 hours; however, dysp¬ 
nea worsens after effect of Lhe drug has terminated. A 
crude form of the drug, such as belladonna leaves, 

administered orally produces it* effect within 30 min¬ 
utes, wi th .a duration of about 24 hour*. When atropine 
medication is suspected, ihc fol lowing sign* should be 

delectable: dry oral mucosa, ddalcd and relatively fixed 
pupils, and tachycardia. 

OCULAR EFFECTS. Atropine blocks the cliolinergicullly 

innervated sphincter muscle of tire in* and the ciliary 
muscle of lhe tens, resulting in mydriasis -and cydopte- 
gha after topical or systems administration. Because 

atropine blocks cholinergic effects, adrenergic nerve 
impulse* dominate and the pupil actively dilates. 
Atropine is contraindicated in the presence of increased 
Intraocular pressure from acute angle glaucoma 
because lhe drainage system of Lhe anterior chamber of 

the eye i* impeded during mydriasis, 

UJtlHAKY TRACT. Atropine relaxes sm^uh nwscle of 
the urinary tract. The spasmolytic effect on the ureters 
may be Of some benefit in treatment of renal colic. 
Atropine tend* j iiiJiiuntie rcLenUun Ix 1 ^lsli"*l* it 
inhihics smooth muscle tone. This effect may be of 
some use in reducing frequency lpP nkieiiiricirio that 
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accompanies vysriiis; however,. Lite deleterious effects 
of only paitklly unptytaf the bladder should he: con¬ 
sidered. 


SWEAT GLAND& Atropine has a definite anhydratke 
action in specks such m humans. who have 4 choliner¬ 
gic mechanism in of sweat ^cretion, and a 

large dm may cause a hyperpyrexic response. 
Atropine docs not directly affect swelling in species 
that have adrenergic mechanisms in control of sweating 
(c.g.. equities) and has minimal effect in species that do 
not use cholinergic sweating as an important compo¬ 
nent of ihernmgulBEkifi. 


CENTRAL NERVOUS SYSTEM. Therapeutic tiOHS of 
atropine produce minimal effects on the CNS. Exces¬ 
sive doses- may cause hall ini nations and disorientation 
in humans anti mania and cttcilcmcnl in domestic ani¬ 
mals. Excessive motor activity foil owed by depression 
and coma k itic usual sequence of events. Scopolam ine 

has a slight sedative effect; when combined with mor¬ 
phine it produces analgesia and amnesia t referred to as 
“twilight sleep'’) in human patients. These effects of 
scopolamine usually are no! detectable m domestic miii- 
malfi. White vreuill dwes may be depressant m dog* arid 
eal.-s, larger doses produce deUirium and exeilemcni in 
these species and also in horses. 


TCKJCDLQCY. There is considerable infterspecks vari¬ 
ation in the tonicity ol belladonna and atropine; the 
route of udimnkLration is also important. Herbivora are 
usually more resistant Chan Carrilvoru. Certain strains 
of rabbits are quite resiMant to a diet of belladonna 
leaves, because an esterase (fliiepulAse) of the liver 
hydrolyzes and Lhuv inactivates atropine. I lowever, rab¬ 
bits fed on such a diet may prove toxic if eaten by dogs, 
cuts, or humans beaut of the large amount of alkaloid 
present in muscle tissues. Horn, cattle-, and goats are 
relatively resistant 10 belladonna when it is adnunkl- 
tered orally; however, these species are quite suscepti¬ 
ble to atropine when it is injected purenterallly. Swine 
are not AsisUinL to belladonna ingested frarti eating the 
deadly nighlsha.de plant. 

Signs of atropine poisoning are similar in all mam¬ 
malian species. Dry mouth, Hurst, dysphagia, constipa¬ 
tion, mydriasis, tachycardia, hyperpnea. resllessness. 
delirium, ataxia, and muscle trembling may be 
observed; convulsions, res pL rat on 1 depression, and res¬ 
piratory failure lead lo dealli. A drop of urine obtained 
from a patient suspected of atropine (nucosis causes, 
mydriasis when placed in the eye of a cat Also, ihc 
rested pupil will not cnnstricl when exposed to li^-hL. 
while the untreated eye will. This simple procedure 
may prove helpful in the differential diagnosis of bel¬ 
ladonna intoxication, 


Clinical Uses. ParasympaLholytic drugs are used to 

coniTol smooch muscle spasm as- uncispaxniodics or 
s|-iaofiiMi|yiics. Amtispnmodks can be used to decrease 

or abolish Gl hypcmnotihly and depress hypcitcmieily 


of llai: uterus, urinary bladder, ureter, hale duct, and 
bronchiole*, Parusyiiipalliolylics ait not as effective as 
epinephrine or other adrenergic amines in dilating the 
bronchioles but atropine is effective in anragoAidiig 
excessive cholinergic sliniulaLLon at these sites. 

Atropine is used rvmiiiiely M an adjunct to general 

WHdiakn particularly with inhabm anesthetics to 

decrease salivary and airway secretions. Also, atropine 
is frequently given in conjunction with morphine to 
reduce salivary secretions, that may he produced by the 

taller drug. When me d prior to anesllKsta, the close of 
air opine in dogs is 0.045 mg/l;g. administered subcuta¬ 
neously,, 

The newer inhalant antiSlhftks produce minimal res¬ 
piratory irritation, and bfonchkdar secretions are vun- 
sJrierably loss pronouneed uhan with older agents like 

eiher. Thus the routine preopenative use of atropine in 
all patients has been questioned, especially bsciSK this 
drug may increase ihe potential for certain curdLic 
arrhythmias. Moreover, use of atropine ip cuttle often 

results in several days of inappetence concomUaiii wrdi 

postoperative rumen stasis |Gamer et al. 1^73). In the 
horse, use ol atropine is sometimes questioned because 
of the possibility erf reducing intestinal motility to the 

degree that colic develops* (KLuvano I97S), However. 

some clinicians cautiously use IV atropine (0.01 mg/kg) 
to prevent the second degree heart block induced by 
xyla/mc in horses. Because of the incidence or potential 
for anealheEia-nssocLatcd tachyarrhythmias with 
airtipine, gly copy rrul ate (see below) has been advocated 
ils an alternative lo atropine for muscarinic h Lock ad e in 
run l ine pre-uneslhelir medication. 

Atropine is used routinely to facilitate nphlhalmn- 
scupte exauti nation of internal ocular structures and 
functions and also for iTealmt-nL of various uvular dis¬ 
orders. Homatropiine liydrubriimitk, because of its 
shelter duration of action, has largely replaced atropine 
for ophthalmoscopic purports in human pabents- 
Applblkn of a few drops of I-2T solution of atropine 

into ihe conjunctival sac causes mydriasis within 15-20 

minutes. Maximum pupillary dilation occurs in about 2 

hours and rflav he detectable for several daw. The time 

■> ■ 

course of the cycloplegic action of ulropine is similar to 
that of mydriatic action. My'drialics like atropine are 
helpful in preventing or breaking down adhesions 
between the iris and die lens when used alternately 
with miotkes. 

Atropine is- an essential antidote lo anti¬ 

cholinesterase menlosege or poisoning. 

Synllulie Muscarinic HlocUnf Agents. Synthetic 
muscarinic blocking agents were chemically synthe¬ 
sized in attempts lo lind atropine substitutes that would 

act selectively at certain muscarinic she* and therefore 
would ham fewer undesirable side effects than the 
alkaloids, 

GLYCOPYRtRtOLATt GlwtfpyrnthHf. NF, is a quater¬ 
nary niirog.cn anticholinergic sgcnl that has received 
attention Ibr preanesthettc use in veterinary medicine. 
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IL -exerts pvtOVl mUimus^arink activity bm reportedly 
hu_\ some benefits when compared lo atropine, The 
tachycardia response b&soclbAjccL with muttCtfinii: Mode, 
ill Che SA raxle, e.g M seems to be somewhat less of ;i 
problem w»ith |ly»ppolll)e, In dogs ihnv cesnipesund: 
effectively diminishes (be volume and acidity of g234ric 

secretions and reduces intestinal rmiulityt d also 
reduces and ccHitrnk excessive secret*™ of the respi¬ 
ratory tract. Similar control of respiratory secretions by 
glycupy radiate has been reported in eats, and Us (Jura¬ 
tion of action exceeds (hill of atropine. Also, because of 

its more polar nitrogen moiety, glycopyrrolatc pene¬ 
trates the hUHKl-biain harrier less effectively ihnn 
atropine, with less propensity for unwunLcd L"NS side 
effects. The muscarinic blocking action of glycupyno- 
bu is evident within minutes after JV injsetiuil, After 
SC or IM udmimstriihHin. nutimal effects generally 

develop within 3ft-45 minutes, and vagal blocking 
action can he dcmnAtrated for 2-3 houre. while the 
Mtbiiligcpe response is evident for op to 7 hours. 
The gly^pyrrofate dose is approximately 10 pg/kg by 

ST. IM, or IV rLHt1.es, administered 15 minutes or so 
prior in anesthetic induction (Short et id. 1974; Slum 
and Miller 1978). 

HOMATROPINEL Homaimpittit ffydmtmmide, USP, is 
similar in structure to atropine except chcic it is an ester 

of maitdelk: acid rather than of iroptc add. Humut- 

ropiite elusely lesemhles atropine in most of its phaF- 
moeolo^ic actions, particularly the ocular effects. 
Mydriasis and cydoplGgia are produced in the eye by 
topical application of a 2-5% solution of honuitropinc., 
but these effects last for a shorter duration Lhan those 
resulting from atropine. Homatropine produces fewer 
side effects on cardiovascular and Gl functions than 
atropine and is considerably less toxic (ban the purenl 

drug. 

Methakiwunt, Propastheijne, anp Mmm- 

AHOPINE Airihartthtimr Bmmsilt 1 * USP. Pntpfirtlhc - 
fine Bmmid*, LISP, and Meshytaimpine M'rra/e, INN. 

are quaternary amines used primarily as smooth muscle 

idiiulx, Because of the charged q|naiomary group, 
the*e compounds do not cross the biood-brain harrier 
in on appreciable extent. Accordingly, they are consid¬ 
erably less d&djvr than alrapine as antagonists to 
organophosphates. since the CMS effects of (he latter 
egevns would not he blocked In addition io muscarinic 

blocking effects, ihcsc drugs net as autonomic gan¬ 
glionic blockers, which most likely contributes to their 
anti spasmodic effect on Gl smooth nude. 


AUTONOMIC GANGLIONIC BLOCKING 
DRUGS 

Mi^briiiEsins r PoUewiitg Langley's iitv«tigaLiung< in 
1889, it has been known that small doses of nicotine 
stimulate autonomic pflgHoiy celk ^md Iwger dtocs 

block the transmitter function of ACh al these same 


■rite*. Therefore, ihe cholinergic receptors of ganglion 
neurons have bees classified as nicotinic. Considerable 

evulmra is now available indicating that impulse (rtn^ 
mission wiLhin autonomic ganglia is much more CCim- 

pUcuted than originally believed. Studies halve demon* 

scraiod a secondary csciiatory dntiingk pathway in 
I autonomic ganglia lhal is. apparently muscarinic, and 
an Inhibitory catecbulammergic mechanism has also 
been recorded (Eccb and Libet 1%I; Libel 1970: 
Akiisu I Wi lt. The different pulaliv? pathways involved 
in synaptic transmission in sympathetic autonomic 
ganglia arc shown thematically in Fig. 7.Iff. 

The physiologic purposes of these differcnl gan¬ 
glionic pathways are poorly understood. Evidence for 
participation of dillcreill types of receptors ha* been 

gained primarily from ^wlies of sympathetic ganglia, 
Piirasyinpullietic ganglia are studied lesss frequently 
because of their poor accessibility, The nicotinic recep* 

clnt represents (he primary 9 ganglionic cronsmission 
pathway present in all autonomic ganglia. The mus¬ 
carinic receptors on (be preganglionic neuron may 
facilitate impulse transmission events lhat arc normally 
dominated by the nicotinic mechanisms. The adrener¬ 
gic component may act as a modulator to prevent 
excessiive impulse traffic. 

Nicotine. Nicotine is an alkaloid obtained from leaves 
of the tobacco plant. Nicotine suUiAe, ibe most com¬ 
monly produced salt, is available commercially in an 
aqueous solution dial contains 4ff9f alkaloidul. nicotine. 
ITiis solution long has been designated by the propri¬ 
etary name of Blackleaf 40. Nicotine was Lbe origmaJl 



used clinically for this purpose, Nicotine first stimu¬ 
lates and Lhen in higher doses blocks nicotinic recep¬ 
tors by producing a persistent ckpolarisation of the 

receptor urea, 

ftuRMAraLcxnc Effects 

CENTRAL NERVOUS SYSTEM. Alkaloidal nicotine is an 
extremely toxic substance dial transiently slimulalcs 

smrI then severely depresses (be CNS, Death is from 
respiratory panlysii of Lbe diaphragm and chest 

muscles resulting from descending paralysis and 
dcpotarizoLijon block nf the nerve-muscle junction of 
skeletal muscle. Nicotine is absorbed through (he 
chitimous shell of insects after a direct spraying or after 
contacting a sprayed surface and kills hv paralvsis of 

the CNS. 

t'AUDlUVASCLiLAK SVSTtM, Bolfa cardioaccclcralor 
and cardioinhibiCor nerves are activated by small 
anounti of aiiiotirre, w hich cause stimulation of ill I 
autonomic ganglia. Since the cardioinhihiior nerve 
(vagus) is pieJmnmaijL. Lhe ropnnsc to a small do^:, nr 
the initial response to u large dose, of nicotine is a 
decreased pulse rate.'Because of paralysis ol ; all aulo- 
itQfhk ganglia, the heart rale returns toward normal 

after a large df^e has taken lull effect, and a rdutve 
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PKJr 7,10- Impulus UftHUnO* in syrnputheLk nukfflomic ganglia. AClh is dJscbarg?Mk from the pruganglHHin: nerve terminal 
and ini trails with | nj outran 1 receptor (in the ganglionic neuron toiaurf a rapid ikpulari/aiiuii rtirawird (Mcdy iv;i Kasi 
excitatory pmtsynopLic potential •lEPSP). ACh also bucrafih *fcitfo a imncirMc mepttr cm the jwsLiLinii; neuron to cmjkc a 

delayed -depnlnnHKinfi measured dcviriesilljr * ik)W LPSE In jddibuiih. ACIl iiLirvutes mjartvy dm muffin cells ihmujgfi a 
muscarinic receptor, which results in a release of eawchdaniirti: i'CA. AopHliH ur -epinupbrinu k C'A hmcb with an « 
receptor on the ganglionic neuron dcn cause ail iiihibjDuvy ihypmj w. ilan m l i• mj resptmse meaxiiml eleeuic-nlly as on inhibitory 
poMSYiupm: jKiicinial (IPSP), l ft and 2* indicate primary ^ dkottk) and secondary imuscannici pathw ays of estciiaiory gao- 
tHflUlc IfflwfoM respectively- hfcx m hcunctbanDD I.EccIrs and Libct l^frl 1 Libel 1970; M §M 1974; Aka-su IWJl 


tachycardia muy rcvulL. Similarly, small doses of men- 
line cun cause u pressor response, by stimulation oF the 
predominating sympathetic ganglia Haul furnish posi- 
fangUootc VltOCCWtlktor fibers to arterioles. How¬ 
ever, peripheral vncdllikw re^utr^ from gugKwdc 
block after large- doses. 

GASnUNTBSTWAL. Nicoline activates the smooth 
muscles and secretwy glands of the digestive tract with 
the following clinical signs; excessive salivation. 

Incmed gastric secretion. vtmuLing. increased peri¬ 
stalsis, and defecation. 

skei±tae. Mlisci.Ei. Nicotine initially stimulates nteo- 
linic receptors of Blue motor end-place and in large dost* 
produces a depolarizing muscle paralysis. This effect 
ha.-* been tLved in sttemptl to immobilize wild animals 
for eapntre. 

ACUTE NimTiNfi pnisoMNG. Accidental Infestfc* of 

she 409c. solution of nicotine sulfate results in acute 
ukdtb dmdCnffid by excitement, hyperpnea, sali¬ 
vation. prJ-lst rale irregularities, diarrhea, and emesis in 
species chat vomit. After this transient stimulatory 
phase, a depressed >Laie occurs and is dunttrixed by 
incoordination, tachycardia. dyspnea, coma, and death 
from respiratory paralysis. 

Synthetic f.an^lionic Blocking Agents, Nicotine is 
not used rtinically in animals or humans as a ganglion 

blocker, since it acthUH ikodnk riLe* before block¬ 
age occurs and affects Auctions of various tksues 
throughout ihe body. However, several drugs haw been 


discovered that preferentially block autonomic ganglia 
by a nondepolarizing (competitive) mwhinlML These 
drugs are biK-quateiriary compounds, Le. B 

+ + 

(CH3>^CHJ^W(CH^ 

hi eases Wlieie Lhe ilivtlHiniiLni grwup^ are scpjirillcd by 

5 or 6 vnethykn groopi (Sjbl. n = 5 or 6f s a Bekdve 

site of action at autonomic ganglia is obtained- These 
compounds interact with nicotinic receptors of the gan¬ 
glion celts and thereby block impulse transmission 
-across the ganglionic synapse. Dissimilar to nicotine, 
they do not cause initial depolarization. Members of 
Hips gnmip -of gangliwnk: blocking agents include hexa- 
axdlOfliuffl (n = 6 ; C- 6). penLamethonium fn s 5; 05). 
chkniisondaminc, pentolinium, iriniethidinium, und 
azumcLhcmium. tn addition, there are several other gan¬ 
glionic blocking drugs that are not bis-quaternary ctsm- 
pounds. such us tetraethylammonium Lons, mecamy- 
laminrL 1 . and pempidme. 

PHAnucouxuc Bhpbcts and Uses. BtcauK of 

the hlccikiitk of impulse transmission ai the ganglia, 
effects of ganglionic blocking agents are manifcsicd Lm 
efTecItir organs innervated by Lbe poslganglionlc tlbers 
of the sympathetic Of panasympulhelic nervous system. 
The overall effects l>F These agents on various luncLions 
are Lkpendeiir upon die predominance of sympathetic 
or p^imsympiithetic tone in a particular structure, as 
indvcaied in Table 7.3 i Taylor iWOb). BesfimvC Lhe Gl 
system functions predominantly under parasympa- 
ihetic lone, ganglionic blockade will result in a relative 
par^yinpiitlHilytic effect; ilecrciiwd motUity and sene- 
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TABLE 7 .J— ihLUil pmliiiiiinan^ or mpatlH-tic tit* purusymp^lhciic loru 1 iia furious tissues 

4iifl conseqibefat dTfecMs of autonomk pngllofik Wockaek 

Stmt curei 

PtekMfiiittiii lone 

Hlleels erf gattglLfrfik: tihs. kade 

CordiLivascuLar 

Arterioles 

Sympathetic 

Overall tlepressHHi; bhsek njIluiDueiiK: dian^us 

VflM\iilat i« »n imreaved peripheral Wood flow; hypolenoiofi 

VuMxlalahi*n: punling uf bkKid: deenfa^d vcirhjs return 

Vtins 

SympathuLie 

Ibnt 

Pi r a s y m pot he t i e 

Tochyearcjia 

GasliGHnltrsCiiiu] 

l^unsy niparlhe E i C 

DeLTeasod Usne and nmtilily: CCHl^ipaiiim 

E« 

tns 

Porasy mpaihe c i c 

Mydriasis 

Ciliary rniLvclu 

Paras ympalh^Eic 

Cyclupl^gia 

Uriiiiiry bladder 

PvuynpatlHtie 

Uritkary relent ion 

Salivary glands 

Paras ymporthe tie 

Dry nvmith 

S », eji glands 

Syntpaihecie 

Amhidrusis 


Some Tuytoff I990tx 


Hems aid eandjpaliooi result. Similnri^ because heart 

rate is under dominant vagal lone, a relative techycor- 
diii may result Howem 4 because Lone of peripheral 
Wood ws&cls Ls dominated by sympathetic impulse^ 
vasodilation md hypotension occur after ganglionic 
block. Similarly, the output of cale^holainioe* by the 
adrenal medulla Ls also reduced. Severe postural 
hypotension and even syncope may result. The 
h y p ote Bl w effect has occasionally been utilized in 
mrgfry in decrease ihc chance of hemcm-huige in highly 

vascular areas; however, ganglkinie blocking agents 
hav? achieved no significant purpose in clinical veteri¬ 
nary medicine. 
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Numemus drugs have been identified dlM inhibit Irens- 
mission of nerve impulses at the somatic neuromuscu¬ 
lar junction. Neuromuscular hU^kinc agents used clin- 
L-l-uJ 1 y act by interfering with Ik effectiveness of the 
endogenous neurotransmitLLT actHylchobne ( ACh) to 

activate nicotinic cholinergic receptors of skeletal mus¬ 
cle cells. The end results of this action are skeletal imis- 
clc paralysis -and muscular rckurioii. Neuromuscular 
blocking occults are most often used ua adjuvant*. 10 

anesthesia to facilrteto iratheal intubation. abdominal 
muscle idaxaiion, and orthopedic imnipuklkro* and 

as pun of balanced anesthesia procedures to reduce the 
amount of general anesthetic required. | 

DEVELOPMENT, Developmem of ncimnuuscuhir 
blocking drug? originated with the discovery of curare, j 

a tarlike mixture of plant material used as a poison by | 


Skiuih American Indians. The actual ingredient* of' ihc 
poison for arrows, btowgua dart*. mi spews were 
known only to the local "phafiitaeist" who was often 
the tribal medicine mm or witch doctor. Thu\ the 

Knanical preparations obtained by explorers could not 
be identified m to content; they were simply classified 
tweording to ihe coirtaiiKrN in which they were pack¬ 
aged. TllfeCK para-., or hambon-curare was contained in 
CiitofTbuunhtto tubes; this mixture was usually obtained 
from southern Anna/on tribes. The plant origan of lube- 
curare preparations was primarily Metuspcrmaccae 
{Chondodendnm tiwwntmum)* CaUihush-vuriire wa% 

packaged ip hallow gourds or calabashes; it was Ihe 
most active preparation. Pot-curare came in s,maLI 
earthenware pottery from the central part of Lhe Ama- 

m a bit siri; Lhis wint-nctim* often contained plants other 
than Mtehispermacese, The most importans comtitoHit 

isolaied from curare is, rf-tobcKurarinc. Complete dis¬ 
cussions of Ihe colorful nod interesting history oi 
curare have been presented by McIntyre (1971) and 
Wascr (l$7l) r 

EJngiiud Mudu-s in the nineteenth century by Claude 
Bernard tIS56) detiKiiMruied that curare prevented the 
muscle contraction elicited by stimulation of the motor 
nerve. It did not. however, affect the central nervous 

system (CNS) B present response to direct stimulation erf 
the muscle, or depress axonal amduelujtce. Il was- pro¬ 
posed that curare acted at the nerve-muscle junction. 
Reports, since ihen have MubsLatSiLialed; clarified. ajhJ 
extended observations concerning the neuromuscular 
blocking properties of curare alkatoidk. Early results 
stimulated active research into Lhe chemical structural 
requirements of curare-like compounds* leading to the 

discovery of other types of Deurornutcuhr blocking 
agents, 

THE NICOTINIC RECEPTOR AND STHUC- 
TL1 RE-ACTIVITY RELATIONSHIPS* Neummiw- 

culur blocking agents possess chemical struetural 
groups that allow interaction of the agent w ith the nico¬ 
tinic cholinergic receptor. However, these drugs cause 
distinctly different effects from the endogenous media¬ 
tor ACh. One group of neuromuscular blocking drug?, 
competitive agents, oecuptes, the receptor W that ACh 
cannot aci- The other group. depnkliring agents. Kb 
in a more cnfnplieaied manner and initially flBWI 
depolarization before blockage occurs. 
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FIG 8.1 —thematic i^wfM wD nf the nivoiinic ctiofuKi|k reecptur. The receptor is emb«kted acira* ifcc cell wieinibme 
lipid byflayen presenting o synaptic face to the n cur D cff c g tjgr jwnciicw ihe mm -And innervated cdl» and an intracel¬ 

lular face wadim the cytoplasm. The receptor comprise* a pcjitamerie configuration of four separate subunits with a stoiLhio- 

ciKine niliouf a.pyfi; ill udull fflUsde P-freE. The DC ^uhurlils CCHtukl Hi it primary Iiu jikI hiiltliny; Mto Ii.tt Axm^iiiUpIL □£ 
ujuvlylclioliiic lliiU relalixl uguniLv Subunit urrangLiiinfcl Inmis an EiitL'maJ port L'lin'l al ioWa |3u*%a£i: ;:-l Mzli'ct idil-i iipurt reccpUM- 


ULlivuIum and resulting membrane ik'pnlm i/almn (k£ tfiKlj. Redrawn from UiVrt ili a ai. I 1988) by Dr. Gheorghe M. CmtoLart- 
EiiK^cUfr. University nf Missouri 


Based an general chemical structural characteristics. 
Bou't (1951 ) placed! neuromuscular blocking agents 
inlo two large categories-. One group is characterized by 
large, bulky, and nonflexible molecules; members of 
this group include J-lubixumnne. dimethyl (or 
tri methyl) tubocurarin*, gallamine. and pancurofiiifln K 
alt of which produce a oonpetidue (oondeiwtanzuig) 

block. The other group is characterized by long, slender, 
flexible molecules that allow free bond rotation. 
DecLinieLliLntium and succinyktwLkne are in this group; 
these agents cause a depolarizang block. The dichotomy 
in bank structural ■ittotgettttfll of ettf^petitive and 
depolarizing agents has heen offered as a partLaJ expla¬ 
nation for dissimilar effects cwked by interaction of 
these agents ■with the nicotinic cholinergic receptor 

The proposed charge distribution of the cholinergic 
receptor was shewn in Omp, 7„ and a schematic of the 
nicotinic cholinergic receptor to illustrated in Fig. 8.1. 
Among other requiremejits, receptors contain anionic 
(negatively charged) binding sites separated by set dis¬ 
tances. These negative sites are essential far electro¬ 
static bonding of the cationic ipositively chargedi 
nitrogen moiety of ACh (told exogenous chemicals) to 
the receptors. 

Occupation of negative binding sites by ACh acti¬ 
vates influx of Na* and efflux of K’ akmg their respec¬ 


tive concentration gradients, resulting in membrane 
raunMnCL Occupation of these sites by the molecular!} - 
rigid competitive agents stabilizes the receptors U chat 
die membrane pores are not easily affected. [X-polariz¬ 
ing agents initially act similarly to ACh,, Bec4iuse of 
their flexible structure, they allow initial channel acti¬ 
vation Kit for some reason cause a persistent illlort-cif- 

aiiLing of the receptor so that additional changes in 
electrical potential ore not achieved. 

Different: Investigative groups have now isolated the 
nicotinic cholinergic receptor from tile electric ed and 
electric ray (Taylor 1990a,b: Unwin m al, 1988) and 

also from mammalian skeletal muscle (Dolly and 
Barnard 1977). The cobra neuiotoxi a, oc-hungorotoxin, 
hinds irreversibly and with high specificity to ligand 
recognition sites of Lhe nicotulic receptor. This toxin, 

when radiolabeled, has allowed remarkable achieve¬ 
ments in isolating and diaracteitzihg the nicotinic 
receptor (Kistler et al. 19*2). 

The nicotinic chalinoccptor Ls a pentamerbe asym¬ 
metric molecule (Hx 14 nmj of about 250 kilndidlons 
that spans lhe bilayer of the postjunctional membrane 

(Fig. 8.Ik The receptor comprises five individual sub¬ 

units in a siokhkunecric ratio of lhe y-subunit h 

replaced by an r -subunit in muxefle frnm adult anim^lPL 
Ljch subunit has an cxlracdluLir and intracellular 
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FIG. 8,2—Orevnical tfrwtwes of some commonly wed rKwomoscoUr^lnckiiii: agent*. 


exposure and also conlains sequences of hydrophotuc 
ammo acids lh:\l arc the likely regions embedded 
within the membrane bilayer (Taylor 1990b). In vivo, 
(he pCTtaifKfOUs ftiCgptor complex occurs as a dirtier ur 
CWptek with fwi> adjacent fecepUM connecled via a 
disulfide bond between (wo &-suhunits, The five sub- 
units of each nwnomcre receptor conpbs are elon¬ 
gated perpendicular to tl¥e po^jimctinnal membrane 
and are arranged dreumlerenlially to form a rosette 
around- a central lumen (Fig. 8. t}. This central Lrans- 
memhrtie channel of Lhe receptor complex represents 
the previously discussed membrane pore Flu* ion fluxes 
instigated by agonist activation of the receptor. Apmist 
and antagonist binding sites are believed to be 
restricted to the tt-subunits (Kisller ei at. 1982). 
Whereas acetylcholine evokes receptor activation upon 
binding Io Che Ct-subumls, occupation of these same 
sites by autagomsls prevents effective receptor activa¬ 
tion. The muscle becomes paralysed, whether in 
response to a competitive blacking agent or In transient 
activation by a depolarizing blocking agent. 

Chemical Etruclures of several commonly used neu¬ 
romuscular blocking agents are shown in big. K.2 to 
dcmonstraic structural difference* of the competitive 
and depolarizing types. 


IMPULSE TRANSMISSION AT THE SOMATIC 
N EIJ HI IMCKt.’tJ I -A R JUNCTION. Prior 10 dis¬ 
cussing neuromuscular bracking agents, impulse trans¬ 
mission at the somatic neuromuscular junction will he 
reviewed ilk reflation 10 sites ol action of different drugs. 


General concepts of cholinergic transmission were 

mentioned m Chap. 5. 

Physh.ilog.ic and Anatomic Considerations, I lie 

majority of iiWesligalituis aimed al identifying diulin- 

ergic tnn^ini»h» mechanisms have utilized the 
sonuui ie myoneural junction because of its accessibility 

in relation lo other cholinergic synapses. Although the 
term synapse wav originally proposed io describe a 
nerve-nerve junction, it is commonly used in reference 
So neurwffector j unci inns. A representation of a 
surttulic neuromuscular junction 4 synapse) and pro- 
posed sites of drug actions are shown in Fig. SS.,3. 

Terminal! branches of R minor mm lose their myel in 
sheath and embed within invagi nations, of the cell 
membrane of the skeletal muscle cell; these invagina¬ 
tions are termed synaptic gutters. A synaptic gutter, in 
turn, has many micreiinvuginations or infoldings called 
either junctional folds or subneuraJ folds, [he space 
within the synaptic gutter between lhe nerve ending 
and the muscle cell is called ilie synapiie cleft “Rresy* 
raptic" refers io axonal elements, whereas "postsynap* 
tic'' refers Io constituents of the muscle cell. 

Vesicular structures bocal ized within cholinergic 
nerve teniiiititls represent sumige siiu^ for ACh (see 
Chap. 5). A> an axonal action potential arrives aL the 
nerve terminal, it increases the release of ACh From Lhe 
storage vehicles into the synaptic cleft. This slep (eid- 
Calion- secretion coupling) m dependent upon mobilLza- 
tiwi into the neuron of extracellular Ca 4 " and/or 
Ca" + bound to superficial membrane anas of due nerve 

terminal]. Released AOi reacts with the specialised 
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FKj, 3.3—Schematic rep^seDUlwffl of a sum-otic rrauromuseular junction (synapse), rcbted physiologic pathways, kind pro- 
p«£d siltt of action of virions plurmacv^ogie iigenH. An axonal ;action potential (APi La chaettiiBfid by an aisfluA «rf Na + 
and an ctTlui of K*. TeirulMOkin kind udmlll iiikiL'liskilL' Na" pfllhwnysk Lttial MWSlhfllki hksek Na“ and K" pnlhwpyL 
Choi 1 ik' Uptake itHO Mil ikiiixUI In Itlivk&l h> htnnL-hulinium; ■■\nlliLM-- nl Mil b prevented. As eIk AP arrives 91 I lie nerve 
tenninil. it insliptes inwxrd mmcml of Cm n i this triggers discharge of ACh into Aejuntnul cleR. A lock of Ca" or an 
nf ctecrowes nf ACh. AmiricsfljrocKicte wnliibfrtks al*n interfere with C*“-dependfei]i release of ACIi, Botu¬ 
linum ms in inhibits ACh release. I>KamMlinnium and Miccinykholirra (depolarizing rwuroouwijlar Nocking. agents.) cause 
persistent dcpolivizilni Nock of lira motor «d-plalc region, as do eicw AQi and nkotme. Curare, g all la mine, and pancuro¬ 
nium (competitive neunmnumilv blocking -agents) compete wilh ACIi for postjunctional VBcqpfton hm do not cause depolar- 
i Ml inn, Aminoglycoside antihiolicB dccreuc sensitivity of the poctjincbonal membrane to ACh. Catabolism of ACIi by 
acetylcholinesterase is inhibited by rcwraihle and irreversible anticholinesterase agency; ACh accumulate*. (Modified from 
Taylor II990b; Coufearu* 1972.) 


receiptor sites of the siibsynaptic membrane and causes 
depolarijalimi ill this structure. Cholinergic receptors 
of somartic myoneural junctions are classified as nico¬ 


tinic; they are located on the outer membrane of the 


muscle eel I and one aunoffl delusively confined to the 
pu&Hynaptic membrane. Alter denervation, sensitivity 
to ACh spreads over the entire muscle cell. 

ExJimuimaI ACh is rapidly siMtabulized by Kdyl- 

diolineMera$e l ACKE) enzyme, which is localized in 

I he end-plat? region. Although it may be bound in part 
to p re synaptic elements, it is concxotnled at die post- 
syiuipiic membrane (liKMima and Penelnum 1990; 
HucIhi et al I ■991). 

ACh- induced depolarization pf the subsynaptic 
membrane can be measured ns a change in the electric 
potential nf the motor end-pi ate region, a.c., the end- 
plate potential. Ef the end-plate potential is above a 
threshold level, it instag ales-a muscle action potential, 
leading to depolarization of immediately adjacent 
turns of the post synaptic membrane. Subsequently, the 
muscle action potential is propagated along the 
remainder of the muscle cell membrane. Contraction 
of skeletal muscle is initiated by the muscle action 
potential causing a release of Ca** into the cytoplasm 
from the intracellular!)' located sarcoplasmic reticu¬ 
lum. The increased free inmieellular Car- hinds with 


troponin, a protein constituent of tropomyosin that 


acts to .inhibit sliding of the aeon and myosin filaments 
during the resting stale. ( V*-hnund troponin loses this 
function; cross-linkagev me formed between acLin and 
tvryo&L n. and sliding of these filaments occurs. The 
muscle contracts. Miniature end-plate potentials repre¬ 
sent sublhrcsbuld depolarizations of the motor end- 
pi ale region that are due to spontaneous neuronal 

release' of small amounts of ACh; they do nut instigate 
rmiscfe contraction, 

Bhurmncolrj^ie ConsidiTulkm.v. The neuromuscular 
junction is quite susceptible Hi alteration by selective 
pharmacologic agents. Various drugs, toxin*, elec¬ 
trolytes, and ocher agents alter in different manners the 
synthesis-, storage, release, receptor interactions, and 
caLahnliism of ACh. Several important factors affecting 
cholinergic transmission are outlined in Fig. 8.3. 

HcmichoLinium and trictbylcholinc compete with 
choline fur choline uptake into chohncrgn: neurons-: 
ACh synthesis- is prevented by lack of choli ne. Lai sling 
vesicular stores of ACh are exhausted ujHTii nerve siini- 
ulaiooni. and a gradual weakening and eventual paraly¬ 
sis result. 

Nerve conduction is affected by only a few sub¬ 
stances. T he local anesthetics, when in high conccntra- 

tiofi and immediate condo; with the sflon, act to stabi¬ 
lize the nerve by inactivating both Na + and K' channels 
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no Ihal axonal action potential propagalion is- hulk'd. 

The pulbfidi pokn ictrudutoxiit mid die shellfish 

poison suxifitixin dKiwe the permeability of escitubk 
memhfajies to Na* (hut not It*>; thus axonal action 
potentials are ntrt gcndllAi and ptiralyvi* res-illl*. 

These kwdns do not cause an initial depolarization of 
nerves; they act fKuntwttpeiiii^ely, are appxjmndy 
msm tunes more pcNenl than cocaine or procaine, 
and nc frequently used in research, Clinical caws of 

fatal food pen tuning have been attributed to ingestion 
ref these substances. 

Botulinum toxin is an extremely potent substance 

(lethal dose for a mouse i* 4x 1QP molecules) produced 
by C/ostrufiun It is infested occukHHdly 

by hunMins and lower animals Lind often is Fatal. Ii 
decreases ihc amount ref ACh released from cholinergic 

nerves. 

Magnesium im (Mg"*) interfere with release of 
AGl iVufii lire nerve terminal by cumpefiifg for 'lire 
i ram port mechanisms responsible for mobilization of 
Ca“ into the nerve. Mg"' uncouples the excitation- 
secretion coupling process. An insufficient concentra¬ 
tion ref Ca" produces simitar effects. Mg'" also acts 
postsynaptically to decrease the effectiveness of ACh to 

activate receptors. 

Aminoglycoside antibiotics (i.e., ncmiiyciit-Mr^to^ 
mydn group) inhibit release of ACh from motor nerves 

by decreasing availability of Ca“ at superficial mem¬ 
brane binding sites of the axonal terminal, thereby 
inhibiting the exciiatuin-seerelion coupling process. 
These antibiotics also reduce sensitivity of the postsy- 
naptic membrane to ACh (Aduns 1984). 
Chuliittslerure Mribilure (see Chap. 7) decrease the 

hydrolytic activity ref AChF .and pseudbcholiiiesiense 

(Taylor 1990a, 1991]. ACh rapidly accumulates at 
receptor sites. Muscle fasatulalions. spasms, convul¬ 
sions., -.uid eventually apnea occur alter overckisage 

with cbciiimterase inhibitor.. 


POSTJUNCTIONAL MECHANISMS OF NEU¬ 
RON USCLi LA R BLOCK ADE. The preceding 
examples illustrate (he complexity ref neuromuscular 

tfans.miss.iun and the numerous sites isusreeptible to 
many agents and toxins., However, the pharmacologic 

effects of clinically useful neuromuscular blocking 
drugs can best be explained hy a direct alteration of the 
etfcclivenesi of ACh tre activate postjunctkwil 
niipli.tr) receptors. According to the mechankms ref 
p^ljunditMul iKliren, neuromiB4 a uhr blocking agents 

are classified as either a compeliiive (nondepolariEtng) 

or a depolarizing agent. 

Competitive t^NumieptitarlEdng) Agetib, Thtse dregs 
compete with ACh for available cholinergic receptors 
at the poateyfiaptic membrane -and. by occupying these 
feceptors, prevent the IrunsmiHer function of ACh. A 
prototype ref this group ref drugs- is d-idtocursiirre 
{Tuimt'nrarin# CMaridt, USP h TubsriK). Other simi¬ 
larly acting agents include Metocuiine halide, USP 


(Metuhine) (pnmoudy referred fn as dimethyl lubocu- 
rtrine iodide). gallamine {GaJhmmr TirirthitHlide, 
USP, FlaxcdiT), and pajKfeJfonujm ftrrr- 

rntde, Pkvulon). Newer compelitive agents include 
fazadimuiih a rapidly acting drug that undergoes 

hepatic biretrwnsfnoiHlim; akumniiim; airacurium, a 
synthetic compound that undergoes vpnmancous and 

enrymalic degradation to inactive metabolites: and 
vecuronium, a derivative of pancuronium (Taylor 
L990b: Agreston et d. 1992). Phamucrelogie character¬ 
istics -of several neuromuscular blocking agents are 
suumwrittd in lable 8.1. 

Ulirarefined experimental techniques (e-g-. measure¬ 
ment ref single-cell electrical activity and mierre- 

ionrephrerei ic application ref drugs) have veri fied the pri¬ 
mary site of action ret competitive blocking agents as 

Lbe sob synaptic membrane (Bowen 1972; Hubbard and 
Quaslel 1973). At this region, J-tubrecurarilW is 
believed to have the mm or similar affinity as ACh for 
cholinergic receptors; i,e. r rMuhoeurarine can interact 
with these sites as well as ACh. However d-tubocu- 
rarine docs not exhibit agonistic properties, whereas 
ACh is extremely active. Although c/-tuhncurarine 
binck tre or in some way interUreks wiLh Lhe chreiin^icep- 

lor, it has m dk.'pc.iliui^ing activity md therefore does 
not cause an end-plate potential* Moreover, the d- 
cuboeurafine-reeeptof interaction renders affected 
receptors unavailable fret interaction with ACh. ACh- 
indneed end-plale pncenciaU are reduced ire sublhresh- 
reld levels or abolished in curarizedi muscles. In the 
absence ref induced end-plate potentials andJ subsequent 
muscle acLion potentials. the muscle relaxes and is. in 
fact, p^nalysced. 

The competitive rnedunism of nondepoUiriziug agents 

is readily demonstrable. In essence, d-ruboeurarinc: 
blockade of receptor* increases Lhe thrcshreld ret the end- 
pi ate region to ACh. Increasing the concentration of ACh 
w ill i iveretmK the blockade produced by d-Utlmajrarine 
and restore newomuseutoi trammiAsion- Conrespnud- 
ingly, reinereaong the concemrarion of J-tubocunuine 
will again decrease the effiffidvcdAiof ACh. 

Bused on cumpelitive interaction between nondepo¬ 
larizing ngeuLs and ACh, cholinesterase inhibitors were 
Sound to be effective in antagonizing effects of ttn'sc 
blucSsing agents. CholineSleraise inhibitors pre^enl the 

enzymatk cataholism of ACh, More AOi iv available 
for interaeciren with choliKKepton and diereby 
decreases effcetlvene^ ref ctnojK^rilive hlocking agents, 
This iclationship has been exploited clinically in iue- 
ecasrul effort* lo lenninatc effects of nondepolarizing 
agent*, However, cholinesterase inhibitors do nut 

anLugrenize effects of the either class ref ncuiLHiuisculai 

blocker*, the depolarizing drug*. 

fl^pidiirizStig Agents, Succinykhtdme Chioridt, USP 
i Quell, in. Anevtinc, Sucre serin, Suxaincthnniiiimk and 
Decamelhtmium Bn)mide r USF (Syncurine, C-IO), are 
members of this group of agents. These drugs exert 
their skeletid rtTuscb panilv/ing effecLs by inlertermg 

with ACh-mediated depolarizsdon of the postsymiptic 
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DunMkfi 

On*vt 

[>lirp1iiYn 


Gtttfk flame 

Trade name 

Chcnkml dan 

penpertifs 

(mint 


H]uUaiLhfi.irclkaliDll 

Awfariebie Amti 

Mullh nykhnhiK A i hoc L i nc 

MMdBHifridn fCompetUtot) Again 

ChoUu mIbt 

UllnuiwTl 

<a 

6-H 

Hydrolysis hy 
plasnu 

tfuiinieslunvjE 

cl- Tu taxman, ill* 


Naiural alkaloid 

(cyclic 

buninoiiuliit) 

[x>ng 

4-Ci 

H£k 1 M 

Rtfniil d-UmirurtiiTTi; 

liver clcarantc 

Airacurlum 

Thniin 

Rrn/yLi&rquiruilim! 

[nlenrwdiale 

2-4 

M40 

SpocUaunua 
depmdflfiori; 
Imhdyda by 

pljLvma 

cfadfiaHtnaci 

IfrixiLiiriiivn 

Nurniniu. 

hen/ytisixiunk^itie 

Long 

4-fi 

90-120 

Rennl f Ismanjilinn; 

her mflabulism 
«nnd cleamwe 

Mi vat urn mi 

Mi vac rulb 

Rcn/ylisoquinnllnc 

Short 

2-4 

12-18 

E1 ydn-itysis hy 
pfaunu 

eliutinLhUrriixeh 

Pancuronium 

Pavikn 

AmnwniL^ hlennd 

lj»ig 

4-* 

120-180 

Renal elimination: 

liver rntfLahiiliun 
and clearance 

Pjpcnimnmin 

Ardmn 

AnillHMIU? SlL117ld 

Long 

2-4 

90-100 

R^tinJ slimin^Lian; 

liver mccahnlisun 

and dearance 

Rixunmimn 

ZcihuiWi 

Adhow wie-piiid 

Inleirmi.hLliaLf 

1-3 

3040 

l.ivcr mcEabulivin: 
renal eliminalinn 

Ytft'unjfiiiun 

Numimn 

AhUi^jBiBt? sieruid 

InK-mwdiince 

2-4 

3040 

Liver malabnlihm 

and dcwarne : 

renaL dinuiLJlii.H , l 


Source: Modified from Taylor (Wfl- 


membrane. In contrast to the well-defined mechanism 
of Ihc cum petit ivr agents. certain aspects the nlfcch- 
amsmls} of depolarizing neuru-muscular blockers aft 
continually debated. 

Suceiisyleholijic and related drugs interact with post- 
synaplic cholinergic receptors but cause disLincLly dif¬ 
ferent effects than curare-like drugs. Initially, an eud- 
plale potential and a corresponding muscle aeliun 
pofenlinL are dialed upon CKpOtUH to ucdlljkbnlint 
These deptdari/atkm change^ in membrane porcnrial 
are similar to llki^e produced by ihe endogenous medi- 
iilufACh. However* ACh is immediately hydrolyzed hy 
cholinesterase; the pistsynapCic membrane repulunzes 
and is prepured for subsequent activation hy uUkkNUl 
quanta of ACh -Snevinykhnline elicits a prolonged 
depolari ration of the end-plaLe region that does not 
aUow ihe suhsynaptk memhrjiic to completely rrpo 
larize and renders Ihc mottir cnd-platc nonresputtslve to 
the normal uclion of ACh. 

because of the initial depolarizing Dfciioik tnmial 
contraction of nuKk cells occm after rtniaianlw 
of wodivyldutioe and rallied agenis. This is charac¬ 
terized in vivo us momenUuy asynchronous muscle 
[filches and fasciculations. Because of Ihe persisleni 
depulan/juiwn of the pnstsynaptu: membrane, however, 
subsequent impulse transmission* are blocked and a 
flaccid type of pumlysis ensues. ITie uokctllir mechu- 
nifciufs.) of dipolarL?.itip neuromuscular blocking agents 
is not completely understood but may be bipfu&ii;* 


PHASE 1 B(jf>TK. Depolarization of the motor end- 
plate region by ACh is characterized by incre-uwl per¬ 
meability of the mbvyilptK membrane to Na 1 " and K T , 
As ACh i* catabolizcd by ACNE the selective perme- 
uhilily elurifteutia of Ihc postsynapiic membrane 
an; rapidly recsiah-lishcd. RcpoLarizat ion occurs. Suc- 
cinylcholinc. however, causes a persistent increase in 
pgnifcC^hilily ^f ihe poslsynaptic membrane to Na + and 
K B . AOi cannot act as a trunsmULer, and impulse trans¬ 
mission tails. U should be remembered [hat ACh. when 
in excess, also causes pers-ivleiH depolariz-alion (dock uf 
cholinergic synoptic junctions. 

Phase II Block. Phase l[ block occurs In some 

instances after pruhnlged expoflR 10 A rigpol.nrijciig 
agent and is characterized by a change from the depo¬ 
larizing block to one ihai in some ways resembles lhaJ 
caused hy curare. The actual mechanisms involved are 
poorly understood and opinion is contradictory as to 
this iransition. Zaunis (I believes, e.g M that confu¬ 
sion has occurred because in some species tone block¬ 
ing agents have a "dual Utoclkflllffiffl"; i t ., they cause 
some etfecLs LhaL TesembJc depolarization Mock anti 
cause other effects that re^mhte competitive blockade. 

After exposure of isolated nerve-musebe prepara¬ 
tions to suocinylchoJine, the initial peak ltrvc-1 of depo 
larizalion subsides. Subsequently, Ihe cnd-plate 
becomes iransienily sensitive to depolarizing av»hk 
Gradually, a cnmpcLiLivc-likr blockade results and 
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PKS, J? 4—Schemk repiWCrtBlkwi of 1 fciaflk VHW-gl£ETOGVKnk^ m»ck prepral inn in ;m aneaheLiyjadJtal. Sliiiiululiun 
ihe isolated and dtaerHiilized sciatic rwrre evoke* enniraclkai (muscle Vwilch) of the ^ me train w muscle. P'linKw-dl arterial 

hfactd prcsxure .and respinil11ry cnciveinenh cun he meavured cnnoiinrnlly. NciiioinitaLuLar hkx kina' drugs can he uilinimslcnodi 
inlravcrtniiixly and etuunges in muscle Iwilcti hci^lil * jfrsenetl. 


seems to be ill least partially susceptible In reversal by 
cholinesterase inhibitors, Tudiyphylu.\ns to depolariz¬ 
ing averts quickly develops and the receplors now 

appeal to he insensitive to ACh. However, the impor¬ 
tance of Phase If has no! been dearly defined fur each 

depolarizing neuromuscular blocking ^m. 

As ;i group the depolarizing neuromuscular blocking 
agents cause depolarization of receptor areas of muscle 
fibers sometime during their course of action. Iiktlms- 
ing availability of ACh by administration of a 
dwIincsccrasL- inhibitor has mi effect or in some cases 

may actually intensify the neuromuscular block of a 
depolarizing agent, Just the opposite, chohnesierase 

inhibition can be quite effective in antagonizing the 
competitive Week produced by nondepolarizing 

curarcmimeijc agents. 

PHARMACOLOGIC EFFECTS OF NEUROMUS¬ 
CULAR BLOCKING AGENTS 

Ski'lr-lJil Mimlr 

COMPiTITEVEl MfjJROMUSCULAR Blocking AGENTS. 
Nondepolarizing curare-like drugs paralyze skeletal 
muscle by neuroniusedif blockade. Time agents inter¬ 
act with iwcotinic cholinergic receptors of skeletal mut- 

de cells uim! render them inaccessible to the transmitter 
function of ACh. Flaccid paralysis occurs. Neither 
Monill conductance nor rtspOdw to dim e stimulation of 

muscle is ttaked by cureft agentt. 

A schematic represent! ion of an he; vivo nerve- 
muscle preparation is shown in Fig. 8.4. This sciatic 


nun e-gasErixnemiu s muscle preparation of anes¬ 
thetized tats is often used to examine action* and 


inLerjctions of neuromuscular blocking agents. In this 

preparaiioii. stimulation of the* sciatic nerve causes 
citfitniction (kg of isometric tension I of the ga^trocne- 
rnUu muscle. 


Fig. K.5 demonsiratcs the neuromuscular blocking 
effect of itf-toboctirarine cm indirectly stimulated mus¬ 
cle twitch of the sciatic nene-gaslroeneinius muscle 
preparatiuu of ;i cat. a* described in Fig, 8.4. In this 

example, muscle twifleh quickly decreases after intra¬ 
venous (IV) injection of d-tubocurarine, reaches peak 
depression within -a tew minutes, and then gradually 
returns to noun) in approx innately 15 minutes. 
TUbocurarine does not evoke an initial increase in inns- 


cle twitch: Ibis lack of fecilitation is a consistent find¬ 
ing with nondepolarizing agents. Gallamine, 

memeunne, and pancuronium produce similar charac¬ 
teristics of neuromuscular paralysis, Mecncurme is 3- 
Ifl limes -mure active than d-tubocurarinc, pancuronium 
is 5-7 times more potent. Lhan rf-iubocurarine. and gal- 
lamine is somewhat less active. 


AiltiigoniMli of the neuroinusculiir blocking effects 
of ^tuhcPCILmrine hy admiilislrycimi of a cluiliiw"*IVTU*C 
inhibitor. neosligminc. is shown in Fig, K.5. By em¬ 
paling the two tracings m Lhis figure, it is readily 

apparent char nccMijmine markedly hastens recovery 

from the muscle twitch depression caused by 
ramne. This antagonistic interaction is primarily atirih- 
ulcd to the anticholinesterase activity of neostigmine. 
Inhibition ol cholinesterase delays the caLahuht: break¬ 
down of ACh m& allows its awumutelion at receptor 
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FIG. 8.5—Ncurunuiinciilar Mecluitg effect of ^-iulwcurjrine {d-1ubo[i and icwcrva] sf-iuJHi fry nentici^MiiM in n KUtic 
nro |mi OfllWiiiK nwisek iwejwraLuiit of a a il The eat was aikesiheLwcd with pentobarbital;; muscle twitch was monitored 
as described in Fig. 84. (A j Typical Jeprcv.n-m ul muck Lwtirii hy J-tulHi tO.2 ngftg) administered urtnraraiidty M ikug- 
utKlaiTW. (Bj Airtiigonism rfrf-(vto (ftl roj/k* t induced dcfrcisum of nwsele iwildi by nmuigmiK (Ns; 0.1 mg/kg)_ 

Agents were KliTBiinLMMre^i intniverviHJsly al ;imiw. NmIill 1 rufiul untagmisfll uf Itli! i>_■ u i-s:- jI'iU .1 II;j( blocking effect of rf-ttlbo by 
Ki Cooqnrc tbs- with the kick of anugomnn by N'i of ihe miacte twitch LtepneKsaru effect of sueelnylelioliiic in Fi|, 8.6. 


sites, Newly affiliable ACh, now in increased comren- 
tniiofl se (ho ptrj-synaptic membrane. effectively com¬ 
petes with ikubocuradne for Lhe tlHttiMqiQn. ACb* 
mediateddepolarization.erf the end-plate- muscle action 
potentials, and muscle wtiUMltM iin* restored;. muscle 
twilch quickly returns Co normal. 


Depolarizing Neuromuscular Blockjws 

AGENTS. SuccinylchoilifK 1 and dccsimelhunium elicit 
transient; miBcle fasckufaioiis prior to causing neuro¬ 
muscular paralysis, This is due to miciall dqxriaiizatkin 
isf 1 he mniiw cncl-pliite and is characterized in I he intact, 
animal hy asynchronous muscular contractions of the 
head, body trunk, and lambs. Fiisdculufioia does not 
always occur in imeMlwtizisd animals. 

The in vavo neuromuscular blocking effect of a 
small dose of succBnykholine in a cal nerve-muscle 
preparation is shown in Fig. 8.6. Initially, there is a 
slight and transient fucilitury died of sotcinylcholinc 
on neuromuscular vanuvriftiMi; muscle 1 witch height 
iimmenlarily bcreua by a small increment m a 
result of 1 he initial depolarizing, effect of the drug. 
Subsequently, however, muscle (watch rapidly 
dcsii'Ca-vCs and within 1-2 minutes maxi mum depressant 
effect is obtained. Shortly iherculter. ihe iwuroniuxcu* 
liir effects of aucduylcholtiK subside and muscle 
twitch returns to normal within an additional 5=8 min¬ 
utes. The rnapiitude and dilution of neuromuscular 
paralysis is dependent upon Ihe dosage of siKCinyl- 

Cholllie. The relatively short duration of succinyl- 
chnlsnc activity is irons rapid biLrtransfuniLalkwl of this 


drug by plasma pseudodiolinesccrasc, Deeamcthonium 
causes similar characteristics of neuroroumilar block- 


iuk% but the duration of action of (his, drug is consider¬ 
ably hirtjctt thin [h.iE seen with suceLnylcholiiipe. 

The effecEH of a eholinesiera.se inhibitor, neostig¬ 
mine. cm the neuromuscular paralysis produced by sitc- 
einyLeholine are demonstrated in Fig. 8.6. By compar¬ 
ing the two tracings in this figure, il is apparent dial 
neostigmine potentiated Ihe muscle [witch depressrun 
evoked by succinylcholine and prolonged recovery 

from Lbe effects of this agent. This synergistic interac- 
lion is primarily attributed to the imikholmcstenase 
activity of neostigmine, resulting in decreased bio- 
transformatkm of both .succinylehrtlinc and endoge¬ 


nous AOi. Thus succinylcholine and ACh are available 
til receptor sites for lunger period* and the duration of 
depolarizing neuromuscular paralysis is prolonged. 

The potency of neuromuscular effects of succmyl- 
cholinc varies in different species (Hamsson ]Q5Sj b as 
shown schematically in Kg. ft.7, Bovine and canine 
species are quite sensitive to succiiiyldioliiie, whereas 
horses and pigs are considerably less responsive, This 
difference is probably depended upon specie* differ¬ 
ences in the activity of p*eudfichiiline*ljcrasc. the 
enzyme that NotraJifCprms succinylcholine (Kadcietf 
and Woodard 1956; Fulmer ct al. 1%5).. Cattle and 
sheep, e.g., have considerably less delectable pseudo- 
cholinesterase acliviiy ifuui, horses and pig*, Adminis¬ 
tration of purified pseudochulinesrerase preparation to 
dogs increases resistance to ftweinykholine ( H all ct al. 

1953]. 
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RCi. 8:6—Nrumminoiliir blocking dfect of wwnnyklwlintf (SCh) and mgmcnmiHffl utf ii* dfeet try iwwligminc (Ns) in i 
veisuic iicrvc-gasmaencmius rmusek preparation of a cal. The cat was jnocheiizcd with peiHohirfrital; muscle twiuk nas moit- 
koreJ a< described in Fig. 8.4. (A) Typical dqpreHfcm of nuck Switch by SCfi (0.04 mg/kg i athni niMcred inmivcnously at 
designated arrow. lB|* AugmcnurtHjn of ihc nauack tvM dqpKuau effect of SCh jO.(M nig/kgi by Ns -IG.1 mg/kg). Agents 
■■■• .. it admiiiaciLTcd mci ijveihMjsly an ikvigikaied, arrows. Nonce ajjgiiu-ritaiiflnof the degree mid duration of eftcu .-I sdi by Ns. 
Comp&ro this wwh the aiHaguiusm fry Ns of clue- n B m mnfMHJ ulaf blocking effect of d’-uibo m Fig. 
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FJG. b.T - -Schematic refwesetiQiiLicHii of iJk neumitniiscuilaf blocking effect rtf suecifiylefwline iodide m ihci vL- inus-. lL- prupni-u 
hems of different specie during burtohunuc anesthesia. Notice btflvpKki differ own in degree and duration of pvaJyaiv 

caused by sifccLiiyLdiiLiiific. • Modified from Kajusiim 1956, after Lunnfe and! lone* 1971.) 


Autnnoiitk Effhts. Sjnuftic cransmissuon art auto¬ 
nomic ganglia involves acliiatitin hy ACTi of nicotinic 
receptors oF the porttgiinglionk nerve body (see Chap. 
7). It is not surprising, chore lure, I lull rR^immuscuLir 

Making agents (which- act art somatic nkortink sites) 
may also alter ganglionic transjiiissti'in. 

Tufaxuiiiriiu: is an excellent e v;unple of a drug selected 
f(jcr site of uclaon ill nicotinic receptors of Lhc somatic 
myoneural junction (hat as a side effect also acts art gan¬ 
glionic niecrtinK receptors. Tutxxunuine inlem.Lv with 
ganglionic receptors, renders them inaccessible to ACh. 
and thereby increases the threshold of lhc postganglionic 
nerve to ACh. However, as a general rule. uuLonomic gan¬ 
glia are less sensitive to CUfWe than iirv Iht myoneural 
junelacms. Ganglionic impulse Eransmivdon involves*, ai 


IcuM partially, a muscarinic pathway free Cluip. 7 k; d- 
Mboaimm has link blocking eflfeci on muscarinic 

recepLors. Thus, bn most cases it would he ainieipated tliai 
piunghiwne tnm£ini^4cR is. Functional! during treatniem 
with CUian-likc drugs. Nevertheless, hypolcnskm 
believed tii he partly dependent i^poh gaiiglionk bkKkixfe 

can occur after admire strut ion of dHotanniiK, 

Other neuromuscular Mocking drugs, both comped* 
ti vc and depolarizing type*,. have been ihown experi¬ 
mental I y (o alter ganglionic i runs minion, hut in cl i lin¬ 
eally iniKigni fkniM njnrtHunl s, SuefiinyJctalinc induces 
transient ganglionic stimulation prior Id blockade 
evoked by larger doses. The fonner effect may pariiaJly 
explain hypertension that has occurred suhve^uenc lo 

soceinyleholiite administratiM.. 
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Purasyinpurherie effect* of neuromuscular Mocking 
agents are usually minimal. Pancuronium hms anti¬ 
cholinesterase activity. Sueuinylehnlinc and 

dc^amethonium arc approximately 1000 times and MX) 

time* lr* potent iHpectivdjr ihun ACh in eliciting 

■v»Hfr J gtfcni L*f guinea pig ileum. In dogs, large doses of 
CUCCtnyKtlQlifH induce salivation; Ibis; is antagonized 

by prt m tnai with atnptae (Huuoi 19JSK 

Histamine Release-, Tube*: murine causes release of 
histamine. The magnitude of Ibis response varies, 
depending on species, dorsugc. and Tate and route of 
administration. Intra-arterial infusion ot'd-luIxKiuarinL 1 
evokes histamine itkltt in the pCfhkKd hi ml limb 
preparation of dogs, and totimilfrlOtt wheals can be 
produced by subdeniud ami ifltTS-Mttriai udminisl na¬ 
tion of t/-culxK.-uru.Tiine In vivo, UKtmcd respiratory 

Lrm"! KCTCtku and bronchMpuiVI wn after admiiiis- 
i ration of d-fubocunriM have teen attributed to hista¬ 
mine ftefattCi u bus ihe hypotonive effect of r/-tuhoeu- 
nwiiK. FreLrcatmcnL with antihasLumine drugs. 
anLagnnizes these side effects; Lhey are DOC inhibited by 
Strop AH or nensiigmine, 

Mct-i'w; MB’S nc, sgceinylulnoLinc, decamethonium. and 
gallumine are very weak his-lamiiw- re leasing igeilltt. 

CciUnd Nrr>4iu System- Although fymptk trans¬ 
mission in the hrain is altered by direel application of 
HunHHuculnr blocking drugs into ihe brain, C’NS 
effects yre iboikJclccEahle when these drugs arc admin- 
isttfivd by other route*. Neuromuscular blacking agents 
do nLii gain enuy into the CN.S to any appreciable 

Otfill because of [he presence of the highly charged 
ijuitlemyry jimniLHiiuiu muniies. Therefore, neither 
C\"£ depression nor tramjuili/.alion is pn-duced by 
KWHHUCttllir hunting agems. Ncuiambulatkm results 
iwily Anno peripheral myoneural paralysis. This was 
decisively confinutd wbn Smith (Smith el aiL 1947) 
allowed hlrnsdf ko be purdywd with J-tuhocurarinc. 
At in i tHIK during ihe experiment did he experience 
hypnosis, traik|uiii/.alion, amnesia, anesthesia, or anal¬ 
gesia. He simply could not vol untan ly breathe or mow, 
an experience described as ijuile frightful 

CardiwuwulHr EfTrdVr As outlined tbove r d- 

mbacimilK often induces hypolensUui, particularly if 
rapidly a dm i nto eted to dogs, Slight increases in heart 
rule and cardiac output have been ohserved alter 
■dnlnistntkm of giHimine, apparently from a 
vy go lyric effect on the hearr (LmppGckcr ct al. 1973), 
Others have reported no signitkanL cardiovascular 
changes after IV admin i*traLkin of galllflltic to im- 

thetized dogs (Evans et ml. 1977), [a cats, mild 

■iilropiw-likys effect* oq che hean were observed after 
infection of gallaminc, pancuronium, and ulcunmium 
chloride { ALIolcrin) (Hughes and Chappie 1976), 
Studies with pancuronium in humans und dogs 
indicated that this agent evokes s.lighl iKRltH in 
heart rate, blood pressure, and cardiac output during 
Lhioburhituratc HKUhttbl (Coteman et «il. 1972; Rei- 


tan and "HVarpinshi I 1 ! 1 ??), Cnonwculir effects Of 
this agent were absent if patients weie prelreuted with 
atropine. Others have reported no significanl cardio¬ 
vascular changes with pancurorliurrt (Brown et al. 
!975Similarly; studies- have indicated that ncilher 
pancuronium nor gaJIamine HigniffcanLty altered heart 
rate or blood pressure in anesthetized horses (Klein et 
al. 1983), Atraeurium (up lo 0.6 mg/kgj and vecuro¬ 
nium I up to 0.2 mg/kg) were reported lo have negligi¬ 
ble effecLs on arterial Mood pressure in dogs (Jones 

1985). 

Succiny Icholine usually evokes ffllfllllkftl Ctnbow- 
cular changes in horses ot dugs if administered during 
general DKftlKrit; hlcfcxl prewn remains fairly con¬ 
stant if artificial hrealhing is provided (Evans et aL. 

1977; Benson et al. 1979). 

_Suh paralytic dewes of sLKciinykholinc increase the 
anrhythmogcnicity of epinephrine during light 
hatolhane anesllwsia in dogs (Tucker and MhUkfH) 
197 . 5 ). In dogs noL treated with suednylcholine. an 
average dftK of 4 , 1 S pg/kg epinephrine was required ro 
evoke pre injure vcnlrkuhu contraclions, whereas an 
average dose of 1.6 Jig/kg epiircphrirte was llfctr urthylh- 
mogemc dose m dogs pretreated with 0.25 ilig&g suc- 
dnylcbolin, However, J-mbocurarine provides a 
slight protection 4 igainsL epinephrine-induced arrhyth¬ 
mias. Mechanisms involved in these drug interaction* 
have nufl been clarified. If deemed HHfldll E cate- 
cholamines should he used cautiously in patient* 
treated with depolarizing iireuruinusculur hh^king 
agenls. 

Also, succinylchoiine htt been reported lo increase 
susceptibility Ifl the myocardial irritanE effects of digi- 
satis preparations, and tL has been suggested that suc- 
cinylcholine may be contraindicated tit digitvilized 
patients (l>owdy & dl. 1965). 

ProiiLriimced opfavucplir side effects have been 
reported in horses after ihlminislration pf succinyl- 
cholinH." (Lanqn et al 1959: Hofmcyer I960; Lees and 
Tavcmor 1969), In general, these effect* seem to be 
more pronounced in UMUkfllfaetlftd and nofLtim|UiL 
ized unitllals than during general aneslbesia. Severe 
liyponcnsion. initial bradycardia followed by taehycar- 
dia. atriovemrieullar conduction disturbances, and 
exira-vysrolcs have been reported, and myocardial dam¬ 
age bus teen suspected. Early insLiLuliun of artificial 
respiration has been reported Co bkivk. the blood pres¬ 
sure effect. JTie hypertensive resptnuse teem to te aE 
least partially mediated by the succinylcholine-iilductfd 
dyspnea and the aooompAoyijQg hli^nl TO„-PC | 0 : du- 
lurhannes. ctHBiog a refk Migemi-- irnnn in hkwd 
pressure. Direct uclNation of autonomic ganglia by 
succinylchoiine may also he involved. 

It should be remembered thiit iKUAHUkUCUkr block¬ 
ing agents do Ht dcptc*^ the brain unless or until 
apnea-indued hypoxia aduully canes syncope. Prior 
Ln hypoxic stares, skeletal muvelc paralysis afl-nrds no 
depression whatsoever otfeotwemn centers of the brain 
of nonuneschctizcd animals, li seems likely, then, that 
Lhe novel sensatkins experienced by cunscious ammaJs 
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as they arc being paralyzed evoke profound fright, This, 
{.'an cmise aftivmtiun of aoionomic centers widllii tlw 

brain. Autonomic discharge may be altered markedly 
resulting in cardiovascular side effccls. Autonomic 
blocking agents (pytkiite block w ii ii beauuYKdtD- 

nium, p-adrenergic block with propranolol) substan¬ 
tially decrease the cardiovascular side effects of sue- 
cinylcholinpc. 

Ckulur Effects. Clinically important ocular effeeb 

depend upon the pronounced contracture of ocular 
musics that occurs after treatment with depolarizing 
neuromuscular Uoducn. These agents are conttiti radi¬ 
cated in glaucoma, since intraocular pressure may he 
increased. 

St* rum Potussium. Depolarizing lie UfOflffllSCUtar 
blocking agents cause a release of K* from skeletal! 
museIc. Elevation of serum K + may result, particularly 
if repealed injeciitna are given. 

Pharmacokinetics. Neuromuscular blocking agents 
with quaternary nitrogen groups are ionized at all lev¬ 
els of physiologic pH. Therefore, they are highly 

charged, lipoptobic eornpounefe and cro** lipopiowin 

membrane barriers poorly. Milk if any absorption 
occurs after oral administration of there drugs. South 
American Indians were well aware of Lhis. since they 
ingested flesh of ciUtfS-p.iiMHl animal* without CCuIr 

cent. Inefficient absorption after oral admiiistration 

has little importance to modem medicine, however, 
because Ihere agents should he given hy the IV mule m 
that muscle relaxation can be quickly evaluated. 
Whereas South American Indians were concerned only 
with one end point, death, and w ere w orried only about 
underdu^Hige, pnctitioneH are concerned w ith facilitat¬ 
ing muscle relaxation and are extremely concerned 
with overdosage, Administration of neuromuscular 
blocking Agents should be closely monitored and Kir- 

related at all times, with effects observed in the patient. 

Intramuscular (IM> injeetkn of raepfnmpficular 
blocking agents is occukiffllly uretl in immobilize 
noodoitwstic iuiimals. Absorpciwi occurs rapidly after 
IM injection. and effective Uwd concentrations are 
obtained short ly thereafter. 

Tubocunuine is distributed primarily in the extracel¬ 
lular space throughout body I issues, hut it concentrates 
at myoneural junctional regions (Waser 1967). It pene¬ 
trates cells poorly because of the charged state of the 
molecule. The liver and kidney pufLicifttlg in the bio¬ 
logic late of if-lukKurunne: however, duration of 
action of ! his agave normally docs not depend upon 
hiniransformaticwi, Rather, redistribuciOfi of ^-tulHKSh 
rarine away from the neuromuscular junction and into 
nonspecific body compartments is believed to account 
far the short duration of action of a single dose of this 
drug. Repeated treatment or exccss-ive amounts of J- 
Tubocurarine tends to saturate nonspecific sites. Under 
these circumstances, renal excretion becomes impor¬ 
tant as a mechanism few termination of activity of d- 


tubocumine. If injection must be repealed, less drug is 
needed to evoke muscle relaxation. Cumulative neuro¬ 
muscular blockade occurs when injections are 
repeated, since d^tubocusnuine is excreted rather slowly 
hy Hie kidneys, 

fiallamirae and metocurine are probably bandied 
similarly to d-tubocurariraiv GalSamine is- excreted vir¬ 
tually tiiiclinitpd in the urine, as arc ckcamethonium 
and t^ncurnfiium. These agents are thought to bind 
iinly minimally lo tissues. Renal failure markedly pro- 
longs Iheir duration of action. 

Alracurium is one of a senes of new- coiilpetilive 

agents that was developed to overcome pharmacoki¬ 
netic disadvanlages of the older drags, AtXKurium is 
rapidly Inactivated by plasma esterases and also, 
imptmandy, by a spontaneous- chemical degradation 
instigated at physiologic pH and body temperature 
(Table 8.1), Abnrivn is- therefore nc>ne unrn'lalive, 
and the duration of action of the same dose docs nni 



1980). In dogs, Jones (1985} recommended that 
aLramrium be administered initially aL 0.5 mg/kg. fol- 
bwd by increments of 0.2 mg/kg, The duration of 
rieurutmisculaT blocking action of vecuronium. another 

new agent, is similar co that of atracuriurn an*! is about 
one-third to one-half that of pancuronium. VbdurMviutt 
undergoes hepatic bioLransi'ormaLion and is excreted 
preduminiinlly in Lbe bile; il is somewhat cumulative, 

and this characteristic can be expected to be more pro¬ 
nounced in the presence of hepatic disease (Jones. 
1985). Because of its short duration of action and affil¬ 
iated ease of control, atrueurLum has become a fre¬ 
quently used neuromuseular blocking agent in veteri¬ 
nary aaiestbrsiulDgy. 

Succinylchulme is rapidly disposed of by the body 
stove it is a suitable substrate for plasma pseudo* 
choline-Meritse, This enzyme quickly hydrolyzes *uc- 

cmylcholine to the considerably less active metabolite 

succinylmonochuliiie. This metabolite is mow slowly 

broken down by pseuilocholincsierasc to succinic acid 
utidi choline, natural hotly constituents. The inters pec hex 
potency of succinylcholine vanes considerably. This 
Iulv been attributed Lu species differences in activity of 
pNeudoehoHnesteraae, 


INTERACTIONS- Varioui drugs, influence the 
pharmacologic effects of muscle relaxing. Neurn 
muscular blocking agents themselves alter activity of 
other newrurnnsculnr ligenix, As would he expeeledu 
competitive agents snmmaic with each other. Simi¬ 
larly. depolarizing agents also interact synergist kally 

with one mha However, lubucururiue decreases 
the muscle twitch depressanl effects of succmyl- 
choline and decimethoniuni. This is related m px-r- 
distent □ecupati.on of a certain portion of receptors hy 
iubncurarinc., although muvclc twitch may have 
recovered (see margin of safely of neuromuscular 
(rummission below). Dcpobaiizutkm of the end-plate 
by ^uednykholiite or decameLhonium is partially 
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impeded by the stabilizing cfieel.\ of tuhoeurarirtc. 
S-uceiny Icholine y.ntu^uiiiziih iIhj l'Hul-cs ui uiirurv # 

result of the partial ^mildc dimctcrifllics of the for¬ 
mer agent. These complex. antiifLMiLsciL interactions, 
however. have no clinical application* since Ihey 
depend upon complicated treat mem and tune and 
dotage schedules.. During clinical situations, ncurn- 
muscular blocking agents should nmi he used in 
attempts lo reverse the dfects of other lypgs of neuro- 

ouhiUdt Mocking ageafr, since poteotiilkn nun y 

occur despite experiment! rcsu.lL>, to ihe COOtmy, 

IhtidUlCtkn ul\‘holinc7»teriLsc inhibitors with ncu- 
fi^iiuseuLuJ blocking agents lue* been discussed ahove. 
Cholinesterase bfaibimn decrease responsiveness lo the 
com pet hive K|ntfti while [hey mnd tokKRW iotntky 
and duration of aclion of depolarizing agents iSuftcw 
and Hicks 1978} r Organophosphatc pHtxjil^ and 
anthelmintics. carhamaces, and any ocher dulilKSlnH 
inhibitor may cause interaction The phentrfhiazi nc 
I'ionily of tranquilizer^ Sms some untichulinesterase 
Activity. Use oF uicciny Icholine in a patient expused lo 
an or^anophusphatc may be purticulnrly hazardous if a 
phnotUozlM tranquilizer has also been administered. 

Many general anesthetics. in addition lo depressing 
ihe CNS, depre ss impulse ifansminion aE Mimauc 
myoneural junction*,. Halolhane acis ^ncrgLstLe.jd]y 
with curare-like drugs bul lo a lesser extent than ether. 
Mcthnsyllurane and pcntoharbilfll iiJh have depfHHDt 
effects on my oneura l ininsmission events. 

Aminoglycoside antibiotics f neomycin. -strcplo- 
inytin. dihydrosCrepLomycui. kanamycm, gutkttkai) 
decrease the release of ACh From Lhe nerve and also Ihe 
sens.il]vity ol Ihe end-pl-ate lo ACh (Fillinger and 
Aduuon 1W3; AduTH ei ii. 1976*). They do flfl< 
cause dcpokizibofi Their effects in many ways 
resemble those of lew Ca"" dr excess hfj**. The presy- 
Uptk effect of anlrbuHics is believed to he due lo inler- 

rupiiofi of Oi^-dependeiii events *u the axonal iibein- 
hrane f A-danis I9S4>. CholincsleraTrf inhibitors such as 

i* B 

neiMigmine anlagonize Lhe pvL-Sytiptk; depressant 
effect of tbett udludAk Ci” Antagonizes lhe presy- 

uptic action and Is usually more effective than 

neostigmine in reversing the neuromuscular paralyzing 
effects of luitt^yttiddc antihiolLcv Ihca antibiotics 
interact synergickally al the myoneural junction with 
neuromuscular blocking agents, anesthetics, and other 
antibiotics. 'Hie clinical significance of neuromuscular 
iuenctiotta of utibidlkt and other drugs hais been 
well established in humans and has- been suggested in 
kwvanimib (AdllU ud Uiugham 1971). Ibett sub- 
jeets haw been rev intd (Fluiiiger et ml. 1970; Adanu 
ct aL 1976b. Keller cc alL 1992)- 

Differcnt disease sLalcs inlluence pharmacologic 
effecLs o! neuromuscular Mocking AgeflCr Hcputic syn¬ 
thesis of pseudiKholineslerase is decreased in the pres- 
met of liver dbnUr The duration of succ 1 i iy let wdine 
activity will he prolonged IF the liver is scrioosly 
affected. Administration of purified! pveudn- 
cholinesLera^e preparation hastens recovery From 

effects of ucditylcholiM (Scbollcr tt aA- 5 97?), 


Renal problems delay excretion of J-tubocurarine. 
giillamuw. piinfuixmium. and deciimcliiomum. Anand 
e[ aL f 1972.1 successfully reversed perskLcnL pallaminc- 
Ukducod KUfOfBUKUhir panlysta in i\ ren.illy incompe¬ 
tent human pflcienc by use of artificial diuresis. 

Cl-lfrlCAl. flSE, Muscle paxalysis proceeds ai Uaf- 

ferart rmeN- i-n difiiTenc body regions after admin istra- 
tion of a neuroinusculiir blocking agent. Usually, head 
and neck muscles -are affected first, often within 0.25-1 
minute after injection. This cbncteristk is employed 
in a biokigic ttsMy (i.c., be^d-drop lest in rabbits) for 
determining potency of an unkrurwn concentration of 
cuvuv. The tail is usually affected wiih Lhe he-ud and 
neck. Subsequently, muscles of Ae limbs, are para- 
lyzed, then the deglutition and laryngeal muscles. 
AbdHUDil inucIg&B Ifliercostal nausdesi and ihe 
diaphragm are then paralyzed in ihis order. Recovery 

usually pnx'crcJK in the reverse of ihis ivcqutnuc (Hall 

1971) 

Attempts have been made in: clinical practice n? use 
Lhe scquenlial development of muscLe paralysis by 
udminislering doses of neuromuscular blocking agents 
ailcquaie Id paralyze anibudatofy tnusck but msufTi- 
cient to affect the diaphriigm This has wjC always 

proved effective, because mpifutory usufflcfocy "“y 

flill occEur, although the diaphragm is seemingly 
spared. Therefore, ii is imperuive ihai appaiiuus fuc 

ndmlnislerini* artificial respiration be available when 
neuromuscular blocking agents are used clinically. To 
circumvent the need tor inimedLalc eslablishmtjnl of ;L|i 
adequate airway and ocher emergency procedures, it 

WLMild MX’ii] w-im! Uj n^utinuly purfuniL lniL~hL!al inLubii- 

lion and institute artificial resplratiL>n whenever a neu¬ 
romuscular bloc king agent is used. 

Muscle rel4LsumLs have been used in clinical practice 

for several purposes: to firiUttie tncbeil into halloa; to 

pandyze respiiatury musele sc? iluii ;utiliL:i;il re^iiEratiLHi 

can be easily controlled; to increa.>vc muscle relaxation 
to Facilimtc surgical access 10 difticulL nnalomlc 
regions; to evoke muscle reluxaLion w lucilitaic ortho¬ 
pedic HumipulationB and, particularly, fhcturc nduc- 
tinn; and as part of balanced ancslhcxia procedures to 
reduce lhe amount of general anesthetic required. 

Tracheal intubation may he perft^rmed in a nc.manes- 
thetized animal immedijEely after n paralyzing dose of 
neuromuscular blocking agent has taken effect. Prior 
administration of a scdalbe or irunquilirer is advisable 
for humane reasons and to circumvent potential side 
effects Hurt may be preciptCaLcd by fear reaction lo 
paralysis. 

A wide range of doHfH of nciiromnscuhif blocks 
3ng jgenLs has been reported For use of these drugs 
during anesthesia (Hjuuim 1956; Tavernor 1971; 
Lumb aiwi Jom 1973k Often iNt varitttoe reflects 
differences in investigative piweduis of che original 

studies, e.g.* the use of difi'erenl ancvLhectcs and seda¬ 
tives, different salts of lhe neuromuscular blocking 
ikgeni. differtnl ncn^musclc prcpmtwni, anti in 
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some ca.«^ the use of nonancstheLiml subjects. Neu¬ 
romuscular Mocking agents should he given In eflect 
rather than by bolus administration of a set precalcu¬ 
lated daw. ll is advisable for these drags to be admin¬ 
istered by EibvCim during anesthesia and to be contin¬ 
uously condiled with muscle relaxiiiion much in the 
way that barbiturates ire administered for induction 
of general anesthesia. 

In dogs, ft. 4-0.5 nig/kg J-tuhocunarinc administered 
intravenously will cause generalized skeletal muscle 
relaxation, but hypotension frequently occurs as a side 
effect in ibis species. In pigs, Q,24).3 mg/kg rf-tubucu- 
rarme will usually a fiord acceptable muscular relax¬ 
ation; bkml pressure effects uni! Jess in Oiiiped^ than 

an ihe dog- Tuil’HNjLitLiiine is somewhat more potent in 
rum imuiils; doses, of Q.05-0.06 mg/kg have been sug¬ 
gested for use in young lambs and goats. 

Approximately I mg/kg gall amine Causes- complete 

muck paralysis in both dogs and eats wiihtn 1-2 uni Fl¬ 
utes after IV injedion and hm 15-20 minutes. A 
hypotensive respuim 3 may be induced in cate with gd- 
laminc but is infrequently observed in dogs, In young 
ruminants dunk and calves), 0.4 mg/kg gallaminc is 

effective,, whereas ihe dose in horses is 0.5-1 mg/kg. 

Solutions of succinylchciline should always be 
Tetri gem ted and kept on ice in the field, since tlite agent 

undergoes spontaneous hydrolysis. Han toon >(1956) 

reported that the IV ED Vl (dose lhu.1 redueed muscle 
twitch by SQ%) of sueeinyleholine in the sciatic nerve- 
guatracnemius muscle preparation of anesthetized dogs 

was 0.045-0,060 mg/kg. This dose did not effectively 
paralyze the respiratory muscles, however. and 0,085 
mg/kg was required to induce transient apnea, whereas 
0.Ill mg/kg and 0.22 mg/kg were needed to cause 
apnea for IK-21 minutes and 2.1-27 minutes respec¬ 
tively. In uraanesLhetized dogs, IM administration of 
0.12 mg/kg sueeinyleholine caused ataxia in 5 minutes 
and forced abdominal respiration in 7 minutes; recov¬ 
ery was apparently complete in 30 minulev. In ddflkal 

situations., 0,3 mg/kg suecinyldioline administered 

intravenously will usually afford good muscle relax¬ 
ation m dogs, whereas in the cat. I mg/kg may be 

required. In dugs, HfunoA (1956) reparted dial 0,15 

mg/kg sjiccinykhnline was effective in paralyzing the 
diaphragm during tboraeoiomy procedures. However, 
Eyvber and Evans (1914) suggested Lhe use of 0.5 
mg/kg SUCClnykhCiline for muscle relaxation in dogs 
during thoracotomy for opcn-heari surgery. This dose 
was iil vn reported to control muscle twitches evoked by 

inadvertent stimulation of nerves during use of ekcLm- 
vauicry. Rural ion of paralysis varies arid shmild be 
closely monitored. 

In rhesus monkeys* 1-2 mg/kg sueeinyleholine 
administered intravenously has been used lor restraint 
for tutefwtosis testing and endotracheal intubation 
(Lindquist and Lau 1913). In pigs, approximately 2 
mg/kg succinylcholiine is effective. Much smaller 
amount* f0.01 -0.02 frtg/kg) are required in cattle and 
sheep. Hunsson i 19561 reported chat (U34IJ mg/kg 
sueeinyleholine is required to immobilize non anes¬ 


thetized horses. However, the generally accepted d(W< 
of sueeinyleholine in horses, when used itkmtx is 0.(188 
mg/kg (Lumb and Jones 1971), 

StiCLLny Icholine has been used without anesthesia in 
horses lor casting arid reMraiiit during brief surgical 
procedures such a* castraikm, This practice should not 
lie condoned, because no sittadmcja is, afforded for 
painful procedures, severe fright is seemingly evoked, 
and pronounced cardiovascular disturbances and even 
myocardial damage may result, Sueeinyleholine should 
nert be used as a sole restraining agent during sUfgkaJ 

procedures but only in conjunction with a general or 
local anesthetic, 

Moreover, cure should always he taken during the 
u*e of neuromuscular blocking agents 1o ensure that the 
patient dues nu( simply remain paralyzed after recov¬ 
ery from Lhe anesthetic. This has occurred in human 
patients and ha* tad to successful lawsuits hy patients 
and receipt of monetary compensation. Although lower 
animals cannot complain, it behooves us as veterinari¬ 
ans hr ensure ihai tw patients are not inadvertently 
subjected (0 such excruciatingly painful incidents. 

Margin of Safety of Neuromuscular I nin.%miwiun. 

The concept of a margin of safety of neuromuscular 
Inins mission bears discussion in relation to clinical Use 

of these drugs. It has been estimated that a relatively 
large percentage of Lhe cholinergic receptors must be 
occupied by a curare agent before muscle tw itch fails. 
In tile cat diaphragm* e.g,, muscle twitch is urn affected 

until about 80% of the receptors arc Mocked hy rf- 

tubneurarine. and tw itch is run completely abolished 
until about 90% of the receptors are occupied fWaud 
and Waud 1912]. A somewhat greater margin of safely 
was found in dogs. Accordingly, for recovery of ihe 
diaphragm from the effects of a previous injection of il- 
iubocurarinc. only a vmall percentage (5% in dogs. 
I \<% in eats & of the rweptors need to be free . Therefore, 
and most important. ullhOHgJl to all outward signs 

recovery seems complete, over 80% of die receptors 

can still he blocked. 

Recognition of Ihis aspect becomes clinkally impor¬ 
tant in the postoperative recovery room and should he 

considered In patents that have been exposed to neuro¬ 
muscular blocking drugs and/or other myoneural 
depressants such a& anesthetics. As a patient regains 
some control of voluntary muscles, spontaneous respi¬ 
ration returns jnd may seem utnplHdy normal. How¬ 
ever, il must be remembered that at this Lime an 
extremely small margin of safety of neuromuseuliif 
transmisaidit vsisis, TliiU is. only a small percentage trf 

the postsynaptta reoepkwrs arc available fw jmeraeiion 

with ACh; this small fracimn of receptors is now 
responsible formainUining muscle contraction. Therc- 
I ore * if the palienl is then exposed lo another drug LhaL 
as a mide effect depresses nwremuwuhir function fcsfli 
though iri may he minimal or even norkLiecmhle nor¬ 
mally). disastrous ramphrations may result. Anesthetic 
mortality has occurred an humans LhaL can be attributed 
to such jntenctiOM. For example, Pridgen 11956) 
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reported the flnc^hctic deaths of iwo children wlm 
wore given aeniydD iuLnapcriiunrii,lly immediately 
after completion of successful laparotomies under ether 
jnesihesia. Initially, nspllftllfll was uxkquatc. but 
within a flboct time after administration of the antibi¬ 
otic, peniisreni apiun occuimL Dearth followed several 
hours Eater, h seems like]y thai the margin of safety of 
ncuromuseular transm iwnnn was reduced in these 
mfujiLs by ether, resulting in marked augmentation of 
[he neurovnusoituj blocking properties of neomycin. 
Piui-nger el ill. (WTO) Htkuibd a death rate in 
human patients experiencing antibitnie-induced respi- 
raicwy problems in fflymdH wkh flDCtdKtks and , 
neuromuscular blocking agents. Apnea eventual 
death in a irtmmatiwd doj were attributed to iintibiotk" 

(dihydrwtrepCc™vH:in.hindLK:ed neuromuscular portly - 
sis (Adam* and Bingham 1471). 

These examples illustrate potential problems that 
may be Indveflttlly introduced in a patient that seem¬ 
ingly is recovering quite well Aon anesthesia -iuid sur¬ 
gery. The margin of safety of neuromuscular [rditimis- 
sbnn should he c w M h hI any Uffit that anesthetics, 
neuromuscular blocking agents, or any other drug that 
depresses myoneural function are used in mullipk drug 
regimens. 

Clinkll Reversal of Neuromuscular l l urali si>. Trc-at- 
mvnfl (if persistent neuromuscular paralysis undtor treat¬ 
ment off inadveneni owdotlgie of iiHaioHiaXscitlar block¬ 
ing ugewls should be approached conservatively i Sevan 
eC al. 1992 k J lhe arulsaJ step should he immediate artift- 
ciul respiraLion and withdrawal of adminislratihon of the 
involved agent Often, artificial respiration will allow 

adequ jU_' limu 111 r I Ik: drug ki he Ji.spiiKed off by I he 

patient's system. ErpOAUt to other drugs that may syn- 
ergislicaJly internet with neuromuscular blocking agents 
should lv wnMcd. If a competitive neuromuscular 
blocking agem was mod, paralysis can usually be effec¬ 
tively antagonized by administration of a cholinesterase 
inhibitor such as neostigmine or edrophonium (Hilde¬ 
brand and Huwitt 19841, .Vet&tigmiw can he adminis¬ 
tered to small and large animuls by stow IV injection at 
the dose of 0.(122 vtigAf- Ec should he remembered that 
cholinesterase inhibitors will cause intensifiralion of 
ACh activity at boLh HfiUdc and nicotimc receptors. 
Atropine (0.04 mg/kg) should be administered prior Lo 
or in eonjuntLion with DHtitgmtaK iu dcctmveat Che 
muscarinic effect* of the toner drug (Klein et al.* 1983: 
Jones I WI5j_ Care sbouJd he taken lo ensure ihat paraly¬ 
sis docs not recur after antagonism by neostigmine: 
additional injection of neostigmine may he required. 

Because cardiovascular complications occasionally 
occur alter treatment with atropine and neostigmine, 
new ideas hive evolved in management of persistent I 
paralysis in palictUh ireat^d with, nimdepofari/ing neu- f; 
romuscular blocking drugs.'Hhese include substitution 1 
of qutenify ammonium muscarinic uriLugonivl* in | 
place of atropine (to avoid potential CNS effects of 
atropinei and substitution of pyridostigmine and edro¬ 
phonium for neostigmine. Pyridostigmine in eouihina- 


tti.ni wiih propantheline or glycopyrrolaftc, c.g., pro¬ 
duced less abrupt changes in heart rule iJiaii combined 
therapy of cither itropllfrlinitigl^ or alropdnc- 
pyridostigminc. Pyridostigmine (0,09*0.08 mg/kg), u 

moderately long-acting drug, and edrophonium (0.2- 
0.4 mgflkgj, u short-acting agent, when combined with 
eiLher propantheline i 0.05-0.06 mgikg) or glycopynm- 
luLc (0.004-0.006 mg/kg P, were reported to produce a 
rapid and effective reversal of pLLnninmiulit-indiK-cd 
neuromuscular block ill humans. with minimal changes 
in heart rate and almost no incidence of iArrhyiliniuu. 
(Gycrmek 1977). The clinical effectiveness of ihe 
above regimen in reversing neuromuscular paralysis, 
produced by tunipeUtive agents other than pancuro¬ 
nium or in other species should he examined. 

A new drug, 4-amimipyridiiii;. wu found Lo anLag- 
oni 7£ curare-induced DHfamiKUlar block: however. 
Lhis agent is noi a cholinesterase inhibitor. Instead it 
evokes release of ACh from rhe mulic nerve termi¬ 
nal. Advantages of 4-aminopyridine over cholin- 
esLcrase inhibitors include longer duration of aclion 
wiihiuiL muscarinic side effects. Thus concurrent thcr- 
ipy wiLh aLropiiK-like drugs is unnecessary. The CNS 
w ei tatwy effects of J-amarwpyridinc limit its use in 
dOHB adequate to completely unlugonizt curare 
block. However, thi:s agent markedly poteofiltel the 
anticurarc activity of dwlil>Hk«K inhibitor*. This 
combined therapy of low doses of J-afYiinopyridifle 
and a cholinesterase inhibitor has considerable poten¬ 
tial application codiliieal reversal fflf the nundepular- 
ijing type of neuromuiseulflf HKkiDg agents tMiller 

11979), 

Neostigmine ix rther chsdinestmse inhibitur* shuuU 

vmiL he used in ^tempts hi rvhk the effects of a depo¬ 
larizing agent iSunew and Hicks I97S), Reliable eheini- 
cal anti<kvte> are nor as^ihihle Icr thi^ group of agents. 
ArtiliciaJ respinudon may he required for a prolonged 
period. Injectiunof puritied pseudocholinesternse prepa¬ 
ration has been shown iu huteo recovery fmm ihe 
elfeci.* of VHCdnyktaoliH iS<;b<iller et *\h 1977). 

Because of the small thefapeubc index of neuromus¬ 
cular blocking agenis, their clinical use should always 
he superb ived by qualified cxpenenced personnel who 

are thoroughly faifeiiliur with ihe indicaEHinj^, Iimi 141- 

tiom, hazards, and methods, of adminKtratkm of these 
highly active drugv 
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Drugs Acting on the 
Central Nervous System 



INTRODUCTION TO DRUGS ACTING ON THE 
CENTRA! NERVOUS SYSTEM AND PRINCIPLES 
OF ANESTHESIOLOGY 


ElH.ENi! R KTEFFEY 


Infnidkhlifin In CNS Dnift-i 

Neumunulrimv and Neurophysiology 
Adiun of Drugs in Ihc INN 
Principles tfAnestbr^h® 

AlKSUKtk Uh¥ 

Aneslhevia (!la.uiM 

llasiis of Clinical \nc\lht:sin 

Iv-v LflliiLiLimi of Ihc Response fa Anesthesia 


Drug> ihaj act in the central nervous system (CN.SJ arc 
of fundamental importance to health care delivery. 

Sulfite ageuta Lire ;wl min isle red Elk animats uj directly 

improve iheir wdUbeiiig Fw e&airipfc,. wiihout general 
anwllKAift. modem su|eiy would non he pu^iHe, 

Some drugs- alter behavior and improve animal-human 
inBeruelBMl. They may induce sleep cur araiml or pre¬ 
vent seizures. Drugs ihat ael m the CMS are someiinses 
administered in an attempt to understand the cellular 
4iml mokeutur basis for CNS -iictfonv (i.e., physiology 
and pff|h<>phy^|Qgy)i and/or identify the Mte* and 
mechanisms of action of other drugs. Finally, CNS 
actions of some drugs come as unwarned '"side eiTccts” 


when them* drugs are used to Lreat conditions elsewhere 
in the body. for example, seizure* may result 1mm the 
injection of Iw much hmcul iUK^llhiic. 

The purpose of this chapter is. to, first, review princi¬ 
ple of ntrganizaJian and function of ihe CN.S. The 
intent is to lay a foundation from which later discussion 
on principles and applied aspects of CNS pharmacol¬ 
ogy can meaningfully follow. Uehavmr-allermg drugs 
and anesthetics arc routinely admmislered its animal* 
hy veterinarians and allied personnel. Appropriate use 
of these drugs is an important application of our knowl¬ 
edge of CNS phsnucokfy. Therefore, this chapter 
w ill conclude with a review of die principles of con- 
temporary veterinary anesthettefogiy. 


INTRODUCTION TO CNS DRUGS 


NEURjOANATCJMV AND NEIJUnPHYSIfJLOGV, 

The CNS consuls of die brain and spinal cord. As 
opposed to die pmpbenl nervous- system, which is 
mainly concerned with relay ing sen si try infolimiKW 10 
the hriuns and conveying signals to Ihc effector organs, 
the CNS is involved with control and coordination of 
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movement and higher Functions such as MittCloterttss 
and memory. A detailed discussion of rfecumanaiumy 
and ph^lokigy i 1 - beyond the scope of this chapter and 
ik available elsewhere. but a brief review is in order. A 
great dead of the information tn Follow has been synthe¬ 
sized from more extensive reviews -I Bradley L989; Guy- 
ton and Hall 1996: Nicol] IWSl Bloom 1996; Coopercl 
aJ. 1996; 5ihn and Nichols 1993; Unwin 1993). 

The basic funcUovuJ unit of die nervous system is the 
nerve cell, nr neuron. The neuron has three parts: u. cdl 
body, a dendritic free, and m axon. The CNS t 
billions of neurons. many of which arc linked and form 
diffuse networks. Because of fihe complex arrange¬ 
ments of these Hmnamission lines. un impulse may he 
(I) blocked in its rrans-missiun from one neuimn to 
another,, (2) changed from a single impulse into repeti¬ 
tive impulses, nr (3) integrated with impulses from 
other neurons to result in highly intricate patterns i>f 
impulses in subsequent neurons fGuvIcm and Hall 

1996). 

Nerve impulses are transmitted from one neuron to 
Che next via specialized structures called synapses, 
Symipses detenu me the path of spread of signals within 
the nervous system- Fur example, some synapses, easily 
transmit signals from one neuron to Mother; others do 
it with more difficulty. Other areas of the nervous, sys¬ 
tem can alter fuiKtkm, sometimes foeiliLining synaptic 
transmission by “opening " sy napses for EFiruanission 
and at iUher limes ""closing’" them. Thus, synapses are 
junction points and as such are sites of focus for con¬ 
trol of signal transmission. There are two types of 
synapses: (he chemically mediated and the electrical 
synappe*. The electrical $)rnip9t is characterized by 
chfiftfKh thill conduct impulses directly frum unc cell 

lo the neat. However, (he vast majority of signal trans¬ 
mission in the CNS iss Via chemically mediated 
synapses. An important characteristic of chemically 
mediated synapses i&thai unlike (he electrical synapse 
they always transmit signals. in one direction. Trans¬ 
mission is initialed when the first neuron fie , ihe 
proxy naptic neural) releases a chemical cuhstance 
known as a ncurotransmiLler. which impinges cm the 

surface «f (he ocher cell (the p^tsyiuptk neuron) (fig. 

9.1), Usually the cell body or dendritic region is the 
receiving end of the neuron. and the axon terminals are 
(he IfSlREHilEing end of the cell. However, other synap¬ 
tic ilTMgemenAs, such as axoaxonic and dendroden- 
dritte, also exist. 

Figure 9.2 shows ihe basic physiologic anatomy Lvf 
the synapse. The pre synaptic temiiml is separated from 
(he pwfsynaptic neural stroma by a synaptic cleft. 
Transmitter vesicles aro located in die presynaptic Bex- 
minal. These vesicles contain iransmider chemical* 

that when released either excite nr inhibit posfsynaptic 
neuronal Fund ions by way of receptor proteins on the 
postsynaplic neufun. 

The events involved in Ihc release of transmitter 
from the presymiplic terminal are initiated by an 

hnjNitse faction potential) that is propiLgmed. in the 

pres-ynaptic fiber and travels to the synaptic terminal 
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FIG. 9.1 — h-ifilpliliL'J ■■i.iiunuliL: cpf slifps in iffiLemeumn Irant- 

masHonoFa nerve impulse. S1) Action jiuuntiiul pnipagaUHl 

in- the prfsY JliiptiL' nCrVr, (2) IninsinilEcr wnlhif*ii, (J) tnim- 
nuner storage, (4) iiiBemeunMi lonsmitl^r hrv.Lkdnw n isr 
ifkieiivaiKM,. (S) uransrtiuitr release into the synaptic clrii. i;6j 
cmrunrilteT reupUke into prayufsk terminal (7i iraieiEinULT 
synaptic degr*drtk*i, (Si Iran s mi tier aftactuncfit u posuy 
imp Hk receptor. and (9) rec^ptor-induon! iiiLTejs* m 
decrease in ionic L^mduLiuneL' in- altered cel luljr process, 


(Fig. 9.2). There are a large number of voltage-gated 
calcium channels aJ this location, md the action poten¬ 
tial activates these channels (Sthra. and Nichols 1993), 
Calcium ions then flow into the terminal. The rapid 
increase in inlrulcrminal calcium -concentration pro 
moBfrS (he fusion of tnuismiEter-contiiini ng synaptic 
vesicles w iih t|k: presyhaptic membrane, 'Hie ininsmit- 
w us rx'IciiM'd from (he vesicles uilo (he njpiiL 

cleft and diffuses to receptors on the poalsynaptic 

m an b r a n e . TFi^ iuihuiiuL Of tninsmiEter released is 
directly related to the number of calcium ions tltni enter 
the terminal. 

Receptor proteins tin the membrane of the postsy- 
Haptic neuron have two important components: ll bind¬ 
ing oOtnponenl (hrnds with the ncurolTunsmiller) and 
an inuphore component, The inopboft compcmenff 
passes through ihe ntembram lo rhe interior of ihe 
pustsynaipric neuron. There ure two types oF inophore 
components. One type is ;lti ion channel. Membrane 
inn channels can be pictured as water-Hik'd tunnels 
through the cdl membrane and provide m aqueous, 
rouLe for specific types of ions to traverse (he 
hydro phobic membrane intenor. Cationic channels 
most 11 fitiv allow passage of sudium ions but sometimes 

potassium or calcium and «n¥ to estate the postsy* 

naptic merntwane ji.e., cxcitalory iransminers open 
these channels). Aninnic channels allow mainly chlo¬ 
ride Lo pass through and are opened by inhibitory trans¬ 
mitters; open chloride channels inhibit neuronal func¬ 
tion. Ion channels provide for rapid acLivaticwi or 

inhibition of neuron*! function. The other type of 

innphnre component is a H accond-messenger'” activa¬ 
tor: i.c.. the cnrnrponcnt protrudes into the cell cyto¬ 
plasm and activates suiMHrttes within tiic neural that 
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FIG. 91 —fekflK of Mmmnsmilfcr!!; the xynuppe. TTlt attkwi potefflul (|) amves m ihf nerv? itrniinaS (2) ami slupv litre, 
n cuuh the opening; oF calcium ctunnclE (3) (ntap gated J. allowing Cii” to enter ihe presvnapiki lemfiiukl, The Ca ,+ within 
ihe lerminal catalyzes a rwctiwi lending in liberation nf (ransmitter ( 4 ) from the tominiTs vesicle* into the synaptic tleft 15 k 


TABLE 9.1—Summary of small-mokcuk muratransmilttrs located in ihe CNN 


Thulsmilief 


Aewyktiolire 

MDflPMfniora 

Nnri’pinL'pilsTiciL - 

EtafmhE 

S-hydraiiyiiypt amine 

(ttfBUMKfll 

Am inti odds 
GiumniiimninnihulynL- 

acid (GABA) 

Glycine 

GkimWc ltd aspartate 


Aiuaomk Jotadm in CNR Receptor subtypes Hretkmuftam pfabtyuaplk action 


ClIL bodies al all levels 

Yes 

LseiEaUtfv land inhibitory i 

C'lIL bodies nil penis and brain sCeru 

Yes 

Lxcilutory land inhibitory > 

Cdl tain m flll level* 

Yes 

InhiNoy 

Cell bodn in brain stem and pom 

Yes 

(nhibimry (and t% ciunnty) 

SiipmspinaJ infcemcurnna involved 

Yo 

InhibHory 5 

ib prcsynifsic inhibition 

Sgmal and brain slein inJtemL'unins 


JnhihLkiry 

Relay noiitHB «ifc all levels 




Sfl*iree-.f fiuylcm and Hu.ll IWM; ENicwll 1WH; Rlonm IWfc C-nopcf et bL 1996; Bradley 


in Lurn stive us ‘"second messenger*"' to alter cell Fune- 
ckms. Unlike ihe results of kn channel activation by 
neuronal changes, the ncuxurnil changes- activated by a 
se»i^messenig.er system cause prolonged (i,e„ sec- 
□fids lo mouths | neuronal! effects. One ui' the most com¬ 
mon types of second-messenger systems in MUFSHtt 

U3M a prutchi kii-nwri as G proteins. 

Ch er 41) dillerenl neurmninsmitter substances have 

been identified. They are usually classified imo iwo 

major croups: Mnall-molecule, rapidly aeling transmit¬ 
ters (Table 9. i) and slowly acting. neuropeptide trans- 

milierc (Table 9,2) (Guyton and Hall 1996 k Marly of 
these transmitter* are -operaJilonal in the CNS, An alier- 
native transmitter clas&ificaliDii scheme has been pro¬ 
posed (Strange IMS) and h favored by some author! 

(Cooper et al. 1996). Further evidence may require ihai 
the more (radiiinnsil eiassificaiion presented hare be 
modified. 


TABLE 9_2—Examples uf neurupcplide 

neurntrunsmi tiers located in Lhc (NS 


p EiidLtrphiu 

Subscafire P 

Vassipressin 

Somiito&tBhiii 

Osytocin 

CbokcyicddiJn 

Grffwdi I'ms itiLiiur 

Angkri^miii 11 

EnVepkalin 

Neumtermn 


Neuro transmitters In the CNS. The sirall-mcd&Cuks 

rapidly acting transm iiiers are ihc ones of mosi concern 
Co us in this discussion (Table 9.3). They Eire synthe¬ 
sized in the cytosol nf the presynaptic terminal and 

tmm most of the res(kmses in 1\w CNS, Their actions 

on receptors usually occur within a miliiwcond or less 
after release. Afterward they either are destroyed 
(degraded ) locally by enzymes, diffuse out of (he 

cleft, or arc absorbed fey active iranspon back into 
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Fhnspholipid 

bydtndhreis 

4 

ticDsnn-aid-i 


Pmynifrtc 

\ 

Change in wnaant 
a! transmitter 
leJrasfiri! 


N c u r d 1 1 b n s rt« i tl e r 

4 

fie ccpt-nr 

4 

G Protein 



Uinrylyl 

tytt*ec 


Change in neitbrw channel acthHlv 



Chanyc in biDlogicaI responsr 


Adrnylyl 

cyclaic 


FHliynAjMJc 

* 


Chlfigc In liking 

pattern a! neuron 
or nil 


M, f ■ -Synaptic Erunsini.fi si on pathway. (PrHfl i'lujfwr et al, l9Mv) 


■ ■ HI! 


transmitter vesicle* (u,, rcupMkG) (Fig. 9.1). The 

larger group off nrijruLninMhiliers comprises the neu¬ 
ropeptides (Table 9,2\ which are very potent. slower to 
ad. and prelim in mikch smaller quanti-tie* than the 

small-molcculc tnflmiKeri. They arc synthesized by 
ribosomes in the meuronal cell body. Some, such as the 
endorphinv will be discusi-ied luler in thi* and Other 
di0eflx 

Ai? nuted above, the tffifid fflf Elbe trims mi Elen on the 
posEsynaptic neuronal membrune is usually to increase 
lw dee ww cHductuu thrnugh iun d iam wli; 
increased sodium conductance from outside the cell to 
inside causes esuriLulion. and increased poLassium 
(from inside 10 outside) or chlockk (from outside 1o 
inside) cowtiwimw causes inhibition (Unwin 1993). 
Ai inlwr cimes ihe iransrtiiiierSi stimulgic receptor-acti¬ 
vated cn/ymcs that in turn change ihc intracellular 
mctaholic processes. Many neuropeptides and biogenic 
amines act via this latter method, llial is, Ehe netm> 
Emn-smitLer (the “first inew:nger , ' , .l links with receptor 
proteins of the posrsymuptie membrane. The resultant 
conformational change occurring in the receptor pro¬ 
tein enables the receplor to interact with a second ele¬ 
ment in the system, the C protein. 11k G protein in turn 
innsduces Ehe signal to an amplifying enzyme (n third 
compo-tiero). This activity activate! a "second messen¬ 
ger” The second messenger ihen interacts with various 
eel I'jsbii proceniei to invoke the ultimate action tFig. 
M). Currently, three major biochemical tnntks have 
been described us second messenger* in the CNS. They 
are the adetvylyl cyclase (cyclic AMPk (uaoytyl 

Cjrdw, and phospholipid hydrolysis (cicchannid) sys¬ 
tems (Cooper et al. 1$M). The amines (Ude 9.1) are 
an example of neunsflranstiullers acting (Via cyclic 
AMP) in this general way. 


Kiwwledge of the CNS site* at which given neuro- 
tnauohtcn operate hiin.I the degree of specificity by 

which web she* arc affected is rapidly mounting, bui 
in many eases ® eliitr picture is root yei fiarmed. 

CluriKlcrJrtit? of Sume of the Mm Important 
SniulhMota-ula, Rapidly Acting Type of Neu.rt- 

tnumitlcrs 

ACETYLCHOLINE. Acetylcholine t% widely di^Lnbuled 
chroughoui the CNS The mechaiunifl by which acetyl- 
choline functions as a synaptic transmitter in Lhc CNS 
are s-imitur to those operant m dbe periphery fe.g., the 
neuromuscular junction). The transmitter is released 
(nun vesicles at the prayrupbc terminal and dHhises 

across the synaptic elcfl to act upon puoifaynapiii: recep¬ 
tors. It if I hen inactivalcd vim hydrolysis j acetyl¬ 
cholinesterase k As in the periphery, cholinergic rccep- 
Hft are of two cluttt! DUHCldalc and nicotinic, lb 
date, five munriltic receptors (M fe -Mj) ym Likiwu 
(Caulfield and Birdsall JWS'L and M, is abundant in 

I 

the brain. They are coupled 1o Ci proteins and cither act 
directly on ion -channels or are linked to a variety of 
second-messenger systems (Copper et a I I99fi), Thetr 
effect is p ri m ar ily to dtw K■, Ca* 4 , or Or channels 
depending on cell type, leading io eilherdepolarization 
or hyperpolarization. In nios.1 regions of the CNS the 
effects of acetylcholine seem to be the result of an 
interaction with a mixtuicof nkotiilc ud muscarinic 
recepton (Bloon IWbK While most actions are 
believed to be related to poslsynaplic rcccp<l(H*. ]t is 
known that presynupLic receptor* for acetylcholine 
e^isC at many nerve Ivrmtnals in the CNS, The fktfldiofl 
of 1he*c prcsynaptic terminals is to modulate release of 
neurotransmilLcr i Bradley 1989), Only relatively 
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recently have nkuEinicchollneiglc receptors been iden¬ 
tified in Lhe CNS. Multiple iuNypes are known 
(Kerlavagcct al. I9H7).There is as yet only Ijjnitcdevi¬ 
dence for a physiological rede for nicotinic receptors in 
synaptic (linelion in line mammalian brain i Role and 

Betg 1996), Recent review cm muscarinic receptors are 
summarized in Ciiylfield and Birdsiill; 1998. 

Norepinephrine, l .ike acetylcholine, the media* 

nisms by which norepinephrine fund ions in synaptic 
transmission in the CNS are very similar. if ncri idenli- 
cal. lo those in the periphery, However. unlike acetyl¬ 
choline, norepinephrine has an uneven distribution in 
the CNS* although (he distribution is similar among 
nioat mammals. Two regions of Lhe CNS that are man 
important in thi* regard are the locus cmiJcus- (caudal 

central gray matter of the bruin item) and lhe lateral 
and ventral trigeminal regions of Lhe medulla, (reticular 
format lOrtk Fruoti neurons arising in these Ideations., 
aXirfts innervate target Cells in cortical, stibcuertica], and 
spino-medullary fields. 

Norepinephrine mechanisms are considered impor¬ 
tant in ihe control of sleep and wakefulness, dkidd and 
eminitHMil behavior, and temperature, among other 
(unctions. In most hut not alt oF these areas norepi¬ 
nephrine probably activates excitatory receptors. 

Both cc arid |5 adrfiOUALtplun are present in lhe 
CNS. and as in Che periphery their actions arc further 
differentiated into a, and os, and |i families, each with 
their own further subtypes, Both pre- and pcwisynaplic 
receptors are present. Norepinephrine is pecraed by 
most of the postganglionic neurons of the sympathetic 
nervous system. The Cl. family is of particular inves¬ 
tigative interest aL present, and our knowledge in this 
area Ls rapidly hicieasing, More on this subject is pre¬ 
sented later in Lhss volume (sec also Ruffolo et at, 1993; 
Unibird L9WHL 

Epinephrine, The direct influence of epinephrine in 

CNS synaptic tranNinissiom was rocognized only rela¬ 
tively recently. Epinephrine-conlainiJig neurons are 
found in the reticatar formation of the medulla. The 
physiological properties of CNS neurons using epi¬ 
nephrine a* a negratniwmittef lire poorly wuderstood. 

Dopamine. In the CNS dopamine is a major neuvo- 
Lransinitter m addition to ils rote as a pnjeurMWr in the 
.synthesis a if norepinephrine. It is distributed hrtcroge- 
neousJy throughout the CNS The largest concentration 
of dopamine in ihe twain i* in the basal ganglia and (he 
limbic system. Dopamine in the CNS is Linked i« fine 
control -nt miKvvment. to disturbances- of behavior, and 
to the hypodudunicfjlullliy endocrine system. 
Dopamine has primarily ait inhibitory fuflctiuti, 

before 1992 two classes of dopamine receptors 
w ere recognised to distinct molecular entities, utilUe- 
ing different messenger systems and having different 
distributions in the brain. Dopamine-1 (D,| receptors 
are located povLsynaptieally and activate adenylyl 
cyclase a.s a second nfim^iier and ieknog levels of 


cyclic AMP. Dopamine-2 <D,} receptors are located 
both |i re - iiiid poslsyna (flit silly and inhibit or have no 
effect on the synthesis of cyclic AMP, Molecular bio¬ 
logical approaches have identified additional forms of 
the dopamine receptor. Results, indicate that the D 1 
and D, subtypes- represent families of dopamine 
receptors. lor example, subtypes L>.and D, receptors 

are similar in action so P : and am prototypk of G- 
protein-coupled- receptors that inhibit adenylyl 
cyclase. The ID S receptor i* similar to f>, it couples to 

the G protein and activates adenylyl cyclase, The D, 
receptor is of panicular Interest because of its hypoth¬ 
esized role as a therapeutic target for treatment of 

schizophrenia and drug abuse in humans (l.evanc 

1997: Missale el al. IWH). 


5-H¥DROX¥mYnAMINE. This KiirotransmitLcr is 
alwi known iis 5-HT or rerotofdvi and has strong 

inhibitory actions. It inhibits pain pathways in the 
spina.I cord -and is believed to help control behavioral 

fUGfld- Inhibiilofi results from mmhnuK hypetpufar- 
izarion caused by mi increase in K + mduduct 

Hie neuroLransm itter 5-HT is present in highest con¬ 
centration in blood platelets and the gastrointestinal 

tract, Most of the 54lT«»**oeianed neuronal fttlfaways 
originate from lhe pons and upper brain stem regions 
and project to many brain and spinal cord areas. Multi¬ 
ple distinct 5-HT receptors and subtypes have been 
identified in Lhe brain 114 according to Bloom 19961. 
Proposed CNS regulatory functions of ..VHT-conlam- 
ing neurons include sleep and wakefulness, mood and 

emotion, temperature, and appetite and neuroendtacrine 
control Presynaptic auiorecepfore on 5-HT terminals 
have been found in the brain, SttmiNlaikon of these 

receptors inhibits the release of mure Iran s ml tier. 
Presyuaptic 5-HT receptors have -also been found on 
nerve terminals that release other neurotransmiLLers. 
■e.g., dofiaminc (Bradley 19R9). 


HISTAMINE. (July recently ha* evidence been accu- 
niuhilcd to siippirl the hypcHthais that bisiamine 
functions m a neurotraiismiuer in lhe brain (Schwartz: 
el al. 1991). Most of (here neurons are located in the 
puslmoT hypothalamus. Three subtypes of histamine 
receptors have been described i HH.., and H i, imd nil 
Me feumd ill peripheral tissues and brain (Bloom 
1996; Hill el al. 1997). The I'unLlion of this system in 
lhe brain is uncertain but it is ihoughl Co be involved 

in Lhe regulation of arousal, temperature,, and vtoculdkr 
dynamics. 


AMINO ACIDS- High eomamdonii of certain amino 
acids are contained in the CNS, From a quuntitative 
Mandpoinl Ihey arc likely [he mujnr ir-jnsmitters in the 
mammalian CNS. They fall into two categories; (I) ihe 

picdmui iiiliii ly iiihihitucy, neuLrul acids, y-aminolutyric 

arid (GABA) and glycilK. and (2) lhe preduiiii nantly 
excitatory, acidic acids, plutamaie and aspwtlte. They 
Dire all extremely potent mndifters of neuronal 
eaeitabiljiy. 
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GABA. In 1954, T-lfnllHltfyric acid (GABA} was lint 
proposed s* Osn inhibitory neurocraiksmitter in the mam¬ 
malian CNS. Et is distributed widely in Dm CMS; how- 

mr, it* concentration Varies ill differenl region*,, with 

the greater! concentrations found in ilw basal ganglia* 
hippocampus, cerebellum, am) hypothaDiimis in ihc 
beam and in the suhslanlia gelatinoxaof I he dorsal hnm 
uf the spurn! cord. Large cunccntralions are also found 
in the retina. In boLh the brain and She spinal cord, 
many of the GABA-contuinmg neurone arc short 
BfcffMJEtni- GABA ha* a pnajur functional rule in the 
control of spinal and cefcheLL&f reflexes GABA is 
Involved in the induction of convulsions and may also 
be Important in anxiety states-, ft is considered (he 
major inhibitory transmitter receplor in the CMS, Stim¬ 
ulation causes a shift in pustnynaplic membrane per¬ 
meability to inui^anic ions, primarily chloride. This 
result* in hypecpokriulkn uf due receptive neuron an 
the case of puslsynaptic inhibition or depolarization 
with presymiptM inhibition, 

There are two major types < families ^ of GABA 
receptors (Bumuid el al. 199M): C5 ABA a (Bowcrv 
I9M) and GABA a (Okm and Tobin IWd; Bowery- 
1993)- Tlh: types an? pharmiKulogically separate and 
have different secorkl-ineMerLger mecfaiJliJfltl ami. dif- 
Irreni Locations within theCNS. Both receptor families 
have pre- and poslsynaptie locations. 

GABA a is the mcn«l prevalent family. The GAHA^ 
receptor is a ligand-giled Cl" ion channel that opens 
after release of GABA from pmsyupdc neurons. 
Classes of xuhunito are described a* CL J), 7, 6. E, rc. find 
p. Many neumactive substances (c.g., uJcnhul. harhiiu- 
nU.es and benzodiazepinesj facilitate the effects of 
GABA a on Cl conductance. Further informalSofi is 
given in LSieghurt 1995 and .Barnard, et al. 1WH. 

The GABA^ rccepnif acts via G prcneLn to increase 
conductance in K* channels. The lunctkmal role of 

OaBA h rocepfton in the CNS is poorly nade nto od 

GLYCINE:. Glycine appears io serve as ihe inhibiting 
transmitter between spinal intemeutons and motor neu¬ 
rons. Like GABA it acts by increasing conductance of 
Cl. Its actions are poorly understood but seem 

■^Mnrted clu ilw? Sfwmyl Icpwpr hrapn Stem, *1"d 

retina. Glycine *ubcype* have been described but their 

furiCEHriLa] ligiiEfiL'ujh.'^ in Ant known. 

GLUTAMATE: AND- ASI^RTATt. Glutamutc und as par- 

late occur in uniquely kifji ccuMenLration^ in iIk brain. 
Gbtaute i* conrideml the primary euftatofy irans- 

milter in the brain and spinal cord; it is estimated to be 
responsible for TS** of Lbe excitatory transmission in 
die bindrt. Aspartate is also likely a principal excitatory 
transmiller throughuul the CNS but its function ha* 
been less well Studied. 

Glutamate receptors are dwifwl as two types: 
mct£hoirrtpk (G-prote&a-couptod) receptors and 
■nootropic iligand-galcd ion channel) receptors. The f 
ion-galed receptors resemble GABA, receptors and me \ 
further divided into three types named for site cozeners i 


of glutamate to which they respond- ;ue the 

kainate receptors, ihc ^mi niv .Thyijj^s y- S- iiKdhy 1-4^ 
Lsoxazole pmpionic acid (AMPA) receptors, and the A'- 
methyl-i>-aipanate (NMDA} PwptMI. The kaiuale 
and AMPA it rt p tdn are simple ton channels that per- 
mil Na* influx and K r elllux, while the NMDA ncep- 
lor permits passage of Cl** (Kaczmojek et al. 1997). 

Ttt IHOI year* the NMDA receptor has hecome a 
major focus cpf iitumlion because it may be involved in 
a wide range of both netir<»pliysiokigic4d and pulhutog- 
ical processes. For example, aciiiuis of these receptors 
are very tdttthdj blinked by the dissociative anes¬ 
thetics ketamine ujhJ phencyctidme. which enter and 
block the open Lon chlfHttL Then? an? considerable 
potential therapeuiic benefits from iJlis action, e.g., 
inhihition of epilepsy and the neumtoxic eflects of 
brain ikehemiu- 

Nmur Oxiffir Niirie oude (NO) occurs ill region* cD 
the brain that are responsible for long-term behavior 
and memory. It differs from other small-molecule 
trtuismitkTs in that it ib m>l preformed and stored in 
vecicte* in the presynaplic terminal but instead is syn¬ 
thesized nearly Lnsianily as needled and then rapidly 
dilfu-scx. out of the terminal. It also usually docs not 
alter meinbraiK' potential but acts by changing intracel¬ 
lular fund inns ihul in turn modify neuronal excitability. 

NBUVDOremDBL The peptides differ in many way* 
from Lbe neuroUansmiltcn> thus far reviewed. They are 
pouter in number of known substances, prcienL in 
smaller qtiafHities. and tv mure potent Their synthesis, 
is directed by niesscn^r RNA and is much rm.ms com*' 
plicated than lhai of the classic ncurotnikiSlitter, taking 
place in ribosome*. The prohonom so priKluced is 

larger diaii the ultiiiMte tranxniiilcr and UofogkuUy 
inactive. It is packaged iniu vesicles in the suu*nh 
cnduphLLsmk: reticulum and Lransported to the nerve Lcr- 
mirud for later reletise by a calcium-dcpendcnt (like the 

chnic tFammJtlflr) proem. After nekue, the peptides 
arc probably noi rocyckd btit ioackmled by enzymebc 

breflkdown. 

The ncunipcptides. arc Ihnugjhl to act on specific 
receptors; however, few have actu-uJly been identified 
or characterized. Like uther neTiruLransmitlcrs^ some of 

J ihe pistsyxiqqplig effecls ?rc pmhqhly medlBCcd by 

I direct alteration of ion channel CLinductance or indirect 
regulaiion of ion channels via second-messenger sys¬ 
tems (Cooper et lL 1996), Current Lhought also 

I includes the p.issibility that they art in COdttfl with the 
small-molecule neurouansmltters discussed above. 

] That is, in many cases the neumpeptidles are present in 
the same terminals as the small-molecule neurotran^- 
mitters and an? released logeLber with them. Jnsesliga- 
tors thus speculate that the action of neumpopticte* may 

he to simply ex^nd the nnnameniaritim of she mes¬ 
senger molecules to enable transmission of an enriched 
message that requires more than one type of transmit¬ 
ter for lLh full effect: that is, the pepLide embellishes 
whirl the primary tnuismitter “aeefc*" to accomplish. 
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Far example, the action of (he peptide mighi he io 

strengthen or prolong the primary ttanMniiier .action:* 
(Cooper eta]. 1991). 

Many peptide Families acting m neuratran s mi 11ers 
have been characterized to date (Table 9.2), unit more 
.surely to conic. Only two of these will be hr icily intro¬ 
duced here an examples. 


SlfBSTANCB F. Substance P has been known for more 
than six decides, being initially identified in the brain 
and intestine. The primary effect of substance P reka*e 
in she brain i* m excitatory action on dofHminctgk 
neurons (Bradley 1989). Prolonged duration of action 
is a promincnl Finding associated with substance F. Et is 
commonly accepted that it is the neurotransniilter 
released by primary afferent nerve fibers in the dorsal 
hum of Che spinal cord and mediates sensation of nox¬ 
ious- stimuli. 


OPKXD PEFTIDESr These peptides have agonic activ¬ 
ity iri opiate receptors. An opiate is a substance derived! 
from the opium peppy Hurt has analgesic properties. 
*,g. p morphine. An eiulucrphii] is any cJtgfHCid substance 
naturally farmed in the living, animal (i.c., endogenous) 
that exhibits ptuirmuecdogical properties of morphine. 
The endorphins are inutMiiilteiv al a number of synapses 
in life pain-modllhutly mediiinisni. Midi as chaw related 

to the periaqueductal and periventricular gray mailer of 
the CNuS. The term emtnrphin actually encompasses 

what has become a Family of opioid peptides currently 
viewed as comprising: three branches: the pro-opiomc- 
lamKnrtin-denved peptides i.e.g., P endorphin, the mist 
potent of Lhe natural opioids), Lhe pnoenkephalin- 
dcfived peptides (e.g. B Met-enkcphalin and Leu- I 
enkephalin), and ihe prodynorphin-Ltcrived peptides j 
(c.g., dynorphink The peptides derived from 
proenkephalm and prodynorphm are widely distributed 
throughout lhe CNS and often found in, Lhe same area. 

whereas those derived from the prtK>piamdancxxmlii 
branch have more restricted distribution. c.g., anterior 
and intermediate lobes of the piluilary gland. Current 
thought is Chat likely die shorter-acting enkephalins ore 
neurotransmmers, and lhe longer- acting peptides like [i 
endorphin have more of a modulaLinp ]homional) effect 
on the CNS. The enkephalin* and |i endorphins ore 
involved in mediating analgesia. Subtypes of opiate 
receptors are generally rccugniicd and include mu (|i)„ 
delta (Sk and kappa I k). It is presently unclear whether 
or nol u fourth type, the sigma (dt) receptor, is actually a 
true opiate receptor. There are also some data to indicant 
that |i (PaMfifnak and Wood 1 946), & (Wild et al. 1991; 

Negri et al. 1991), and k {Rodtnian tit id- IWtt; L-nter- 

waid ci oh 1991) receptor* wnaasl of multiple flMyper 

T he p receptor is thought to be the site m which mud*- 
gesi-ii is mediated in Lhe hrain. Morphine and p endor¬ 
phin are potent Agonists (enkephalins iless so) of recep¬ 
tor activity, and naloxone is a potent aniuguniM of 
receptor activity. Stimulation of this receptor is also 
OA-WCiflC-ed with respiratory depression, dependence, 
miosis, and decreased gShiroiritesrinaJ propulsive maiil* 


i]y. The & receptor is strongly influenced by Leu- 
enkephalin, followed in order by Mct-cnkephulin. fi 
endorphin, and morphine. In addition to analgesia these 
receptors are thought to mediate behavioral and sedative 
aetions. The k receptor is stimulated by dynorphin and 
mediates spinal analgesia hut aLso causes dysphoria. 


ACTION OF DRUGS IN THF. CNS 

Sites of Drug Action. Drug action i n the CNS may be 

specific Of nonspecific. Many drugs produce iheir 
effects by specifically modifying some step or mecha¬ 
nism in the chemical synaptic transmission of nerve 
impulse* Lhat was reviewed above (Fig. 9.1). For exam¬ 
ple. nerve impulse conduction can be prevented by 
applying local anesthetic to the nerve Fiber, as occur* 
with epidural .meslhesia. Synaptic transmission can be 
blixked or depressed al the prexynaptic silt by hailing 

transmitter synthesis or storage. Rif example, re&erpinc 

interferes with the intracellular vlorage of monemninev 
and thereby Limits their aval lability for release from the 

pra*ynapeie cell terminal, Other drug* increase Use 

release of transmitter (e.g,, amphetamine), thereby 
causing a heightened (in this example. stimulant) 
response.. Drugs may affect the reuplake (e.g., coc aa n e) 
Or degradation fa.g.. pl^sostigmine) of drugs, once they 

are released into die synaptic cleft. On the posfeynapiie 
membrane drugs may act like the neurolransmifler m 
the receptor (<*.$.. npiokhi) or block receptor function at 
the level of l he receptor nr affleci further ironsduction of 
the signal from the receptor (U M ion channels, enzyme 
systems, etc.). 

On the Other hand, some drugs- are nonspecific in 
nature: i.e.. a drug my affect many different target 
cells hy diverse or pcHifly ur^erstrwd mechanisms The 
inhaled anesthetics represent one such class of CNS 
drugs. 


RliHid^Bnim Barrier. The- boundary between The 
blood and tissues of the CNS is Less pienihrable to large, 
waltT-solubk\ and/or ionic molecules than that 
between blood and tidier I issues, lhe barrier that limit* 

the penetration into the brain of hydrophilic substance* 
like dissociated acids, bases, and proteins is known as 
the hk^Hj-hmiii harrier and has important pbamuten- 
Logical charaetfristH:*. The barrier exists both in Lhe 
brain tissue capillaries and in lhe choroid plexus (i.c.. 
the bkxpd-cerebtospinaJ fluid barrier) and is created by 
the uniquely light jumnoils tsetween the brain's capil¬ 
lary endothelial cells or ihc epithelial cells of the 

choroid plexus and by lhe c lose association to capillary 

walls of glial cells. The barrier, however is not 
tibsduter Water, carbort dioxide, oxygen, and most 

lipid-soluble substances like anesthetics freely pa** 

through cell membranes and gain entrance to I he brain. 
Hciwever, the bluod-brain barrier makes it very difficult 
CO achieve ■effective concentrations ol :non-lipid-so]uhle 
drops in Lhe cerehmspaniil fluid or parent 
brain.. 
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A selective uclivc-trajisport mcehani*m is, available 
lor some substances. Kccenl evidence indicates that 
hoah the ehi.woid plexus and Lhe bum pareochyivuiI 
capillaries hove separate, specific, carrier-mediaied 
transport mechanisms to transfer micmnutrienls. fe.j?., 

vUinhu), flUcmutrienlA (e.g., glucue, ammo 
tods),, kw, and certain other substances between ih* 
blood and ihe extracellular space of [he brain and 

ecrehcospinal fluid (Spector 1990)r Several iy|ies of 
carrier-mediated irans-pnrt systems exisl in plasma 
membranes and other pads of [he call. Water-soluble 
and ionic substance* mutt use carrier mechanisms on 
each sidle of the cell lo penetrate the brain 
parenchyma. These systems are bn.3a.dly classified 
into three group*: til active trunspuit. i2) facilitated 
diffusion, and (}) enduhomal transport, in which sub¬ 
stances arc taken up by an cnergy-rct|uiring system 
into endriM.imal sacs and transported into or out srf the 
cell via these sacs. 


PRINCIPLES OF ANESTHESIOLOGY 


Anesthesiology it defined as the art and science of 
adminisiraiion of anesthesia. The term also describes a 
dipflcil specialty of medicine I including \eEerinary 

medicine) that rnterged during [he early IWUv when a 
few physicians began devoting fuJ] time to the clinical 
adiviLiiisiraiioii of iwfefea Ancsthesioh^y was ofFl- 
ciatly recognised as an ofgiimzed specialty in medicine 
with Lbt establishment in IMS of a peer-certifying 
body of physicians, the American Btuird ®F ArteMlu^i - 
okfiiti (ABA>. The ABA was an adiliate board nf the 
American Board of Surgery and in 194 I became an 
independent hoard. ]n addiiion, in 1940 1 sueiiLKii of 
aneslhcsjology was formed within the American Med¬ 
ical Association. In I97_*i the American College of Vet¬ 
erinary Anesthesiologists wu offldiDy Rcogfliud by 
tint; American Veterimiry Medical ASMKitttot) as the 
hiidy to certify veicrinajfians & special i.\U in veterinary 
ancslhe*ia. Broader summaries of the development of 
anesthesiology arc - available elsewhere {SmLthcon 

1971 : Vandam 1994 k The central role of the anesthetist 

is i 1 ) to apply mclht>ds to minimi re or elimiiLBie pain, 
relax muscles, and facilitate patient restraint chiring 
surgical, otMHfkal. and other medical, diagnostic, and 
iherapcui ic procedures and (2) to monitor and support 
life Ajutim in patients during ilw qxotfve period ns 
well ai in ariUcaUy ill* injured, or otherwise fenowly 

ill palkm*. The ski I In and knowledge that have devel¬ 
oped in the field have extended the clinical practice of 
anesthesiology Into intensive care, cardiac and pul¬ 
monary resuscitation, and the control of pain problems 
unrelated to surgery. The word anes-lhe^ia is derived 
from the Greek for “insensible"’ or “without feeling " 
The won) di.se* not necessarily imply ios* of con¬ 
sciousness. In lhe realm of veterinary anesthesiolu^ry. 
anesthesia and iDHthetks me used for l variety of rea¬ 
son I'Tahle 9 J 1 


TABLE 93—Us* of pitLNtheUra in animal* 

■.. ■ ■ ■ . ... 

Bliminaihm irf >envjbiliiy to noxious snmuli 

Muneuie njsLrauil pmlecl ;uiiin;il 1 fjcdilale diji^ tuivIw.' 

or suig kal pncedBR) 

IcehiuLLd etlleiunL'y f£.g.„ pHUCf perMMincL, IjK'i lilJhlif 
JiLLjrHv.Ciir nr vuryi l jI pmc-fdiirei 

Specific biomedical nurdi tool (e.g^, deep lk«) 

Control flf ccwvbkm 

EffldlLUILLnta 


ANESTHETIC USE 

Perception of Nnhn Stimuli I Fain], P rov e PtiM oS 
the perception of a noxious vLimuius during surgery is 
the primary justification for anesthesia. A noxious 
stimulus is defined as a stimulus Ibid is potentially 
damaging to body time, NLKaceptHiu has ihi uiEiulmHal 
or perceptional connotation. The stimulus triggers a 
reaction in an animal, including Lhe feeling of pain in 
humans (Bcuci 1990 ). Pain is an unpleasant sensory 
and eminiunal aperiau; it i§ a perception, not a 
physical entity, The perception of pain depends on a 
funeikinmgE cerebral cnnex P The concept of pain 
includes several inLcrdcpcndenl dimension*: ihc sen- 
sory/discnmm 4 Uive and mtHivaiional/alfecLive. 

Il is not the intern to sidetrack here into semantic 
issues nr to belabor whal are Lo some line points, hut it 
is necessary for HHfldHKU Lo sirens that enntempo- 
rury rea.Mimng holds lhal pain is a subjective response 
in conscious human heingv VS-Tie-n considering "pain” 
m animals, it is important to recognize that our knowl® 
edge of pain in animals is largely inferential. We 

appn-Hch the suhj^Lt wslh “lhe Lacit ^Nsumpt]i.Mi. . . LhuL 

StilllllLi 4:1 If4; il43XBLH|ES 411^.1 SCl^SSHg dl^Hllgh g|*>C W lO 

llw perception of pain in animals if the stimuli ore 

Lkieeic:d as pjifi by human beings, if ihty ai letFt 

approach or ewml liuw damaging pnpHtioD and if 
ihcy produce escape behavi^w in. animals” (Kitchell and 

Erickua I 9 S 3 ). 

Classical Apphoath to Mechanisms of Pab. 

Before further discussion of method* by which insensi- 
Civity is ’pnHluL'jjd, It :li hcJ|plul U\ hrinfly review |lw 
mechanising whereby an individual becomes aware of 
and reacts 10 a noxious siunulus tE-'ig. 9 . 4 L This inclu¬ 
sion here is justified on the basis that knowledge of 
these mechiutisms often the clinician largels for single 
u? multiple attackv in 4 lu uLtcmpt in abolidi ut minimise 
pain. 

Acuic pain ihm i.N pmvnkcd hy disease or hi jury 
(planned or unplanned) is the net eflcct of many inter- 
ailing and complex uiuHomu: palh* and physiological 
mechanisms. Tlie vtimulus excites a specialized recep¬ 
tor organ, the nockcpioc Nccfoeptore are disLritHned 
Ihrougbcut the body but are frequunlly g.Tiiui.'ked -ji^ 
sornadc [cutaneous, muscle, b(?nc. joint. furiuLlior vis- 
cenil. Nftcicepeurs are luculcd at the Cenninalinn of Cm 
nerve endings of small poorly ivtyelmurcd m lummycli-- 
nated A-della and C afferent nenes. The Dockcpton 
transduce Ihc stimuli inlo nociceplive impulses that are 
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HO. 9.4 —Events III iliL' icacliuii to u noxious stimulus. 


iran-smitled to lilt 1 CMS. Impulses (hue originate from 
ureas bebw lhe head me Iransmitted via libers that 
synapse with in! emeu rotes or sfiddntknlff neurons- in 

the dorsal horn of the spinal cord Impulses fruoti Lite 
head travel via fibers. within lhe cranial nerves m Lhe 
medulla where they synapse with neurons in the 
irig-eminal nuclei i medullary dorsal hum). la the spinal 
cord the signal is subjected to a variety of potential 
modulating influences in the dorsal horn. For a long 
lime the dorsal hom contidml to perform simply 

as a relay station. More recent evidence indicates- Li con- 
iains m incredibly complex circuitry and rich biochem¬ 
istry that permits not only reception and irjinsmissinn of 
nodcepLive impulses but also a large degree of signal 
processing. Alter being ^uhjeeled to ihese modulating, 
in Il uciices, Mime ol the impulses may then stimulate: 
sonitucEpnwtnr and pregunglknvic sympathetic neurons 
and provoke rooeifensive reflex responses. N'neieefUive 
impulses also aclivale oLher neurotic making up lhe 
ascending systems (hat pass Co Lhe bnn stem -and brain. 
Supraspinal systems Ilia I are probably involved in pro¬ 
cessing nockepii^ informal ion to progressively higher 
levels of awareness include the rciieuktr formation, lim¬ 
bic system., hypodulamus. thalamus, and cortex. 

Acliviuion of the reticular Formation. results in jbnjpi. 

awakening, diffuse alertness and Inkteikm of protec¬ 
tive homeostatic responses, In lum, affective (emu- 
tionail) alertness is obtained through eon ical arousal. 
The animal is mm fully knowledgeable regarding die 
cause and siren gih of Lhe noxious stimulus urid jig. rdu 
ciiiifiship Co the envirunnieiiL. l"hc animal in turn reacts 

with a eoordiiriiuied response, 

For more detailed anforniahoil the reader is referred 
to BtHiica im. from which much of ibis summary has 
w.ni*. Willis l9H?k arid Wall and Mel/ack 1994. 


Immobility. Although the primary reason for anes¬ 
thetic delivery is lo render the animal insensible 1o 
pain, restrain! and technical efficiency are also long- 
recog n i tA d importan t coils idem i oils. AI thong h 
viewed! as an cslreine in approach today,. Alexandre 
l.iautord, a Frenchman, noted an his IS92 Afmwl fif 
Operative Veterinary Surgery: ’ In veterirwy surgery, 
Lhe indication for anesthesia has not. to the same 
extent m, in human, lhe avoidance of pain in the 
patienl for its object, and though the du ties of lhe vet¬ 
erinarian include thal of avoiding the infliction: of 
MttHiceSHsm pain as much as possible, the admini sEiar 
tkm of anesthetic compound* aims principally to 

facilitate the performance of the opera!ion for its own 
sake, by depriving the pattern of the power of 

obstructing, and perhaps even frustrating its execu¬ 
tion. Lo his own detriment, by the violence of his 
struggles, and line persistency of his resistance, To 
present Lhese, w ith rheir disastrous consequences, is 
the prime motive in lhe induction of the anesthetic 
state” (quoted in Snurikoi 1971k More in keeping 
w ilh contemporary thought arc the words of George 
IL Dadd written in 1854 in The Modem Hone Dm~- 

fuf? ,L We rwoiiimmd dial. m all operaiioms of ihis 
kind, ik subject he Cthcii/ed. Ill it only 111 view nl pre 

venting pain, but chat we may; in (he absence of all 
draggling on lhe pad of our patient, perform the oper- 
alion saii^fiCtorily, and ill much less linrie alter clher- 
izaison has taken place than otherwise. So soon as lhe 
puttetw is under lhe influence of dial valuable agent, 
we have nothing to fear from his, siruggltes. provided 
we have (he assistance of one experienced to mJitiimis¬ 
ter il” (quoted in Smilhcors 1971k Many of these 
^ume clinical principles can and should also be 
applied directly Co the research envirombtent. 
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TABLE 9-4—Ruuies by which anesthetic 

nr aiieslihetk adjuvant dr up: arc administered 

to aninnab 

I. 

Ou CQtHHU 
h Mul-'Imjs iikzinhrarH: 

2L Injection 

|L lnLra^LiuiLi^ 

h Subcutaneous^ 

L‘. InLmnujsc’iiluj 

d. tenporiilnHal 

c. InlraiHKULiiis 

3. Ga^lrvaratecinaj iraci 
4i. Onil 
h. Rteal 

4r FtafteHTy lyiUH (c.g.. toUldH) 


TABLE of tMStbesto tetd on 

eirlinl nf loss, of tims 

1, t jixjU regional: druj^s placed in clofrV proumi-ly In nerve 

membranes. caiLsiiy; tLUbduL-ciun hhxk 
a. TiTptcul or Kuriiaoi 
h. Artu ii'ilillruli-iKl 
L Subtle utili! 
ii. Inlravcnous regional 

c. PenncurLil (i.r., nerve trunic y 

J. Px’riiJuffll (Le,, epidural m 1 caudal) 

C. ^uTsxranhiKHiJ spatial) 

2. General reedheu: ^Lale of cotindoi imribk CNS 

deprew^sn f including unmniNt.'HHJNWLNl pniducud by emc 
or PTiulLipk drags 
a. EfijurfiiMe 
b- Mdiw 

ei, ttnftiilk'vd 


ANESTHESIA CLASSIFIED. Anesthesia is pm- 
khkd by budi chemical tee.. drugsiand physical (e.£., 
sensory nerve dofmclifllj means. AlWlllrik drags are 
frequently das-GHed according to thear mule of udmm- 

imdn (Table 9.4). Suae ikup am only suited for 

ccrnimnn delivery via tme mute, c.g., ihe inhalaiion 
anesthetics. while many of the injectable agents may he 
■dm Interred III ji variety of different manners depend¬ 
ing on ihe liruj jiy.S fte dotted end point of effect. 

Lucml and Regional Arml hesia, Anesthetics arc also 
dtttiflcd according to the region of the body influ¬ 
enced (Table 9.51. Fur example, a local anesthetic Is 
administered.. usually to conscious or mildly sedated 
animals. fci desensitize a localized or regional area of 
rhe body. Tc is depotsiied in close proiciiHiiy tu a iurve 
membrane, causing nerve conduction Hockide. 



FIG 9.5 —Tlii,* i» ct tfa ctk eonlinuum u* vinvvd dW«iJy in 

■ 

a hrnllhy subject. 


electrical activity in the brain and decrease brain mty- 
gen couunpftaD. fhi this basis it is proper to charac¬ 
terize aesttec agents as CMS depressants. 

Basic elements of general anesthesia in humans in 
addition to revcrsihilicy LnuLudk loss of awaieaivxs 

(wBomriwinw),, no recall of events at the coucwui 
level -Iamnesia), conscious insensitivity in pain (amd^e- 
siaK and muscle roiwuNHH and diminished motor 
response Co noxious stimulate. In ncocnl years the 
importance of minimal autonomic nervous system 

response to roouous stimulation has boon also empha¬ 
sised In clinical applications. 

General anesthesia has traditionally been considered 
a dose-re lated vunlinuum u-1 a series of events passing 
into each ocher (Fiji. 9.51, from a Leu wakefulness 
through lethargy and drowsiness (sedation^ uncon- 

sebuusness (with and without somatic and visceral 

■ 

response to external sLimuli), enma, and death. The 
wakefulness to coma series implies progressive loss of 
higher CNS fcnrtieaJl fkttcddd followed by depression 
of brain stem functions. While portions of this scheme 
have been ellallenged (Winters cE al. 1967: Winters el 
al. 1972). te asc is generally aecepiaWe and off utx a 


tiriiL-ral Anesthesia., General anesthesia is a condition 
induced by pharmacological or other means that result* 

in comuolML reversible CNS depression. It is true that 

some drugs in the process of producing anesthesia 
cause excessive stimulation and activity in the brain. 

but fill anesthetic agents ultimately reduce and stup 


convenient method to set the stage for further discus- 
: sum of principles of general unciiLliCKta. 

Techniques of General Anesthesia. General 

anesthesia is pharmacologically induced and maln- 
[Ljjiied In animals via one of two general method*, '[he 


>pyrighted materia 





i'.hapirr 9 f ffiUOS ACTING Oh Ttlffi CWTML NKUKKA SYSTEM t F Slfffiry I I ft3 


oldest approach, which is Mil] widely usulI ifii certain 
am mu] applications. is die single-agent technique. With 
(his technique. an agent such as penloburhital, thiopen¬ 
tal, nr ketamine lor perhaps two i^ntfs such as 
xylaz.ine and ketamine given ^mmlLuLvoudy off in dose 
time proximity I in administered at sufficient dose cl> 
provide [he eomplele *pceirum of dwwttriUks of 
general anesthesia. This, method is- simple hue may he 
mure Life threatening, especially under adverse circum¬ 
stances. including animal ill health. Because aii anes¬ 
thetic agenls have some undesirable effects when used 
done, modem anesthetic practice increasingly involves 
the uh; of combmaliuns of drugs. This technique is 
bowl ns tabnemf aneitkma. With tKK technique, 
multiple drugs in low dosage arc used, each drug fur a 
specific purpose. The ultimate intent is to take advan¬ 
tage of the desirable features of selected drugs while 

nrininiring their potential fee lurruful depression of 

tbomeLVeixane mechanism*. This K'vhuiqUc ii especially 
advantageous when used with physiologically eompro- 
mised individuals. An example of such an approach is 
the combined UK of a low dOH of a hy|MHK'Udttivt 
drug fur mioauckwwn and amnesia* an opioid fur 

profound analgesia with little cardiovascular insult, a 
neuromuscular blocking drug for muscle relaxation, 
and intermittent positive pressure ventilation with oxy¬ 
gen to fuK“ilitiiCe respiratury gas ochu^e in the luce of 
total skeletal muck paralysis. Unfortunately, the bal¬ 
anced technique is complex, and inexperienced or care¬ 
less use of a drug combination may aggravate undesir¬ 
able drug actions and/w other ciumnun diflkulLies 
encountered by Lbe anesthetist. 

Mechanism of action Causing General Anes¬ 
thesia. There have heen many attempts to explain the 

mechanism of general anesthesia ;li ;l molecular level, 
Three simple observations limit possible explanaiitwis. 
The rale ar which anesthesia can be induced and wake- 
Mncaa resumed effectively roles out long-term hiu- 
chemieal events and focuses iUicniimh on dnj|-bdmd 
altemfou of short-term biochemical events. In addi¬ 
tion, ihe diverse chemical siruciuTus of anesiheiic 
ugenls also pose a problem in arriving at a common 
theory of action. For example, anesthetic drugs range 
from inert gusts such us xenon, relatively simple inor¬ 
ganic (nitrous oxide) and agaric (chloral hydrate and 
chloroform); compounds, m progressively more com¬ 
plex molecules such as pentobarbital, ketamine. and 
alphiLSJLlcs^ (Fig 9 j 6). The absence of a common 
chemical structure reduces the possibility of a spcctfic- 
recephKr-mtdialed action. Finally, explanation of their 
anesthetic action must in HtH way be linked With their 

ability to cause superimposed Hkctk and. specific 
anesthetic "'side effect*,” such as rvductinn>, in myoeff- 
di-nl contractility. 

An important neurophysiological action -common Co 
ithjnC general araeslhetivs is lo depress both spontaneous 

and mated neuronal activity in many regions of the 
brain. Actions exened on synaptic Eran^mission seem 
most KuHyc. whereas nerve conduction is little influ¬ 


enced Anesthetics may reduce Synaptic transmission 
by interfering with ncufniran&miucr nlwe from 
presynupLic nerve terminals, hy altering re up take of 
neurotransmitter after nhau. by altering binding of 
in'iiroiransmitter Lo pnuyoaptk nctpttf sites. or by 
influencing inic CHldlldiH follow big utclivaciun of 
posbyuptic nce0on. At this point in time, ionic 
mechanisms thought io he involved are varied and the 

focus- of extensive study. For example, barbituraTe* are 
known to act on the riABA-receptiw-iiwdiated chloride 
channel, and ul leasi some of [he inhaled ancxlhelics are 
reported lo cause hypcrpolari ration of neurone via tdh 
vulion of potassium currents. In holh examples there is 
a decreased ability Lo initiate ad ion potentials^ i.e. r the 

cellular [htvdhild h?r firing is liiv leased ftlriMlfcy I*JBy; 

Halsey m«9; Kohl in 19M-X 

A striking physioehennical e hc M CCiric of inhale 
lion anesthetic drugs- is their Lipid solubility—a physi¬ 
cal property shown to correlate best with anesthetic 
potency; This correlation IB fflBlMWllj referred to m 

ihe Mtycr-Qrertm ruk after the two bdmduAh who 

independently (1B99 and 1901., respectively) noted that 
ihe potency Of ojhrslJtelich iKKIHd directly in prupiw- 

lion Ilk UkriT (sartilmn cuulfieiunt between -n|iv-e -ml and 

water i.i.e., the concentration ratio of the agent in oil 

and water ai equilibriums Became iahibtroa anes¬ 
thetic nolccuka are hydrophobic and therefore disirih- 
utt to nibc-i in which they arc removed from aqueous 
cuvirininwiiLs and became of the close ondukn 
between potency and lipi*phil|eiiy, ii h tlh-cjn/vd that 
these anesthetics act in the cell membrane lipid layer 11 
i-t thought that their presence distorts ihe nentnoe 
structure. which in tum causes DCduDn of the pores 
Lhrough which ions pass, e.g... the sodium channel llhis 
it l lie so-called mernbruK expansion theurv,i (Hihcy 

IW9; ErtUn 19m 

Although thert! is niK pli;m;nacsiliigic unLiignniM to 
inhalalion iincsthcsia, very high ambient pressure (e.g. B 
54>— I <X> utmnspheies of pressure I causes reversal of ihe 
anesAbetk stale. 'Ilik observation is another imjxutanl 
due to the mechanism of anesLhesia.. Because pressure 
acts by reducing volume. Ihe reversal of anesthesia 
with pressure vug^jcsis ihar an invresaw in lipid volume 
(i& r Less-orderly m ngPPHil of the membrane lipid 
molecules and thereby a small volume apwin) i.% 
somehow involved in the pnx»L 

UnfortuniUely, the memhrane expansion theory m 
nut without its faults, and a unitary Chenry of nancoii* 

ti.t:.. the thumglLl ihul all iuwhlhdits hiree -n c^numnn 

ratine of actHO 00 a specific nnltrcular site l may nut lx" 

actevabte However, popular dogma lua been chal¬ 
lenged with ohriervalions ihni suggesi snesiheEiL- drugs. 

du act aL specific sitev (biresLone 19SH). I hi ring Ihe pas.1 
110-15 yean there has been increasing evidence dial 
tpociftc neuronal nwobruK proteins ihar permit 
translucalion of ions dunng membrane cxciiatkin ore 
the priniorv 1 li fffP Cl for aneschelic action. Debate l& 
ongoing whether ai least inhalaiion AntEsrlneCics djxrupl 
ion flow through membrane channels- by an indinxl 
action on sumiunding lipids ua* via a SHXnd messenger 
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AlpiioK&long 


hlU, —LlKTlhiLLLl 'Ai ikLucl"-« of L'\ani|>k:s ut drug*- causing gcntr;il aiiiriClhr^u. 


Of altemalivdy wIuMIipvt Ihcy linli diTvctly to membrune 
channel proteins. Repardle^, the molecular mecha¬ 
nism nf action of general anesthetic drugs is still far 
from dew, and there Js Mill niucfa to k-am regarding 
chi* phenomenon. Redder* am referral etantov for 
more in-tkftih analysis of this inpie (Halley Fire- 
siinifec I9HR: AJbredn and Miletieh J9Nli: Frants and 
Lich I^H7: and especially Kohlin 1W4-). 

BASICS OF CLINICAL ANESTHESIA, A fiwor- 
able anesthetic course begins with a good plflt -a plan 

bused « mud pbnMCDlogkil ind pbyiio)Q|tnl 

principles. There lk no rigid formal. N& mathetic linA- 
Jiiigw is BH^vmmoliy dr 6vtf Jfcr alf andpab juufer 
atf ckuRfldKfJL Eifch pUn is adapted lo prevailing 
ciffciiwwdinc». Acotwdiugly., appropriate urtexiheiic 

management requires a hmad understanding of the 
physiology nf bodily life support system* (c.g.. respira¬ 
tory, circulatory. central and UttOOUlJc (Knout \y%> 
tents*, die pathology 4uhJ pathophysiology of the condi- 


lion(h| necessitating uestbeii und surgery, the phur- 
nacotofy and principles and techniques of administra¬ 
tion of anesthetic and adjuvant drug*, and mofutonng 
and Mipfksrt erf viia.1 organ 1unctn.ni. The nddttile Lhat 
UDdEfUa the selection of an appropriate mcilh rik gwi ►- 

tocoII ii outlined in Tahte 9.6. 

Drug selection for anesthetic msiugemeii ii 
accomplished by considering lhe pharmacological 
requirements for Lhe individual a% reviewing and 
selecting major drug classes (hat are appropriate for 

i Ik specific needs, and then reviewing chancleriitici 
and selecting the specific diugfs) within the desired 

drug diufcs) Frequently, Lhe best drug imd technique 
are tho*c with u*hich the clinician is most experienced: 

LC™. there Ik an art to |lic clinical jidnliiii^liutiLKik of 

potent life-ihreatening drug* such as those used in 
anesthetic managcinenl. 

Dmgs used in anesthetic management am he conve¬ 
niently classified according Lu time frame of user the 
preaiH^I llel ic\ periMHdKtic, and inn mediate pnstunes- 
Ihclic periods. 
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t. A Ik'viJit ur minimi/* pain 


2, Alky apprcbcnskiu 
1 Ful!iI ic^LO hamllukf 

4, Minimize urndc-*! r^hle reflex aucLinuiiin 1 dovom lyiteni 

■ 

activity 

il Pun^i>mpai!iefk- 

i. Vagal nerve 

ii, SevnrUonrs: salivary-, hronehtal 

h. SyiiipaltiLlie 

a. ArrhyihrinLc 

il. Arterial hlii 4 sl pteesunp qllerahnn-, 

5. SyppknKTit geMil iiwMhesiu 

a. Add Il.i level nl analgesia, sudariun 

h Reduce fluenJihel ie requiremem 

fi. Miiiinbi/r undu^iruhlL'- pix-bLmchlhi.'Lii: n.' lt-: i very 
•mraiplicniLms 

% Prrvcrt infection 

S. Coinmrue LrtumnciiL of ioitrLurmru dkau 


Prcanefithetk Period- Drugs are usually administered j 
Uj iiniihiLlb (usually 15-45 minutes) beluie irulucLiun of L 
general anesthesia. The primary aims of pfcanesthetic i 

iihcdk^iu^i Lire Id calm the nirnl, (kittle h^mJliik^;. I 

and relieve pncopcriilive pain. These along with sec¬ 
ondary goats arc Listed in Table ^.7. IJ nfonunaiely, pre- 
anesthctic mcdicuLiun m not wLLboul its complications, 
which also must be considered in formulating the ancs- j 

ihtfic management pLm (Table L >.H| a Hie concurrent j 

use of iwti nc three drugs is ys^iHv required hi ftccon- . 
pllsh ihc desired preanesthecic conditions in [he patient. 
These are selected fruan a variety of major drug classes 
(Table <3 -9), The extent of drug cortihinaiiuiiv iHlvooled 

by individuals attests to the variety of cumautaacaa 
ennimuilly encountered clinically ^uk! to the lack of 
ajtreeiibeiH on upiinial drug effect t. 

TKAN <)i III JZBft-5KE>ATI VE-.H. TriLnqu iJi/trs (rtUKlkf 

or KorakfJtks) ere fluently adiii mistered to ankmih 
lo produce a calming effect, Lt, inctiUtty or -chem¬ 
ical mtnjirL'' This- group of drugs ifidudgM rise phy- 
nuEhiazinc, the butyruphennne, andific benzodiazepine 
Subclasses. They are frequently used tn combinaii™ 
with other preancsthctic drugs (e.|i S opkudsL because 
lower d»M?s cun be used than would be the cast if each 
drug were used idone und the degree of sedation 
accomplished by the drug combination is often pnten- 
listen.! widuiut causing further severe circululory and 
respiratory depression, 


TABLE 9Ji—tciftipliodiora; of pmuLesthetic 

mdoluiD 

1. l>C|Wft-rCd VTtal. i’rfjiill fUULtUrfl 

a. Direct effects 

fo. InlLTJKL'LiLin wilh ani^thelu: and 4-4her jJjuvanl drugs 

2. Anti-analgesia 

3. I’ftiLutigfd si'daLniik nhfluerH'uig ttcum-tv trum a nr <4 he si a 
a. EViiLctfigot) recumbency 

h Alania 


TABLE 9 r V-M^jnr classes of drug? (and spedAc 

drug examples H ornmonl> considered for 
preurissiiJreiic mcdiculii m 


1. TrailqUilLAir-scdaLivir 

i Aocpromjzane 

h I^ILkATpaill 
C, M3tlarn|y.Tn 

d. Um|H.TiiJi 7 l 

Aiip ciu gc 

2 . I l>]Kinlk-M:ihiLi>e 
a . I ai U Ji Lirih ■ I Ji I 

h-. Chlorjl hvdi uk 



Gpiiiid 
a. A^Otkl 

L Vl<icphinc 



d. Meperidine 

Ag^rtlist-ailLigunisL 


i. IhifcisrphLinnl 


4 cr.-ndrcnergic afonut 

IL Xy lLu.inc 
h. SScUwnidinij 

c. Wcdeta mkc 


5. iJiiMvialisL 
t Krtninc 


Ik Cimunercially prepLired eunihui^iK^h of seduiing drugs 
ii. Mai^l i.lik'lumirH; t- zi»liL/H i pu3ni 
K Inniwar-iK-orulepiiiiulgi-sia (foliflyl + Urupcndulj 

7. ParasynqiuElx^l) he 

ii. Atropine 
Ss. Cilyeupyrrolube 


The phenoLhiajdik's luvt ftodmd widespread use 
for many years. Their puccihey bdllrittt easy mlnunts 
LmtiofL and luvcirahle tranquili/ation is usually real¬ 
ized. Iliey have antiarrhyliimic. antihisfamiuic, arid 
aJuieJHKiiu efltxtt chaL iimy be particularly desinible 
The ^-Adnwigk blocking action of the phejm- 
Lhiazines it likely tie he uf special concern in s^^mc 
paLients be cause U results in usually unwanted arterial 
hypotension. 

The bllynphnOAH alwi b-uve -adrenergio btock- 
i nj aeiiviihtu bentr tnifrctuiVii^crUI;r Stflbfhty acci^m- 
panies their use uL'Pinpar^J ui ihe ]^henc 9 lhia^ines 
Largely on ihe bosis, of eoht and the lack of broad- 
based. dear advantages, the hutyropheniiiies are lecv 
frequently 1 used for anestlhf tic management of veteri¬ 
nary patients chan other drugs Ln the ir;ub|iuli^r 
grouping. 
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Although representatives of fitie benzodiazepines are 
incmsingly used with other drugs to induce and mum- 
lain general anesthesia, especially in kuhk animals 
Ihrir use in the preaneslhelic period is. like the buly- 
ropbenones, very limited. Pain and occasional erratic 
aknorpLloii lifter inLTamu^cuhir injection are duiracteris- 

tic of some Ivnzodi&zepiMsi (eg, diazepam). Also, 

sedative actions in otherwise hetkUhy animals are quite 
variable across animal species commonly encountered 
in veterinary practice. Sedation caused by hen/ndi- 

azepines can be reliably reversed by a specific antago¬ 
nist ill least in some species. 


DISSOCIATIVE DRUGS. Drugs such us ketamine reli¬ 
ably cause a stale of somatic analgesia and sedation in 

some species (e^cal) mid may he of benefit in special 
clinical situations (c.g,. highly fractious animals, under 

conditions of limited managcmenl choices). Its rela¬ 
tively wide margin of safety in otherwise healthy ani¬ 
mals is ol‘ special benefit under conditions nJ I i mi Led 
paiieni conlrol or knowledge hasi.% 

The moat prominent disadvantage of Us use is that, 
depending cm dosage-, Lhis class of drugs may cause 

CMS arousal in some specie fe.g., horse) leading 

animal excitement or frank convulsions, 


HYPNGTir-SRnATlVF-^, Drugs of ibis class-, including 
the haibieuniLes. and chloral hydrate, cause a close- 
depentknl spectrum of CMS depression, sedation, 
ibep, anesthesia, coma, and death. They produce min¬ 
ing I venulitDfy and circuhuory depression in redaihre 

doses. Disadvantages of their use include a lack of 
analgesia and the absence of a specific antagonist. Use 
of drugs fmm this class have largely been replaced in 
the preancsihclic period by the CL-adrenergic agonist 
drugs. 


ot^-A drenergic Drugs, Drugs such as lykrine 

cause dose-related sedation and analgesia. They are 
widely used across species llines singly mid in corribi- 
nation w ith, especially, opioids and dissociati ve agents. 
Bradycardia, mild arterial hypertension followed by 
more prolonged hypotension. hyperglycemia, and 
increased urine volume are commonly attendant 
e l feels. Direct antagonist* of varying purity and effec- 
tiMeneas are now avaitahLe. 


OpIOIDSp Potent analgesia, deviation, and the absence 
of direct myocardial! depression are important advan¬ 
tages of the use of opioids in the preanesthetic penod. 
Patients with preexisting preoperativc pain or who u ill 
require painful diagnostic ur therapeutic procedures 
before unestheLw: Induction are likely candidates for 
opioid preanesthetic medication. Opioid preinedkarion 

is i,i,i m i appropriate piiiw tn iiiicsLlictie management 
techniques lhal use opioids as a predominant compo¬ 
nent ti.e.., d balanced technique see above). Fhttonl- 
nant adverse effects of upioids when used prior to anes¬ 
thesia include depression of medullary veutilafniiy 
control centers milting in decreased responsiveness to 
tartofl dioxide ;Lnd in turn hypoventilation. Opioids 
commonly induce a vagotonic affect so heart rate may 
also be decreased Id variable degrees dependiing ™ 
agent, dove, and animal species, In some species flc,g- 
the dug) opioids commonly cause CMS sedation, while 
in others (e.g.. the horse) excitement or CMS arousal! 
are predkmfliil&fYt concerns- Opioid-induced vnmition in 
uott speCKC {trg., dog) may be wanted {e.g., a newly 
presented patient with a lull stomach requiring anes¬ 
thesia for a diagnostic or minor surgical procedure) or 
unwanted (££., risk of pulmonary aspiration of vonii- 
m--- in elderly or depraved patients y. They also decrease 
intestinal propulsive and ruminal acliviiy, 


Drug Combinations. Sometimes drug combina¬ 
tions are marketed 10 provide ready access to clinical 
benefits of two drugs while attempting to minimise 
their individual disadvantages. Fur Maniple, tlslfliol® is 
a -combination of tiletaminc, a dissocialive agent, and 
zoJuzqpaffn, a benzodiazepine tranquilizer-sedatis-e. The 
combination improves Lhe reliability of lhe sedative 
properties of either drug used done without adding 
extensively to fun her vital organ depression (e,g„ car¬ 
diopulmonary depression). However, as a consequence 
of tile fixed combination. a prolonged duration of effect 
may be an unwanted result. 

Inmovar* is a combination of a short-acting opioid 
(fcntanjl) and a longer-acting hutyrophennne tranquil¬ 
izer (droperidol i. Ids commercial availability to the 
North American veterinary community has varied 
greatly in re c ent years Qs use in, especially, dogs and 
swine provides reliable sedation and potent analgesia, 
again wish limited vital organ depression. Bradycardia 
is comninnly m unwonted side effect but am be emun- 
Lered by Lhe administration of an amkhotiiKigk: drug 
such us atropine. The different duration of actions of 
lhe two contpoftent drugs is an imported aapeci of 
redwing consideration* 


Parasvmpathglytk (ANTtrucM.iNE-RGrri Drugs. 

The moM common reawn for administering drugs such 
as atropine nr the more potent, longer-anting glycopy¬ 
rrol ale before bdttcdoa of general WfllKsh is to 
reduce upper-airway and salivary secretions (anEisiula- 
gngue cflfect) and eounleract reltex bradycardia occur¬ 
ring with, c.g„ concurrent opioid use or certain surgical 
manipulations te.g_, ocular). 

tn years pusl il s^as routine 10 LKncicholinergies as 
part of lhe prente^livTiiiLHn scheme. However, this i* no 
longer so. Contcmporaiy anesthetic drugs are much 
less irritating Do the respinihHy Dmict. min>ifnirijng lhe 
likelihood of excessive respiratory Dfitel sccretiimc, and 
in lhe iib^cficc of podenl vagotonic pn&aneEtbctk drugs 
it is though! Lhiit heightened! vagal lone is best totaled 
luM prior lo its ^mieipaied oceurrence nr at first sign of 
its presence, Sparing use of anticholinergic drugs 
reduces the risk of other unwarned effects such m 
tachycardia or reduced gasiroinicsEinal mooility. Avoid¬ 
ance of gasifoiciicstiii jI stasis is of special importance 
in herbivorous animals, tor whom prearafslheLic gas- 
iruinLesLinal empiying is almnsi never desired or 
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TABLE 9,10—Major damn uT CMS dru^ 
l and examples) cum muni* aimiditvd for general 
anesthesia 


1. Hypuiuiie-vedativL-s 

4, Drug ci>inbinuliuii> 

a UhndHrt acting 

a. boom 

1 . Tfajapenud 

ti. IUdoI 

b Shun rig 

i. Othui 

L Pemobarbitfll 

a. Cliaafen^siii 


b. Propofol 

2. Dinociiitire* 

c. Eta midale 

ll. Ketamine 

d. Sailiiii 

3* Opioid 

6. TninqiilkzepEcdatiw 4 

u.. Mniplnuc 
h Oxymnrpkiru! 

a. KL'imodia£epines 

e. Fenlanyl 


d. A IfiniLunil 



•Never used alone. 


Kctmnplished. Mydiiuia is another effect (e.g M of 
ujlr-npiiu: J thal hh often undesirable because il confounds 
interpretation of sum* dinkd sign* of UK*tf»Ul 

ond/df exposes the patient to potential retinal damage 

in some uncontrolled pastUKSlheiic dreuinManecs., 

AnndKtk Periad. The admin islration of anesthesia 
requires a combination of lutowkdgg, skill, and iflge- 

nu.ii>- The anesLheite drags selected and their dose and 
method of delivery will largely depend on the animal 
the facilities available, and the skill of I he individual 
who will administer them 

General iiBihttia are usually given by icilialatiufl 
or injection; on rare occasions anesthetic drugs may he 

given orally or per recLum, Mure specific Information 
on aneslhelic delivery h given later in this volume and 
in Stolt I987 f Hall and Clarke 1991, and Andrews 
1990. 

Drugs of several classes of injectable agents (Table 
9.10) are commonly used for general aitiSlhesi-ii. These 
are preferably given miraculously flVfc however, 
because of the varied circumstances associated with 
clinical condilions in veterinary medicine, the intra¬ 
muscular (IM) route is ulsu widely used. The IV route 
is the preferred means of inducing general anesthesia 
because anesthetic induction with the loss or reduction 
of many of the patient’s life-pmieeTing reflexes- is con¬ 
sistently the most crucial maneuver in managing gen¬ 
eral anesthesia. The IV administration permits incre¬ 
ment! Rising and thus titration of the lewd of 
anesiheiic to a desired end point. This tednique is 
often desired especially in critically ill patterns or in 

unfamiliar circumstances because of the likelihood of 
unpredictable animal responses to a "‘routimf dose of 

drug. Drugs of a single class are used alone or in eom- 

binafion with other drugs listed in Table- 9.10 (c.g- r 
inhalation anesthetics and neuromuscular blocking 
drugs) to achieve suitable anesthetic conditions. Many 
of the drugs, from (he clashes listed in Thble 9.10 are 
also need at lower dosage fnf preancsthctk medication 
(Table 9.9). 


Tim barbiturates likely continue as- overall die most 
popular intravenous anesthetic lor animals* I hey have 
universal lew al least nearly so) geographic and spoete> 
application. Accurate information is not readily avail¬ 
able but likely the dissociative class of drugs has 
become a close second choice in popularity to the bar¬ 
biturates. Far example, ketamine may be used alone ia 
some species or combined with other drugs to produce 
a stale that erufetel restraint and surgery and can be 
administered via a WHty of mutes, a dec ided ad van- 
[age for fractious animals and/iir treatment outside the 
controlled hospital environment. 

Opioids in large doses- arc the basis for balanced 
anesthetic techniques for human p&ltenis^&peciully 
those patients with circulatfly system instability or 
[huse undergoing cardiac surgery. This method ts also 1 
applicable to some veterinary prienls te.g.. dogs) and 
is presently used lo varying degrees. An important 
point to keep in mind is lhal opioids even in Huge 
doses, do nol predictably produce uncon^itMisnesa, so 
other drugs me used comurreiitly to accomplish the 
individualized fdik of general anesthesia. Also, same 
animal species (e.g. P horses) are excited by even mod¬ 
erate <by comparison to other species, e.g., dogs) opi¬ 
oid do*e*. 

Immediate To^tiinotliriic Period* The iminediaie 
postal esthetic period is also known as the anesthetic 
recovery period. It begins with the discontinuation of 
ihe administration of anesthetic drugs. Recovery of 
healthy animals from routine anesthetic techniques is 
usually, hut not always, unevcnlful and routine. Cir¬ 
cumstances such as compromised physical status and 
unfamiliar anesthetic techniques heighten ihe likeli¬ 
hood of recovery problem*, The immediate goal of this 
period is the rapid return of the pslienl s independent, 
uncomprofflised ability to mainULin normal respiratory 
and circulatory systems function and to return sensory 
and motor abilities- to preanesthetic levels as soon ^ 
passible. Despite Ibdi overriding philosophy, when the 

needs of different species and c i rcumdances are con¬ 
sidered, 1 he actual Ibnaad plan is less clear. For example, 
most of the contemporary inhalation anesthetics do not 
have pcrtenl or persistent analgesic properties at alveo¬ 
lar concentralacms isoodoJed with awakening. The 
sooner a print recovers follow mg surgery, the flooror 
there is potential for pain and an uncomfortable situa- 

(jen for chc patient, Consequently. the question arises, 
is il better for a patient to awaken quickly folhiwing 
surgery and Chen receive, as needed, analgesic drugs, Of 

is it more desirable and beneficial for the patient to 
(receive analgesic drugs toward the end. of the anesiheiic 
period and as a result have a slower recovery from; gen¬ 
eral anesthesia and Inuteitkm to sensulion? The same 
therapeutic dilemma applies to the pattern who may 
emerge from anesthesia excited and! risk a particularly 
’’stormy'' recovery with allendanl physical injury, 1‘he 
various combination* of drugs u’wd in anesthetic man ■ 
agcmenl coupled with unique specie* characteristics 
make it impossible to describe here all of the patterns 
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TABLE 9 .| 1 —ILi/vinls of the imituilijU- 

posluiiLMhi-lk 1 period 

B. Cacmktoty iyt(cn PonyftrMwp 
a. Arterial hypotaian 
It Arterial hypertension 
c. CUk d^rhsilinvia^ 

I, R*nfinaofy ayvtn oonpUcaboa 

a. H>]Ji.i\ciiii j 
K llypciven|i|H|Mjfi 

3, hta 

•4, GdWpcaoE ciw i fcrtP B l (phywJ iraumniiF 

5. Ilyjii^hijmiiu/hHKiUiLTiiiia 

6. Yamiling 

7. Lfehyed: nwulrfiiiflF 


of recovery ihui occur md appropriate iheniiwuiic 
^heme*. hi tlx cod, indmdulind (benpy is cHl- most 

desirable plan. 

Hazards ofdtt nfirtway period EhaE may require filler- 

afKUtk intervflrtkn are hsied in IMMe 9 . 11 . 

evaluation of the response to anes* 

TKESIAr Since Wfy arty in the hislory of general 
Wllhflla attempts klK been made Lrt CURtaK obser¬ 
vation nf (he effects rtf uneNLhel.il> with ‘"depth" rtf 
iKstherii lb Ik able hi define I he depth of JHKftbedl 

i* fin - ;i iiuiftbtf of reaHUs Frtr example, l^vo 

link or loo much aiucslhesij is u thieai to life, Cnnw* 
qucntly, it cmc can determine the magnitude of anes- 
ilbctia wii h feusi.HWihle acnnCy, pul tent safety ift 
improved and upLmiul ttperatirtg ciukIlUofiv art* bdb> 

tekd ftir tlx beabb care pTLivislers (Anikei inutt tpe- 
cific guidelines help ihe novice ancsiheiisi provide 
appnipriaic anesLhelic conditions. Finally, in investiga- 
live diauuiaDH un asunte means for describing 
arid comparing nn-chl hel ic kvds within Of between 
ttudiH is csscniaul slu ihiii we may moult for ihe 
effect* of Lhe anesthetic in our overall uawierMancling 
versus inker variable* EhaE may be operant inud of inter¬ 
est at ibe rime of study. Ii would he very hdpfbl to be 
able to precisely define che depth of anesthesia in every 
aniiiwl faun moment m nnmwm regardless of die annea- 
ibciiie technique. Unfonujiulcly, Ibis is presently nm 
possible, m wo rely on Munis*. 

More ibaa SO yean ago Ouedel (Gm-del I92u. 1M7) 

published his classic description of ihe four stages of 
anesthesia fTnhly 1 2% The uadiiiiwiai dwifiHtnn is 
on a progressive deprcx\ion of a continuum of 
CNS fund ion. Guedcl extended the descriptions of ear¬ 
lier workers such as Plcimley (!#47j and Snow t IH47I 
to divide the stale of anesfihesaa into distinct ‘"pack- 
agesr tuck correlating with a particular set rtf physio¬ 
logical responses off reflexes. Lo., didcil signs. The 
nrpiuBgilimal scheme (Table 9-12). includes- four 
stages of anesthesia und subdivides the third singe Into 
four sLrata (i.jC. h planes), GuedePf system hH htco 


TABLE 9J.2—A nummary of llie chLssii-al 
description of Ihr four slaves of pencnl uh^IIksb 

L Stage 1 

iL. Si. either iit aiulgL'sia, iiiduchmi. and s i ilunl :uy 
aalcmU or of nlKnt and nmii 
K Mod from beginning of induction to loss of 

MMCkWMi 

£. Vulunlsry rusEVlafiL'u to rusLrui me jud to aneMhuLic 
vapors 

4 I n humiun- 9» or nbliindal ion of pun tmuhon^ 
natal ruL'ilicio eoim-ullLiMc duougboul iMt Ap Nil 

pni^ruhsiwly 'ikprir-bMid unlil unt nn^Lannsncs-- 

2, Stage 31 

a:. SLa^L p of'delirium, inuilunlarj nxm lunxinl, Of 

uninhibited action 

h. hVzrtisJ I mm Iusy >of COAttlOMWU Co Linvl of 
luvoinaJEie le^ptraLiuii 
e. In humane: dream yIu^l 1 

L Stage 01 

& SupalHtige 

h. iVrn^j trum Lit -atoL'ilialiv EeYpuuLiun Ili 

fe«qwntowy «mt 

e. Subdivided inh> four plnnes of imf kbk 

i, PIjuc 1: li^hE 3 urg.li: u.1 

ii, Plane II: modente nmol 
l 11. EXjibc III: Uoi'p huigicid 

sv. E lt*rte tV^ rttfHfft Hifprel 

4. Singe IV 

a. SlagL" tit * csj pi rah tt jr furulyw in or ■. nv rdk5h l 
h. Inicrvnl between respiratory and eardtue ancat 

Sant PMifinl tnun Sietfey S W3, 

pminii^ent in phamiLkioIrt^y Lexl.% i ineludinji eiLrliereiii^ 
fiions i.iI this tevl j and ancNLhesiiL lcxfi.% for more than 
fire dmdn The we ert is intiliHlLvl Iwn? in 
flted form because its baportucc in ilk dLtcutskm of 
fundiin^lliil principles of iDHthuli is beaning niiire 
limited. 

Hie classic ngu and stages arc piurly reertgniyable 
with many general anesthetic^ (fi.g., the Iwbinj-ratesli 
but ihey ure Incomplete or are obocucri when usipg 

modem iwKkto (e.g,, ketiiiine) andfor (Khniqim. 

[t is important lo rememher lhal CpucdeLA description 
wus based on his obscrv-ulnm of fihe uctnms of diethyl 

ether Hidmimstered irt HkEvise Ud fflc d kuw l human 
piUieni-s whe? went 1 biemJkn^ siHMnijjncrtusly; This is a 

ntuatim far diffiereal bon cooternporary practice,, in 

which controlled mechanical ventilation is- common 
and newer and multiple anesthetic and adjuvant drugs 

arc an inpartu puTt of the meufaetk pUu. Here are 
unkjiK. 1 differenccN in the way different species read in 

conditions. *H general imvNilbesia ihai also iiiusc he taken 
into consideration. Because of diethyl ether's charac- 
tcri-stics- and Lhe mcLhods of delivecy. Lhe lki m. 1 ^nd 
"'deepening" of aneslhesia were dw, Ihir aibttthn 
I'iicilitaied a slow (relative lo today s Msindaids) unfold- 
ing- In iddilkn, nuiiH-n»us physiological ffipaiSH hi 

Tincsilkbcs III:.-I urv widely oic^nitiueLl luday i.Table 
9A3) -are not included in Hk classic de^criptiiin, 

With the emergence of anesthetics such as ktltnlnc 
Mind enfluRnw the emkept that ull awflwto are 
slepressanih required reooruuIcntHBL Winttrt el al. 
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TABLE 9.13—lufui signs En iTinirul AiS^tienl ikF 
unratihrlk' depth 


I. Curdni vascular system 

Hlflfl rate and rfiylliinr* 
h. Arterial blood. pnuusB 1, 
e- Mpcow membrane color 
||. Capillary ttfi It lilhi.’ 

^piralo^> , system 

a. Breurfhmp fixaipesncy* 

b. VcnitliHurv volume* iuikl anJ ruimni: raniilat 

c. Character of bfraihuig" 

d. Artemi or end-tidal CO. partial pressure* 


MMlP 


3. Eye 


a. Ftewtion ind^r movenwm of cyelnIP 1 

b. Pupil akuT 

r. Pup I! re-- p > ii sl' In ligclil 

d. Pfllpckra reflex 

e. Corneal reflex. 

f. LacruMtion 


4. 


5. 


Muscle 

a. Jaw at limb Erne 1 

b. Presence « atoflm of gras movemeru* 

e- of trembling" 

Miscellaneous 

a. ttixly temperature 

b. Laryngeal reflex 1 

c. Swallowing 1 

d. Coughing* 

e. Vocalizing* 

f. Sattmiqg 

Su-eaLing 
Llrint; II mi* 


t 


Source: Ann Sleffey 1.983. 

^Moderate tir High vjwci hotly in assessment oF aooMtwtic 
depd) For various animal “^pixies and airertbcLic agents. 






{!SWs7> proposed repknnat of the du§ic F unidlrec- 
iichixlI schema (Fig. 9,7) of CNS excitation and depres¬ 
sion with a new schema ihai included a description of 

progressive slates of both CNS depression and exe na¬ 
tion (Pig. 9.H). Ibc new schema recognized hidirec- 
IkMUl influences of drugs acting on the CNS and was 
based on results of electrophysdioloiiciJ studies of 
anesthetic, c&cilatnrY, hallueirhigenie, ami coin ufcijve 
agents in cats (Winters et ad. 1967; Winters ct al. 1972: 
Wirtlim 1976). 

Ouedd s scheme also dues nut take into emsiden* 
Einn the modifying, influences of such things as dura- 
lion of anesthesia i Dunlop cl at. 1987; SttfFey et al. 
19B?a: Slcffcy el ak. iSHtTb) or varying magnitudes of 

surgical Stimulus i nCcnsiEy *in the signs. of nracMhcsiiL 

(F.ger ec al, 1972; Steffey 1983). In modem clinical 
anesthetic practice it is rCMgllLZed that DO single ohser= 
vution is always reliable as a sign indicaiing a specific 
magnitude of anesthesia. Accordingly, anesthetists are 
encouraged to develop a basic background knowledge 
of htJih the individual to be anesthetized and the 
selected drugs. Current advice for anesthetic manage¬ 
ment under clinical conditions- is lo use- an inilial anes¬ 
thetic loading dose just necessary to suppress purpose¬ 
ful mcwemenc and to observe all signs possible in each 
patient (Table. 9,13} and then to 
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3 «l'#ulA 


mm 




mod»rale 


Cxol-ibility 


K 

Cl 


mild 


‘ 


ulicinn 



Eieitubl* 


Norman Duiral Cycle 


Stag* I 


Slags II 


Stiiija Bll 


Stay » W 


Ai-ifiiiltiLiiia 


Death 

Hti. 9.7—The classic unidirnL'nsinnal sclicmn. erf CNS exci- 
Uhnn and depression. (Muddled Imm Wmter> [976.) 


anesLhetie dose in relation fo continual slirnulu^padem 
response assessment. If (he level of -anesthesia l» in 
doubt err on Lhe side of an animal that is ten 




Stimulus assessment is of special importance since 
the intensity of stimulus applied m an anesthetized imi- 
mali may rapid ly and markedly alter the observed Tigris 
(Eger et -al 1972; SldTey 19&3»k A quiet animat with 
reasonable vital signs my quickly show’ evidence of 
lighi lo moderate jnesihesiy in the presence of inUnse 
visceral stimulation despite no change in aiUfslheLic 
delivery. Common responses co ane^hciie drise-siimu- 
Lus intL-niL i mn am? given in Table 9.14. 

More precise quaiTtiAadvc mL"4Lvures of anesthetic 
depth are of obvious interest for Lhe cliniciun and 
essential in research. Measure mem of eod-cspked 
(alveolar) eniwaiftratkm of inhaled aocslhedcs is a 
mure precise indication of anesthetic Icve I ch*n clirtfcd 
signs when thus type of -ancsJlhclic agent i-s used, In 
addition, there is continued interest m u^ing elcctrx> 
physiobgical approaches to iftenure depth of amtfK- 
sia in both the laboramr)' and the upeming room, FW it 
rnore complete review of (his focused area, ^e S-Lm.sk.a 



Copyrighted material 

































I 70 / Orriifm 3 i ( HWV ACFIW ON THE CTENTBUL NBMOUB SYSTEM 


Seizures ! 


Awake 




FIQ r y.H S^bcmalLC rcpreMnilatiuri irf thu slag us md art£Mhc*L& JCetifldifyg to WiniM t L ad. and Winters* IWBt The 
uzk-motic hnx been nuidiriifd .'lightly fnwn iLt dflgtul drsunpLiuik. I-IV refer to 1 he duk iftgH of 


TABLI! $. 14—Commin nspoitsen lei HDCEtbctk 
time sli mul u* intcoiclion [ 

L Signs of pmur^icil anesthesia '■ 

n H-radycardi 1 achy u Lada a. LuriiyUn'rtiu. 

b. Ancrial hyperwnrfkm 

fe l a itgw|i 11 i"_v ililufiLin, lou/ifiui ion, chshe ra tali urn 

d.. lUmn or hre-Hh hottog 

C I "Jeep hnealhiiig 

f. Reduced alveolar/aneriul FCO t 
jj., I jnih/bcidy movement 
]| Salivating, vomililfcg 

j SwAl3miL-iiij{ 

j. Laryngeal ipasm 

k. Phcmuting 

2 , SipsafdHp ntf|ktl mtoli 

\l. Bradycardia. bu-tiycdHliu. arrhytbmiA. cardiac juttm 

b Arterial bypirteiixicin 

& Pupillary dilation, -dry conut orinlljr fiwd eyu 
4 ShjIlii'A hmaihing, rcspiraioiy aneu \mn breath 
bolding) 

t, HmHI alveolar.'arterial Jftl. 

f. Mu*de flacciditv 

S n—cc Mby 199. 

Noli-: Imgkiiiaibuc of a given sip in a specific species 
and/or individual v*ne* 
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THERAPEUTIC CASES: OXYGEN, CARBON DIOXIDE, 
WATER VAPOR, AND NITRIC OXIDE 


EUGENE P. STEFFEY 


Physical Principle-* 

Comprtm’d liases- 
Behavieir nf liases 
Oxygen 

Lack 

Oxygen 

Thfrap^utif Uses of f lx> gen 
Administration of < >xypen 
Larboi Dioxide 
Hypercapnia 

H\ pocnpufai 
Water Vapor 

Therapeutic 1 Uses nf Water Vapor 
Administration nf Wafer Vapor 
Nitric Oxide 

Therapeutic Use uf Inhaled NO 
Ad minivtrat ion of NO 


TABLE 10.1—PhjskaL properties of gases 
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Thirv review of ihcrapcutie gum?* center? on osygen 
(Oj) and carbon dioxide (CO f ). Because of the 
increased interest in and effectiveness of respiratory 
therapy in vctmnuy patients and the need to adminis- 
tei water in the inspired hrcjilh, water vapor is also 
briefly discussed, Although I he Iherapeunt value erf 
these three gases is not uniquely associated with the 
central nenm system, they are discussed in th is sec¬ 
tion because they have a prominent role in Ihc nonage- 
ment of general anesthes ia. Informat ion tin nitric oxide 

(MO) has been briefly added to this chapter {and sup¬ 
plements informiibon in Chap, 5) because it is now rce- 
ogfli/cd jiv n major endogenous mediator of multiple 
physiologic processes, and as a result il offers promise 
a* an inhaled drug for use in the clinical practice erf 
iincMhelic management -und critical patient care. 

PHYSICAL PRINCIPLES 

Ciiie! prsmiI G m&r Ga«* are normally 1 commer¬ 
cially available compressed and stored in cylinders. 
Cylinder sizes.»designated.by letters, beginning at A. 
For medical applications, the F. and H cylinder sizes are 
most commonly used (Table 10,1 k These cylinders are 
normally ■ cinched directly to uieKhetic or respiratory 
care delivery equipment, and gas inilow is regulated by 
calibrated gas flow meters. Users of large volumes of 


D, often haw \\ hank of cylinders attached to a mani¬ 
fold supplying: a hretpiiabwide piping system. Users of 
very large volumes of O, may also consider supply in 

the form of liquid 0_ (Dorseh and Dortch I9B4). 

Behavior 4&r liases, The behavior of gases in entering, 
leaving, and moving within the body is an important 
consideration in anesthesia and respiratory system ther¬ 
apy. Gases are composed of molecules that move uhout 
art random. The gas expands or contracts to fill the 
space available to it. The random movement and colli¬ 
sion of gas molecules with (he surface of the sumund- 

ing vessel exert u pressure that can he measured. The 

more molecules per unit volume, the greater the pres¬ 
sure. Temperature is important because, e.g. B when □ 
gas is heated,. the activity of the molecules increases, 
and either the volume of (he increases (bo limit to 
the gas conliianer) or the pressure of the ps increases 
(L.tf., the volume is fixed rn4 the number of mnlceuiiir 
coilisinfp therefore increases). 


A mixture nf gases contained within a space also 
imparts a pressure. In this, case the toLal pnsuir of the 
mixture is Ihc sum of the pressure of each gas in the mix¬ 
ture. That is B each pas exerts a certain fraction (f) of the 
total pressure. This is known us Lhe gas's parted pressure. 
The Usual notation for partial pressure is F r where the 
subscript X denotes lhe source. The unit of expression is 
usually mm Hg. Thus f\ H = t\ UMl x The fraction is ihc 
percentage of ga* in the whok/lOQ and is without units. 
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TVKl.K, Ifl.Z—Partial pressure (jp) aT respiratory gases during, air and 1 IMS'S- nxirgen hrothing 
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P1I.O (inm Hg) 

O. saiunuion (%) 

O. eonient (mL/IQO iriL) 

□ 

0 
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47 
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— 

— 

— 

97 
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— 

— 

— 

— 

niM.sii 

22.132 


Note: Tltsc values generally apply 10 terrestrial mammals an sea level 1 7*0 mm H|f 


Gases enter the pulmonary capillary blood from the 
lung alveoli (e.g.„ O J or leave 1bc blond- (c«g., CO,} ffli 
route to the exlemal environment via the alveoli. Blood 
of course acts as & medium of transport for ga.ses and 
v-itpuifs betweeii I he lungs arid the tissues. Gases are 
CUfifid iri bind simply in solution or I hey are 

reversibly mmitaeA with some cori^ituemt in the 
bknd, Chemical combination enables more gas to be 

earned than would he the case with the gas simply dis¬ 
solved in the liquid. The gas molecules- move passively 
by the pewess ftf diffusion, Iman, a plat e where there is 
4 higher partial pressure of (he gas to one of a lower 
pressure. When there is no difference in pressure of the 
gas molecules between the fwo locations there is no 


net movement or transfer of molecules. The greater the 
di(Terence (i.c. p Ibe sleeper ibe partial pressure gradi¬ 
ents the more easily (he p& exchange occurs. While 
the inward moveinejiL of gases from 4 m air to alwsdii is 
aided by mechanical means (i.e., mtiluion), the pas¬ 
sage of gas to and from 1 issues is solely dependent 
upon diffusion. In addition to the pressure gradient,. the 
rate of gas diffusion is influenced by die distance for 

diffusion, the crosswtioiul area of the membrane 


across- which dilTusiun may OCCUr, and the molecular 
weight of the gas, Whin gases are exposed lo a gas-free 
Liquid, an additional factor requires consideration: that 
of solubility. The gps molecules diffuse into the liquid 
until the partial pressure of the gas in. the liquid equals 
the partial pressure In the gas phase. The number of gas 
molecules iluu enter the liquid before equilibrium is 
reached! [i.e., equal panial pressure of the gas in the two 
media) is delcrmimed by the solubility of the gas, This 
fact is known as Henry's law i. Nunn 199.1).. Therefore, 
at the same panial pressure there will be more mole¬ 
cules of a gas of high sol ubility in a liquid compared to 
a gas of low solubility, Henry 's law applies only to gas 
in solution and not to a gas in chemical combimuion 
with the Liquid or its constituent? (c.g. B O, with hemo- 
gbhdfi). Temperature also plays a role in the amnunl of 
gas dissolved in -a solvent. The higher the temperature, 
ibe less the amount of gas that goes into solution. 

While these principles are likely ilMMH easily under¬ 
stood in the context of the respiratory gases O, and CO., 
they also apply Lo dhtiavption -and elimination of other 
gases that |1H& into and out of the tissues, e.g., nitrogen 
and anesthetic gases. Normal values forlhe partial pres¬ 
sure ol respiratory gases in terrestrial mammalA breath- 
ing air at sea lewd mm 11 e I are given in Table I (1.2. 
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RG. 10.1.—tf.iAj.'sni tercsMPnx in htocni aiiJ gra phiisLlS, C ir.ipli 
A shows th cay gen paitiai pffelALHtt (#0,, nma Hg) in MikhJ 
iuiU c'tLs |Pluses nr Ihc r lx pi ml my system- flmjih If shows 
hUn.id imiiJ gas /X l ? wilhin ILhi_ r Iilii^ -iiicl i nvxils l^i:I in 

the stivedw-wrlcrial P(>. diFFenme (Pram Strfley and 

K'.ihmsnn L9S3, vriLh permixAaun.) 


OXYGEN Most of the energy used in the mammalian 
body is derived from biochemical pathways that con¬ 
sume C), and are located in the mitochondria. Amero- 
biu pathways also exist for energy production. but they 

are less efficient. 

Ahdut one-fifth (20,9%) of the air inhaled in each 
(math consists of O r Thus the partial pressure of O.. 
[PJ)j of dry air at sea level is 159 nun I lg_ Oxygen 
moves down a panial pressure gradient from ambient 
air through Ibe respiratory tract. Moisture is added in 
the upper airway, and it mixes with alveolar gas so the 
FO, in the alveoli is reduced from .159 mm Hg (Table 
I0,2) r Further reductions in partial pressure occur in 
the arterial Wood, the tissue, the capillaries, and the 
cell, and the partial pressure ultimately reaches its low¬ 
est level within Lhe miliK’htmdrij (i ig. 10.1). These 
steps in the decrease of the PO. are eommortly referred 
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blood as 7.40 mad fca p utU n is MFC. Effect* on ihc cum of changes in l«nperniuie and pH arc dinwn *m ihf mudkr 

^nifihs Ths pusiticmiJijE erf i3 il b lu rvc is also inlluurictfd dijihlly jKXiinJinje iu species mol sJiuwnlu (]FnM Comme Iflfifl, walh 
pcmissinfl.l 


co as Lhc 0. carnte and anc more thoroughly reviewed 
cLscwhcrc (Comroc 1Guyton -and Hall ITO; Nunn 

1999; Slclliry Jikd Robinson 1993: We si 1992), 

Oxygen is embed in lbe blood in two tcnu. About 
75 * is transported to the lissue in loose:chemical onm- 

biihidiEio wiiti hflnogkihiD iFig. I ft. 2 1 Each jjraiYi L>f 
hemoglobin can combine with about 1.34 mL of 0' r A 
norma] value tor hemoglobin lonecntrulion that 
hmadjy reflects aperies of ijQpOrtWt in veterinary 
medicine is. IS g/dL of whole blood. Thus in the pres¬ 
ence of normal hemoglobin cwKentnuion. arterial 

b|fisinj will cmy 4ibnul 2EI iri I. of i J when I lie Ih^ubo^li.*- 

bin is fully siimruled (l.:M x 15). 


Hemoglobin natural ion is defined as the actual (), 
content of a sumplr and is expressed as a percentage or 
the possible total currying capacity of She sample. The 
utuiatloa of hemoglobin widi o, m different partial 
pressures of O. in blood is described by ihc ^-shaped 
hemoglobin dissociation curve iFi^j. 1 0.2). 

Only ahout (1.03 mL ol 0 is Ln physical solution 
(dissolved in plasma) in 100 mL of blood when the /■*(), 
is 100 mm llg. Akhougk this quantity is not large. O, 

solubility bus importance since it IS via Ibis pathway 

chat 0, passes to and from hemoglobin \wi the tissues- 

Furthenshirti, allhough ilw amount of O, earned hy 

hcmogioNn tun ikh mcnr^sc bcyrnuJ ih^i quaiitUy at 
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TABLE hlj—ftiulogy of hypoxia 

L PirpuInKwiory uiw 

A. Ucliidency eiI' C1-. m ifie inspired breuUi 

I. Lw insujm O, orwiLentnitinn al nnmul □mhtenrt pfroure <«.£-- inifir^ppr O/N.O nristlire during ni&e«) 

2- Normal Q. coficefitradon at law ambkm pressure ic.g , high nhiludcl 

B. Reduced VL'nliluliun 

L Anriank otMdncdH lo gus flew (e.i, flinty atanKboa) 

1. Mechanical deficit fe.g., neuromuscular block) 

3- , SyMcm cnmol delkii C«-Jt. dm?- ordbcwnnlKd CNS depression) 

It. PulilK^lillT CidUMT 

A. Impaired difFutaim at alvettlar-rjpdtlnjy membrane (ej;., pulrrmfuiry 

B. Incmsed righi. to teFt (i.c. s venotifi to anerijl) pulmonary YBKudw shunl (e.g. coofcutHl cardiac dbetse) 

C. Mtulchilll of ventilation |n perfusion 
III. Postptt Irllur'iai y CBlflfi 

A. Inadequate circulatory syriein tanapori eF 0 3 

1. Keducud hwogjabrft mraL'erclrj/limi (u.g., aneuli j i 

2 . General dtcnilaHirv deficiency {c.g.. decreased miac output) 

3. Lix'-ail i/rd CrfCiilaiufy dcficietfiy te.g.. decreased regional bUjtid ifluv. I 
EL JoadLLjiulL tissue usy genu Linn 

1, Inad equ a te unloading of O. Fmm benKgfabtii (eg,. defisicy in 2. 3-DPG) 

2, Tissue diffusion impairment (e.g., tdcfllil 

3, AbiiuiYibilly high siwiue O. demand (e.g., Iota J hyperthermia) 

•I, (VIJilIut L'n/ymu system iriallisrmation (e.£.„ tyanidL' piliruling] 


which hemoglobin is luEEy saturated, the total arnuunL 
in solution increases directly with un increase in rp? 

The O, content ut Mood is Che sum of the WlllIK of 
O, CtlTted in sriUltHfl linJ llial IraiiNpuiurd via hemo* 
globin per unit VOlufine of blood (again by convention*, 
3 KHkHE wEume is Usually LLWtaiderCd I CM3 ml J. (IkaiipL-H. 

in the Amount of hemogldbin per 100 mL of Mood will 
ail ter Oj eon Cent hut rtdl the jKflttfM saEiiratKm of hemo¬ 
globin of PO r 

A number of far tors influence the Amount of 0, 
transported by hemoglobin and so shift the os.yg.cn- 
hsmogldbin dissociation curve to die tel l or to she right. 
Acidosis, increased body temperature.. and increased 
conc«lirjtloQS t>f 2,3*dipht^li<iglycerate (2.3-DFG, a 
product of «iychroeyle metabdlisin) all shift the curve lo 

the right (i.c., decrease the affinity or hemoglobin forQ, 
and facilitate unloading erf O t; and increased blood pH, 
decreased body temperature, and decreased concentra¬ 
tion of 2,3-DPG all have an opposite effect (Fig. 10.2b 

When the Q_ content of arterial blood is my low, 

I " 

unpigmenled mucous, membrane color may change 
from pink lo blue. This is known as cyanosis and is due 
to the darker color of deoxyhemogltoWn. Cyanosis 
appears when about 3 gWL of deoiyheniiogkMfi are 
present in arterial blood. 

Oxygen Lack. The lack of O. represents a serious 
threat lo the vitality of Lhe organism and is variously 
described, Hypoxia is a general term Shat signifies a 
decrease in O. M\*»* itormul levels in inspired ga&, 
alveolar air, blo«-id, or tissue*, (Coonc 1965k In recent 
limes it has been most aimmonJy used to desagtiude 
ivmifiidlenE osygenati™ of tissues. Hypoxemia signi- 



helow normal or a below-normal P O. or both. 

The causes of hypoxia can be conveniently classified 
according to prepulmonary 1 , pill men Ary. jekI jhisipuU 


monujy sites (Table 10.3). Hypoxemia is not surpris¬ 
ingly asftociartcd with prepulmonary and pulmonary eli- 

ologitrs. Inde^sd. multiple etiakaglet Itequenlly wxur 

simohaneuuvly muk-r cUolcel condition^ 

RiysiologicaJ responses lo hypoxia may be consid¬ 
ered direct or mdirecl. The direct rtspomts rdale 
largely to the canhovasculAi and respiratory systems, 
and the indbcct effects are those secondary etlecls due 

to hyp«xia-a^wii*ted failuR of vital orgam. such as tie 
heart, brain, kidney, and liver. When O, delivery to the 
tissues Falls below a critkaJ level, vigorous compcnsa- 
Eory mechanisms come into play to attempt to mini¬ 
mize harm to the individual. 

The direct responses are usually robust and tend Co 
over ride conflicting fnediinisnruL Some ci.mip^nsaiory 
mechanisms may he impaired by cancuimvt drag therapy 
(c.g„ anestlwiic*) or vary in extent depending on species 
(Comroe l<>65; Guylcm and Hall 1W6; Nunn 1993), 

Cardiac output and regional Mood flow 10 vilaJ 
organs increase largely as a mult of an increase in 
heart rate and a decrcaoc in peripheral vascular resist¬ 
ance. Tachypnea and hyperventilation are the promi- 
nent respiratory system responses due to stimulation of 
the peripheral chemurecepeurs. Pulmonary arterioles 
constrict, and pulmonary artery blnml pressure 
me reuses, presumaabty in an attempt lo hetter balance 
pulmonary blood flow with re^iLMial iuug vcntiSaLbn- 

l.jck oF O. impairs tissue Function and iF prolonged 
causes cellular death and necrosis, Cellular survival 
times depend on many Factors but are largely influ¬ 
enced by inherent tissue characteristics ol O, consump¬ 
tion and bocal 0, stores. Survival conditions can be 
improved by r e.g., decreasing erellular meuibolisin ie,g., 
hypodKittiiak Hyperbaric oxygenation improves O. 
stores. 

The cerebral cortex is especially vulnerable lo 

bypOXit, and thange in cerebral function is a very 
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sensitive indication of O lack. In hmmans. a change- in 

inond is an early sjgn of hypoxia, and with continued 
insult or an increased magnitude of hypoxic conditions, 
mental performance gradually deteriorates and con- 
wiiousncss may ultimately he lost, In anesthetized ani¬ 
mals anesthetic requirement is decreased (Cullen and 
Eiger 1974). SkdctiJ muscle,. on the other hand, is 
much less sensitive ll¥ Lin hmM of similar magnitude. 

Heart and hepatic cells are intermediary in their vul¬ 
nerability w hypoxic conditions M¥l hepatic centri loh- 
u|laf necrosis is a consequence of some mishaps. 

Oxyoen-Dfriyed Fufk Radicals and Cell 

INJURY. Organ survival after a period of hypoxia 

depends also on factors that influence 0, i ranspni dur¬ 
ing the recovery phase. Restored 1 issue perfusion and 
oxygenation before hypoxic cell death can sometimes 
paradoxically result in an accelerated form of cell 
injury (aschcmia-reperf'u^ion injury), Evenlt assixiaLcd 
with Krperftisicm fol lowing ischemia produce fen her 

tissue injury via the generation of 0, free radicals, The 
resulting injury is distinct from that WllfriflJ a* a 

result of the preceding ischemic period. 

A free radical is a iRinlecale etnilflining an odd number 

of electrons. This slate as chemically very reactive. Gf 
Ihc radicals formed in h bo logical systems, most attention 
is focused on superoxlde, a species formed when O, U 
reduced by a single election (Bhuguvan 1992;, McCord 
IS85. 19-87; fVyor 1.986). Superuxide union isd&O pn> 
duced by 0,-reduciiig enzymes of phagocytes (imi- 
irijpliils. riQAQifiucbf phagocytes),. which defend the 

host ugain-M invading organisms. Current thinking 
regarding the etiology of t&chmiia-regerfusi on injury is 

ilftiil Ihc iiiiLlilI hyp ism: stress iirsulLs ill EliC pi Oilik.'liiTin. of 

JiypoxanthiiK ami O -radical-prixluanp xanthine q*i- 
<Llvc p During ropeifu&,ion a mnleeuEai is reintroduced 
into the tissues, where It supports die bona production of 
more arperowde-union and hydrogen peroxide, which in 
lum yields highly reactive cytotoxiccomponents. Grain- 
ulocytss are attracted to this area, are alivuinl. ami 
adhere to mimivawulur emtotbetium. These granules 
cytes then in turn cause funher euduihetial cell damage 
via. release of supcmxide and various proteases (Granger 
I988; McCord 1987; Welboum et at. 1991 j. 

Dysfunction Induced- by free radicals is likely u 
major craiponcnC of ischemic diseases of the heart, 
howel, liver, kidney, hrain, and skeletal muscle 
(McCord 1985; Granger cl al. 1981; Perry and FanLim 
1987; Knanzyo 1991). In addition, reperfusion of 
ischemic tissue may lead to an inflammatory reaction 
Lhat is mil just confined to the region of injury (Wel- 

honmet all. 1991; McCord 1987). 

Rcperfuscd tissues are protected in a variety of labo¬ 
ratory models by avengers of superoxide radicals 
l.superoxide dismtfUarf) and hpdhmyl radical (dimethyl 
sulfoxide l or by inhibitors of xanthine oxidase (allop- 
uriml) (Welboum et al. 1991: McCord 1985). 

Chronic Oxygen Lack. A gradual decline in O. 
tension occurs it* line vertical distance from sea bevel 


increases. The decrease in H). is. a direct mull of ihe 

decrease in haromecriv pressure with increasing alti¬ 
tude since O v concentration in the earth’s atmosphere 
remains al slightly less than llflfe of the total baromet¬ 
ric pressure. For example, I hc FI >. of ambient a ir at sea 
level is 159 mm Hg (0.21 x 7M mm Hg: Tabic 10.2) 
but 110 mm I Ig (0.21 x 523 mm Hg) att IflyDOO foet mid 
only 47 mm Hg (0.21 x 226 mm Hg) al 30,000 foci. 

Adaptations to high altitude and the associated kw- 

ered inspired! PQ. depends n> a certain degree on 
whether Ihe individual has resided at high altitude si nee 
birth or has only recently (within weeks) traveled there. 
However, in general, the adaptation p ro c ess includes an 
increase in alveolar ventilation, hcmugbbm ami 2,3- 
nro production. respiratory gas-diffusing capacity in 
the lungs, and vusculariLy of tissues. ITiere is also an 
improved ability of the cells to use a more l imited FO,. 
LkcusiunaJly, adjustments fail to occur in individuals, 

and Lbeir health and ■well-being are affected (Guyton 
and Hall I99ti; Nunn 199.1; Weal 1992). 


Ox v gen Excess, Hyptmxia refers ko an increase in 
F Pt above nnrmal for animals breathing air al sea 
level and tan be produced in two ways. First, an cleva- 
tkm in P G, al >ca level can result from increasing the 
inspired O, traction (concenCrativ'in). Common dinical 
examples of O. tTutchirlenl of the inspired breath 
include the praetke of using O, as. an anesthetic" carrier 

gas or to suppkflient the inspired breath «f a critically 

ill, h^TOJUiTUC 
pmlMCfd by elevation of ihc ambient pressure with or 
wi i hi it Li a ehange in ihc oxygen enneemration, i.e., 
hyperhaxic oxygcnalion. 

Hypcroxia can be tktrimencal in a number of ways* 
including depressiem or cesHUEiOn of venlilacion 
(apnea), retroIcnLal fibroplasia, fire, and CJ, Loxieity. 
Retrobcfltal fibroplasia i-^ a condition that trequeaUy 
develops, in prematurely bom infanis who in ihc treat¬ 
ment of premuturity are exposed to high concentrations, 
of G, (Ashton 1979: Pm 1965)- The ocmltlkHi may 
cause (.lernfuiiKjit blindness as a resull of ().-associated 
retinal damage. The crucial dererminanr appeats lo he 
the magnitude of fO,. The incidence of this problem 
has been reduced via rnoditoring f\p. and controlling 

che inspired O, coneemration no facilitate a PQ. of 
60-70 mm Hg in ite infant. 

All tissues of the body can be direcEly injured by 
sufficiently high PQ, but because the lung is exfw.ised 

to i he highest partied pressure- it is very vulnerable. 



Normobaric O, toxicity of the lung h related to the 
magnitude of inspired O r concentration and rhe dura¬ 
tion of exposure. Except for tracheitis, which devel¬ 
ops early in the exposure* normal humans can likely 
tolerate an elevated inspired G, cnneentiralmn at sea 
level for ai lease 14 hours without any serious lung tis¬ 
sue injury. Longer exposure times ud/or (Utdeflying 
disease or other physiological factors (hit reduce the 
subject* 1 tolerance (e.g. P age, nutrition status, previ- 
®m exposure ro O. or other oxidants) will result in 
parcnchymiil injury. 
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Hyperbaric O. iccckiiXS the effects Cuf G, toxicity 
and rapidly induces convulsions. suggesting I he cells of 
the central nervous system are also very sensitive tu 
hypemxia (iJencke and Fan hurt! 1982), 

]"he pathology of Ol das icily based on studies Off ffli* 
rnuls and human beings is nonspecific and includes 
atelectasis piilnutfLary edema, inflammation, and alve¬ 
olar membrane chickening. The endothelial cells of the 
lung seem to be affected earliesi, resulting in altered 
cell permeability and ultimately nunnirdtogenie 
edema. Damage to the alvtttar type I epilhelinl ceils 
contributes to loss, of dlveo'htr stability and liter local 
fthratk Although the pathogenesis of hypcroxic f> 

toxicity is rnic fully established, the formation of excels 
0 free radicals- and associated cytotoxic species- is cur¬ 
rently viewed U the probable mechiin i^m. r 'l bus xan¬ 
thine oxidase and nculruphil-induced 0,-nietLibolire- 
medNUed injury seen lo participate in bout pulmonary 
O, toxicity and le^henua-feperfiision injury. Reader* 

will Find reviews by Hteneke and! Fan-burg {1982), 

Crapo et al {1983). Repine and Tate (1983), Jackson 

(1985), and Nunn 1 1987) helpful for ton her intorma- 
licMi on this subject. 


ThtmpttVlir Uses nfOxvgen, There are iwn primary 
clinical uses of O. in veterinary patienls: cnirtectioifc of 
hypoxemia 4iiwJ hypoxia arid M 4! diluent Of carrier gas 

for inhalation anerfiitief. The absolute O concentra¬ 
tion used as therapy far hypoxemia varies with clinical 
mm instances and the physical status of Lhe patient, 
because of its potential tor harm* especially with pro¬ 
longed re&pteitoay care and O, use. the lA^vd 0 , con ■ 
central ion used treatment of hypoxemia needs. to he 

closely monitored and controlled. Usually an inspired 
Q. concentration less than 30% is desirable if pro¬ 
longed {12 hours or more) administration is antici¬ 
pated. The adequacy of oxygenation i s monitored via 

serial dcierniination of sampling of arterial KIl.-ksJ and 
measurement of PO. . On the other hand, because of 

the relatively short duration of exposure and the added 

complexities of multiple gas delivery, an inspired O. 
ccmccnLrattiin greater than 90ft is the common, if not 
usual, circumstMice isswiafed with lhe management of 

inhalation Anesthesia of veterinary pukats. 

A third clinical use of supplemental O s udmiifiistm- 
tion is to facilitate the absorption of inert pM.es) from 

gas pockets within the body. Gas spaces exist in the 
body under usual and sometimes under abnormal cir¬ 
cumstances. Site* within the body include the giisiroin- 

tcstiiuJ tract, peritoneal and pieural cavities, alveoli 
whose gas cntrtrlccfatk paths are itoi in free commuui- 
iilkm wuh airways, and subcutaneous locutions, The 
gas contained within these pockets (lacgcly nitrogen) 

will ho absorbed ima ihe blood and loM Irani the htwjy 
mure rapidly if 0 2 is inhaled because of the individual 
gas partial pressure dil fa i flttl between Lhe gas space 
and the fafcwd. 

Finally, 0. Can be administered ut mure than one 

atmosphere (hyperbaric condition*) if tile patient is 

placed in a rigid container. The clinical application of 


hyperbaric Q, delivery to veterinary patients is a rare 
event. Ite use with animals is more commonly associ¬ 
ated with investigative activities, It hits application to 
human patients with specific clinical conditions such as 
gm gangrene caused by clostridial organisms, decom¬ 
pression sickness, or dr embolism (Lhe therapeutic gpiri 
ii for an increased hydrostatic pressure and the esiab- 
livhment of a gradient tor outward diffusion of inert 
gas) nr Lhose patients who require a l\Q. in excess of 
Lhul at norm ibiiric daumNtaitc^ ie.g,, P m O. in these 
patients h normal but blood fkm to a region is 
reduced) (EckenhofT and t.ongnecker 1990; Guyton 
and Hall 1996; Nunn 1993). 

Ad ministration of Oxygen. Oxygen is usually 

administered by inhalation using a variety of available 

equipment (Dorsch and Dorsdi 19SU; Shapiro ct al. 
1975; Shore 1987; Hull and Clarke 1991; Haskins 
|986), An exception occurs in circumstances in which 
extracorporeal blood circulation is used (c.g,, open 
heart surgery), in which case is made to come in 
direct contact with blood. Terminal devices used to 
supplement O. in lhe inspired breath of uwaike or 
lightly sedaled/depressed animals indiUde masks. nasal 
cannulas, and specially designed gas. delivery eages. To 
facilitate maintenance of the airway during C). delivery 
in anesthetized or markedly depressed critically ill 
patients, endotracheal inluhation is used. The endotra¬ 
cheal tube provides direct access Id the airway and 
seals oil the walls of lhe airway to minimize any possi¬ 
bility of lung aspiration of foreign material, Tile tube 

also aJIows better control of inspired, gases and facili¬ 
tates Use of mechanical ventilation in patients with 
compromised ventilatory function (Short 1987; Hall 
and Clarke 199 L Haskins 198b). 


CARBON DIOX IDF. Carbon dioxide tCOj is pres¬ 
ent in the atmosphere in minute proportions (OJ03%), It 
h stored in cylinders and available commercial ly for 

medical use. Carbon dioxide is a waste product of tissue 
metabolism and is carried in blood primanly an three 
forms: physical solution, combined with proteins as 
carbfirnino-Lumpcsrunds in lhe red blood cell (about 85ft 

"f Ii - - - Isilidi jrid fifisi nu. :ir.l j-. Ir. i-Inn il r in |u:s v|ii:i 

(CO_ readily combines wnh water m ftsrm carbonic 

acid, which then dissociates u> hbearbrnnate and hydio- 
gCn ions). Hie CO, dis^xiation curve relates PC O. to 
the CO, contenc of blood. Unlike the oxyheutogknfl 

di-vtodntiofi curve, this curve h;i.s m* phaeuru. w that its 
P CO, increases, htand PO^ aJso increases (Comroe 
1965; Guryton and Hall 1996; Nunn 1993). The CO, 
produced in the body is lost primiirily v iathc lung’-. The 
fllvwlir /<!O is iitver%ely related to ihe magnitude of 
alveolar venMIwionir Since there is virtually no diffusion 

impediment to pulnumary capi|lary-alvfqilar djifusiofi 
of C0 1B PCD,'mirrors lhe PJo6 y Thus P CD, and 
ihfiw ventilation are also inversely relaLed. 

The normal range for the /" CO, in terrestrial mam¬ 
ma Is is 35—45 mill Hg, I~_jl'Ii s|x.lils umui lly cxllihrt s a 
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Mtfrcww range witJiin this bnaader range. Clinically* 
hypoventilation i a present when FC0 3 exceeds iwrma] 
(i.e,, hypercapnia). and liyper^iiciUiiiyn is indicated by 
a lower than normal jP CO, (i.c. r hypocapnia). When 
ulv-oiittLr weniilatium decreased (or CO, is inhaled h 

(he P B COj increases 4 hhJ Wood pH decrease This 
change in pH a i§ referred to as respiratory acidosis, 

Conversely, when alveolar hypervcntllaiinn occurs 
(e.g.*. mrcncalous mechanical vcnlilMkiflJ, F CO. 
decreases and pH i increases, resulting in itspnlApry 
atkaldeisw Since CO. is freely diffusible, rapid intracel¬ 
lular pH changes also occur. 

Changes in the magnitude of F CO, have important 
pharmacological effects. However, as pointed out by 
Nunn (19*7). a number of issues relevant Lo our under¬ 
standing of the etiology of these effects must be appre- 
ciated, First, species differences. h especially in the mag¬ 
nitude of response to dkniions in P CO T sometimes 

make interpretation of findings in the target specif dif¬ 
ficult- SfCOOd. the pharmacological effects of CO> may 
occur because of its direct effect on tissues or via. its 
ahilily to alter intracellular and extracellular pH. 
Finally, because of its universal nature and ability to 
rapidly equilibrate throughout the body; its die iris are 
rapidly produced al different sites so that there may be 
addilive. synergistic, or antagonistic influences on 4i 

resultant effect. Por example, a direct effect of CO, 5a 
k> depress muscle function, which in the heart result* in 

a decreased myocardial contractility. This in turn will 

cause a decreased carditf output. At the same tune it 

causes m endogenous release of catechohimines, 
which in turn results- jm an overriding increase in car¬ 
diac output in> the hcallby, sympathclically intact sub¬ 
ject. The aiktluciice of dianges in F CO, will be briefly 

reviewed below keeping in mind these difficulties. 
Aim since the effects of hypocupnih are levs well 

defined ikuiii those of hypercapnia discussion emphasis 

will he on effects of increased PJCO r The review will 
emphasise effects related to general anesthesia and the 
unconscious, critically ill patient. 

Hypercapnia. Hypercapnia has important effects on 
the cardiovascular system, the central and autonomic 
nervous systems, and the respiratory system Genera! 
influence* on other organs (e,g„ kidneys) are largely 
related to more direct effiKtl on control of organ func¬ 
tion via die nervous system or blood flow. 

Cardiovascular System, The observed response 

represents u balance between die direct effect uf CO. 
on she target tivsues and excitatory effect* mediated via 
the nervous system (Cullen and F.gcr 1974; Guyton and 
Hall 1996; Nunn 1991). 

Carbon dioxide causes a direct depression ol' myo¬ 
cardial cufiiLTiR'Lilily (as delermiined from isolated head 
muscle preparations.) as well as a depressant effect on 
myogenic activity in the blood vessel*. Consequently, 

direct unopposed actions of CO. foster a decrease in 
cardiac output and a ictluciioin in peripheral vascular 
resistance. 


Jn die subject with intact autonomic control of car- 
dkvvjscular fundion, Lhe direct effect of CQ a is over- 
coitne by the stimulant effect of the sympathetic nerv¬ 
ous system. Consequently; with hypercapnia cardiac 
output is increased (increased stroke volume I, and if 

there is a change in arterial Wood pressure, mi increase 
is the predominant change (Cullen and Eger 1974; 

Cullen el al. 1990). Ac superhigh levels of P CO„ car¬ 
diac xmLpul may decrease (Nunn 1993). 

TTk incidence of cardiac arrhythmias increases with 
an elevation in F CO^ The impact of this change is 
related to other factors I'c.g., anesthetic agent, anes¬ 
thetic dose, species, and the animal's physical staLusJ. 

Regional blood Row is also heavily tnfl uenced by an. 
iiHrease in F L'O,. For es4Jjnple, cerebral vessels are 
dilated by hypercapnia. The loss of auto regulation and 
the increase in curdhtc outpuL ♦iccornpiiuying 
ilia result in. an increase in iniracranLal (an encltv^d 
space) pressure, which may he further influenced by 
same anesthetic agents and techniques {Cullen cl al. 

uni good for the 
palienl's weII-being, especially in the presence of any 
underl ymg cerebral pathology. 

Central Nervals System. Three basic conse- 
quence^ of nil increase til / J jOO s on die central nervine 

system are relevant to i his discuss ion: (I) effects cm 

cerebral blood vessels and the secondary effect* on 
cerebr\KHpinal fluid ami intracranial pressure, (2) die 
effect on breathing, and (3} the effect on general neu¬ 
ronal activity (Nunn 1993), 

Intracranial pressure lends to increase with hyper¬ 
capnia largely as a result of cerebral vascular vasodi la¬ 
tion, as discussed above. 

Jn spontaneously breathing individuals, the tidditiun 
Of CO; to ilw inspired bremh causes ail iincrease iai 
P CO, that in tom causes ventilation to increase. The 
CO., acts primarily by changing the H p concentration at 
the central chemnreeeplor area which is ((.scaled close 
to the ventrolateral surface of the medulla (Guyton and 
Hall 1996; Nunn. I993; WesL 1992), Concurrent 
hypoxia adds to the response to hypercapnia vil 
peripheral ehemoreeeptor stimulaLinn, and anesthetics 

depress the resptHise, usually in a dnsij-dcjkri iJ-jiLI man¬ 
ner (Nunn IW3; Wciskopf ct al. 1974; Hickey el si. 
mil 

Hypercapnia depresses general neuronal In net a on 
and if sutlkienlJy high causes general anesthesia 
(Clowes et 4il. 1935; Eisete al. 1967; Klemm Il9f4^ 
Mattssofl sc al. I972>- In dugs a P ( CO. lira 95 nun 

Hg has been shown to be progressively narcotic and 
reduces ihc amount of cnmurrently administered 
halothane required Lo maintain a eonstanll depth of 
anesxfcsltL Anesthesia was i4ehievigd with CO ± iklom at 

a jP OOj al>ove 245 mm Hg {Emk et al. 1967). It is 
advocated m a wtadve for httuIJ laboratory animal* 
prior to euthanasia ( Urban ski and Kelley 1991; Black- 

shawet al. 19*8: Damnemin ^ al. I99T). Use ufCO, as 

B 

an anesthetic for minor surgery in human beings has 
also been reported (Leake and Waters 1928k At con- 


1990). These nL'tions are usually 
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ccnlradons- below those ousing general anesthesia, 
CO, muy cause sedation or coimihkwvs in some oilier- 
^isc-uiritieJk-4iiftJ individuals, Indeed, review -of avail¬ 
able literature suggests. that especially in susceptible 
individuate like human beings there is a ptnprcssi to 
depfesskm of central nervous system activity as the 
fOl is increased up to about 150 mm Hg: above this 
a stage of central nervous system exdtilidd and con¬ 
vulsions occurs. With a cundflued lACKsflH in / J CO, 

d £ 

(beyond 35%, inspired) this second stage is followed, 
by progressive depression of cerebral dteccrital act ivity 

and general iairaJhe&ia (Clowes et ill, 1955), 

At 7040 HK Nervous and Endocrine Systems. 

Increased sympathetic adrenergic activity is widely 

tmpized as the cause for many of the actions or mod- 

rcapnia. F.ffeeis originate 
both centrally and peripherally (Nunn, 1993). Hyper¬ 
capnia results in an increase in plasma concentrations 
of both epinephrine and norepinephrine tMillar I960). 

Effects qp CD, o>; Oxygenation. A major conse¬ 
quence nlhypcnaptik is a decrease In alveolar O, cofir 
centralion. The 0 3 reduction is of pflftkcukir concent if 
the inspired gas mixture u.1 mi includes nitrogen and/or 
nitrous oxide, Additional CO. molecules occupy space 

in ihe lung previously available for D... This situation 
thereby reduces due alveolar PG Tr and hypoxemia may 
result. 

Hypercapnia can ultimately influence arterial and 
tissue oxygcnaticm in other ways. Few example, hyper¬ 
capnia can induce improvements in ventilation and car¬ 
diac output in spunUuwouslly breathing animals. An 
increase in PC O , also causes hemoglobin to have a 
reduced, affinity for 0 ? , Both of ihe^e effects oppose the 
ahvolar-O^-diEuiing effect and maintain or enhance O t 

delivery, However, further discussion on (his is beyond 
the scope of Ibis review; interested readers arc referred 
to appropriate sections in textbooks of respiratory 
physiology lor additional informal]on iComroe 1965: 
Guyton and Hull 1996: Nunn 1993). 


ifkatson of mimm of hype 


Hypocapnia. As previously noted, pharmacological 
effects of hypocapnia are less well defined than those 
of hypercapnia. The ellccts manifested during condi¬ 
tions of lower den normal PC0 2 are also dependent 
on wheLher cxmetkkma relate lo active pulmonary 
hypeiYendlfilioo) as might occur in stales of anxiety or 
in spontaneously breathing patient* in light planes of 
artestheia or altcmalrvely in anestheti^d ot critically 
ill piiiienh whose ventilation is mechanically con¬ 
trolled io cause hypocapnia- The presence or ebscncc 
of mechanical effects of altered intrathoracic pressure 
swings on blood circulation modifies any pharmaco¬ 
logical effects of CO' or accompanyi ng pi I changes, 

In the anesthetized subject the prominent effects of 
hypocapnia Include a general reduction in cardiovascu¬ 
lar peifbmianee (e.|. M decrease in cardiac output and 
arterial blood pressure) that may be considerable in 
magnitude. For example, cerebral blood flow ii 
decreased as PC 0, is dKRtkHd from 40 to 2D mm Hg, 
Hypocapnia ateo causes decreased activity of respira- 
Imj control centers and an accompanying decrease in. 
alveolar ventilation. 

There i* a clinical imprest cm that lowering PCO, 
during the anesthetic management of paLicnts con¬ 
tributes to the anesthetic effect (Cicddcs and tiny 
1959). However, studies of dogs (Cullen and Eger 
1971; Eger et aL 1965) and humans (Bridges and Eger 
1966) could nut demonstrate a reduction in h&J&lhalte 
anesthetic Tgqilireili&ttL 

CLINICAL Uses. Decreasing P CO, via hyperventila¬ 
tion during arasdttsm is a common tactic to foci LiUlie 
controlled medutikd vein iiai ion in the absence of 
neuromuscular blockade or excessi ve anesthetic depth., 
Et is also used to attempt to mininruu or prevent neuro¬ 
logical explications that might arise from increased 
intracranial pressure an patients with cenlral nervow 
system pathology and/or to shrink brain size (via 
reduced blood tlow I and facilitate surgery within the 
cranial cavity. 


Effects on Drug Actions. Hypercapnia may 

affect concurrently administered drugs a number of 
ways. Altered regional bkxid How caused by an 
increase in f J CO+ may change drug distribution. In 
addition, an tncraue in PJCO t decreases blood pH (res¬ 
piratory acidosis), thereby influencing the degree of 
ionization of drugs. Either or both of these conse¬ 
quences may be substantial enough to alter die ding's 
pharmsicokinpctic chamcleristies to a point of investiga¬ 
tive or clinical conctm 

CLINICAL Use OF CO,. The main therapeutic indica¬ 
tion for the administration of CO, is to stimulate venti- 

luion, There i-s evident* to Miuw that iic bM mild 

hypercapnia improves cardiac ouiput and arterial blood 
pressure, especially in anesthetized patients. Carbon 
dioxide is used lo rapidly render unconscious and euth¬ 
anize small laboratory animals- 


WATER VAPOR* Humidity is. water in its vapor state, 
invisible moisture. Ii is not technically a gas, because 
Lhe critical temperature of water has nol been reached 
iStaobn ill. 1990k When air is inspired, it is nor¬ 
mally warmed and humidified to tuuratkm at body 

temperature. This process is largely complete by the 
Lime Lhe gas reaches- she larynx. In clinical circum- 
staneu in which Hue naud cavity, mouth, ;uid pharynx 
are bypassed, us with tracheostomy or codotiacheil 
intubiition. the process of hydra dug inspired air is 
accomplished less efficiently by lhe mucosa uid the 
mucous blanket of the trachea and more distal airways. 
Normal individuals can withstand thK shift in site of air 
hydration without apparent clinical consequence, but 

ptKfirte w-iih airway injury often cannot, 

Humidity can he deseribed in a number of ways. For 
example, the absolute humidity is the actual water 
content of a gas and is recorded in terms of weight per 
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TABLE 10.4—Waier vipor pressures and cankni 
I saturated) M sheeted it'ttipsriil vires 


TLinpcruturr 

Vkipiie presMiru 

Wafer S upji 

comm* 

“TO 

Hg) 



ITJ 

17.1 

213 

IS.7 

IH.4 

22 

IM 

19.4 

h 

21J 

20L6 

24 

234 

21,S 

25 

23M 

23J 

26 

25:2 

24.4 

27 

26.7 

1U 

M 

2t3 

27.2 

29 

30.0 

2H.H- 

m 

3lJ 

.10.4 

31 

35.7 

311 

32 

15.7 


33 

37.7 

55.6 

34 

W3 

17.6 

35 

42.2 

40.0 

36 

446 

41.7 

37 

47,1 

43.9 

3ft 

40.7 

46.2 

W 

314 

4H 6 

40 

55.1 

30 


Sorrel: Vr.mi I^tiun ISE5, pp-. 10 26 and ILk HI. 
*Ah«*iJ|urir hiLmiduy, 


1965:; WchI 8 992), Hi c wider vapor adrift to inspired 
gas *fremember this is tempjratw dependen.1) thus 
nddcAl the partial pressure of O', in the hipiffll pas. 
ITuit is. Lhe PO, of mu-M ittfUtri gas m the trachea of 
an animal with a NmJy Lemperature of 38 e C is 20. 
of 760 — tana Hg (340 mm Hg),. not 2.11,9'!? of 7M? 
(150 mm Hji sin dry ade(theatmospbencof total jkis. 
pmiun at am level is taker as 760 mm Hgjk This ear 
be slued in general form as partial pressure of humidi¬ 
fied sample = fractional concentration of dry gas x 
(barometric pressure -saturated vapir prssir). 

Therapeutic Uses of Wader Vapor, The humidifkui- 

Sion of inspired air normally helps maintain the hydra- 

lion of the dhow blanket of the airways. A decrease 
or loss uf tills aeiion prtjmiHiys trusting of Mk 1 respira¬ 
tory mucosa, thick airway wndfllk and reduced effi¬ 
ciency of mucociliary transpon. Some clinical exam¬ 
ple* in which administration of water sapor is uidicalcd 
include a palienl whose upper airways arc bypassed for 
a prolonged period via Lracheoscomy or oro-endolrj- 
cheal intubation. Another may be Lbc long-term deliv¬ 
ery of inspired g;Lw* i.kri'vcLL in pad lkt loLally Imrn 
cylinders. The gas delivered from these sources is dry 

and eiui bare a rjpw.i drying tiffe-ei on respiratory &ya- 

lem mucosa. 


volume, c.g., mg/I. iTable H1.4). Relative humidiry is 
the relationship of the actual w ater vapor content of a 
gas and its capacity to cany water at a given tempera- 

lure Atld is cKprX'M^cl £* S percentage I Eif LhuL L-upaciiy). 

Capacity increases wilh an increase in ScmpCTHlnre. 
Wafer as a vapor acts like a gas. The molecules of a 

liquid, like thc^c of a jyis-, are in eunKEurtt ikkiCiLtft. feme 

of Ihc molecule* at the air-Jiquid interface escape from 
the liquid and enter the gaseous space above. AL equi- 
libriom lhe number of molecule* leaving the surface tf 
the liquid equals the number returning from [he gas 
space a hove • The grealer the temperpturif, the; greater 
the liquid molecules' kinetic energy and therefore their 
tendency to leave and enter the gas phase. Water mole- * 
Cults in Lhe vapor *Late tXdl a pressure, and a* ihc tem¬ 
perature increases, the ptdtkl pressure of water vapor 
aim? increase*. Therefore, we can deserihe waier vapor 




in terms of its vapor pressure: the pressure lenmmunly 
in mm Hgi that water can exert at jj given temperature. 
TTiih is true regardless of the ambient pressure. Whet) 
ilw atinosplwrv is completely nfnraiwl with water 
vapor at a given temperature, the relative hunidUy is 
I titfWfi-, This tempentBR^preanre relathwiship is well 
known (Table 10.41 and i* an imponani eoncepi in our 
Ihcrapeutk- application of respiratory and anesthetic 
vapors. Tor example, a* noted in Table 10.4. the vapor 


pressure of water at a faddy temperature of 38* C 
(100-4° F j is SO in in Mg We km.iv, that as air i§ i nhakd. 
if is humidified to saturation Recall chut the total pres¬ 
sure exerted by the lUHHphere is the sum of ihc pres¬ 
sures exerted by it* component gases ti.e., the partial 
pressure of each of the component gaxe* of the g» 
mixture; Daltons law) (ScanIan c( al, 399Cfc CdAllH 


Admanlrfrailuni of VValrr Vapor. Water vapor may be 
delivered us a vapor (humidity) m as a suspension of 
very fine partldes of liquid (water droplets) in a gas 
(aerosol? l.Samian et al. 1990: Shapiro et al. 1975; 
Haskins LySbL Water muy also be directly inslilled into 
the Incbethnuchiil mre. Wua can Nr given tint eh- 
wjih various medically active COOfititaefllA, including 
ckctrolyfes (t.jj.. saline lu Huuklificrs can deliver waier 
vafHir in room temperature to nuke rhe gu^ more com¬ 
fortable to breathe or at body temperature to increase 
the amount of waier thal is delivered in a breath (Table 
]C).4) a Water volume over LhuL limited by temperature 
can be accomplished w-iLh aen^sol generators. In addi- 
ikin, pMtkk lire of acri^ils can he ^arietl an^L ^leCcr- 
mines ihe hiec of water deposition wiihin ihc respim- 
tory tract. Tfacntore,, if the clinician knows lhe 
pftTerwd level Eif remol (kjpcdtkm in lhe ilrwiy, lhe 
device btsl sated far tivu therapeutic effect can be 

selected. 

Likely the grcalcsl problem relatL*d to this mode of 
therapy i* infecLinp a patient via conlamiruilcd respira- 
Lory therapy equipment. Other potential problems 
include thermal injury ID lhe respiralury fflUOHk fluid 

omfoftd via water abwirpiioriv and urwiy obHkmctiaa P 

especially in ^ciy vising or small paiiems. 


NITRIC OXIDE. In t L >H7 Palmer eL aL and Ig&mttu el 
al. (1H7) sepanndy prepoud chat the bkdogici] 
■ctiDDA of enduchdium-derived relaxing factor (Fureh- 

gott iuid /.awadhlii Wmi are due io rhe endngenou-s 

release of nitric oxide (NO). Niiric oxide is formed 

fmp the amino acid L-upniiK by □ family nf 


f 


1i L"Si. 
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any me*, the NO syntinreG* and is recognized is a 
major ewtogertoUft mediator of a variety of diverse 
physiological processes (see Chap, 2). including 
smooth muscle KtaJtalion, platelet inhibition. central 

and autonomic neuniiransmissinn, tumor cell lysis, 
bacteria killing, and stimulation of hdniwvuJ rale-use. 
Hi fufttULion in vascular endothelial cells in response 
to chemical and physical stimuli helps CO iruiinl-iiin u 

vasoililitor lone I Inf is essential for regulation of local 

blisrut flow and pressure (Moncada et al. I9S9; Van- 
houtftfi 1989; Furdigtrtl 1990). Following ils formation 
in the endoLheliuiu., NO diffuses into djaccnl vascular 
smooth muscle and activates. soluble guanykile 
cyclase: ihe subsequent increased synthesis nf die sec- 
ond-Tnessengw cyclic pumylace 3'S-n *onophospliate 

produces smooth muscle relaxation and vessel dilation 

(I mmm 19W)l 


Therapeutic Use of Inhaled NO. Nilnc tmde is not 
effective when administered directly into the blood- 
sfream because it is extremely rapidly inactivated tin 
3—5 seconds) by hemoglobin (Gibson and Roughum 
1957). 


Tlie potential beneficial role of iiilUM^ompmmd'. in 

problems of chc lung has been appreciated for many 
years. In Ihc pasl Jive years Ihere has been an explosion 


of know ledge related lo the therapeutic applications of 
NO in ihe lung, lit is rums widely appreciated lhal idler 

aiiofis of NO metabolism or the dimpeutk and diag- 
ftONiic use of NO or its derivatives may play an impor¬ 
tant role ia pulmonary hypenensUiti (including hypoxic 
pulmonary vasoeoflstrictkni^ or HPV) and some other 

reversible lung diseases. With pulmonary hypenension 
the vasodilalocy action specific to the pulmonary ver¬ 
sus the systemic vasculature is of critical importance. 

Frosted et a|. (1991) reported that inhalation of 5—$0 
ppm NO cawd pulmonary vasodilation during pul- 

fflodiury vasoconstriction (e.g„ caused by severe 

hypoxia; HPV). Exogenous inhaled NO diffuses from 
Ihe alveoli to the pulmonary vascular smooth muscle 


and produces pulmonary vasodilation. The action in 

selective since any NO that diffuses into (he Mood is 
rapidly inactivated before ii can produce any systemic 
effects (Frostell et al. 1993). In addition, inhaled NO is 
known to caitsc bmnchodilaiicm in the guinea pig 
(Dupuy el al. 1991). Thus, *lv a result, the ijsg til ifihaded 
NO is being widely and intensely investigated as a ther¬ 
apeutic possibility in pulmonary medicine. 

Although published reports of its use in clinical 
practice Ce.ga. Frostell d at. 1993; RossuinL el al. 1993; 


Wysneki et al. I9M) are increasing in number, its me 
is si ill considered experimental. The many unresolved 
issues include the potential pulmonary toxicity of 
inhaled NO- Toxicity may be due to either NO itself or 
Its reactive nxtatolite NO, (nitrogen dioxide) (Steven 

and Lchnert 1990; Hugod 1979); bach have been the 
subject cif study for many years (Morrow 198*1),. Nacrjc 
oxide is a common air pollutant, and acute lung injury 
can occur al levels over 3CM0O ppm. In addition, NO 
Maids to httnogkahiii Ies lucm mtrraylhcmogtobin* 


which is rapidly converted to nielhcmoplobin (Gibson 
and Roughlon 1957), 

In the presence of O r NO is converted to NO,. The 

rate of NO. production in simulated and Ktuil clinical 
conditions Ins been reported! tFuubert el Al. 1992; 
Btouchct et al, 1993; Lindberg and RydgrWi 199®). 
Nitrogen dioxide has long beeti fecogniized as re&pnA' 
vble for S ilo Filter* Disease (a syndrome of pulmonary 
edema, hemorrhage, and hronchioLilis; NO, is, a prod¬ 
uct of grain fermentationJ and other felalcU flung injury 
syndmns (WilUimi et al. 1971). Occupational safety 
and health guide lines recommend 5 ppm as the upper 
limit of exposure tu NO, (Centers for Disease Control 

1988), and recent guidelines for NO. exposure during 

therapeutic use of inhaled NO recommend less ihan J 

ppm (Ziipul et al. 1994). 

Administration of NO. Nilnc oxide is a gas al room 
temperature (and down to-152' Cl and is usually sup¬ 
plied in a cylinder as an inert mixture with nitrogen 
(NO-N,). These preparations may, if not carefully pre¬ 
pared, contain higher oxides of nitrogen, including 
NO r Nilnc oxide has a density relative to air of 1.227 

and a WAterfgaa solubility of 46 ( 20* C). 

Guidelines fur appropriate admin isirai ton of NO 
have been published (Tibhalls et nil. 1993; Zupol et al. 
1994; Nishimura el al. 1995; Lind berg et al. 1997; 
Body -a al . 1995). The mode of delivery nf inhaled NO 

must Allow for precise, rapid control of NO concentra¬ 
tion. Waste and excess gases should be scavenged to 
reduce potential dangers associated with occupational 
exposure to NO or NO,. 

Ruth NO and NO, ennceniraiiftfis in (he inspired 
Jimb of the breathing circuit and in the immediate envi¬ 
ronment should be conrinuonsly monitored by Chemi¬ 
luminescence or clectrcsjhcmical analysers. The "gold 
standard" method is chemiluminescence (Body cl afl. 
1995; Kavunagh and Pearl 1995), but other more eco¬ 
nomical and 1 ‘user-friendly" monitors are becoming 

commercially available. 

Due recommendations fur inhaled NO are variable 
and cireu instance dependent, hut mast suggestions lie 
in the region of (U4D ppm, with recent emphasis on 

Ihe bmccunntnbw (Ito^ini et al. 1993; Puytus- 

sclctal. 1994; Kavanagh and Pearl 1995). Inhaled NO 
effectiveness may be enhanced if NO is combined with 
adjunctive agents such as almiLrine hismesylate 
(Wywcki et il. 1994; Lit et al. I995) P 

In sunmnary, al present NO inhalation is a promising 
dierupy tor some paiaench w ith reversible lung disea.se. 

However, il.> present use with human and. veterinary 
pat4ms ccuHinucs to be eoitewkred in rhe cxpenmental 
phase. 
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Inhalaiicpii anesthetics jure unique among the anesthetic 
drugs because they are administered, and in large pun 
removed from the body* via the Lungs. They are used 
widely t'nr the anesthetic munagemeut of animals in 
part because their p ha n DJ KtikiiwtK chanrlautici 
SavLir predictable and rapid BdjtiStHKfTt of ancslhelic 
depth. In-uddilum. a special apparatus h usually used in 
deliver the inhaled agents. This lielps mini maze patient 
morbidity or mortality because It lacililates accurate 

P:irK l'iI dih i. hjpirr liati: jppcired in a ckifHijr tw I!. T. SlrlTr* in J f, 
Tliurirvvi. W' lY^xi^illi, :il 1 il ( r J tttttviHl. ihl* . VvJi'.nHu-/^ 
iBMlIinM'tr Lfl *4 Pi&JfCT, Rdpnnud wills pernii^hm. 



* 1M IftE® '€•?£■ 1 PAD 2CQO 


I 

jj Year Introduced 

! H( i. 11.1 InluliiiMMi aiKMhuiiL’s ificmibiLud fnr widchpreud 
5 Llinicol use. I.Adapted Prism tiger rq>rinlcd with j>ef- 

I mhiinn from SteSsy 1993 j 


and controlled anesthetic delivery, lung vent i Lit inn, 

improved arterial oiygciLaiicHi. 

The search lor anesUieLic agents with ever greater 
safety and lever side clfecls is ongoing. Over Lhe l_Vl 
yem iluii inhabit inn anesthesia has been used in dim- 
cal pnetke, fewer tlnm 2ft agents lui%e actually Keen 
introduced und approved for genera] use with patients 
t Fig, HJi Fewer than 10 of these have had any history 
of widespread clinical use in veterinary medicine, und 

only 3 fit of current clinical Importance in Ninth 
America. Ibis chapter will tbcu on I his last group of 
anesthetics tTiihLc I I t s The group includes halothane 
and fcsoflutnuK, which togtfher are the most widely 

used inhaled anesthetics. In addition, nilran oude 
CNjO), OKthoiyflmae, mid enHom» enjoy varying, 
hui Leaser, degrees of popularity. Uifbmmivly, IHK of 
these b the ideal inhalation inesthctiCr An ideal agent 
w-nuld have chajacterisLie* that Include a stable shelf 
life without preservatives and compatibility with enisl¬ 
ing delivery equipment. It wl^W be inexpensive Lo pur- 
chaae, nonflammable, and easily ^apori/t'd under 

H>4 


Copyrighted material 






Chapttrfl / irwdjvnw anbtwtio / Ekmw A Stfio* jf IlfcS 


TAlSLfc 11.1—Inh-iilmlitbiL jirtcalhclir Hgenta 

GttHjp if AgLfth in cunt L'liiiicaJ yrf ftw animah 
Majur iist 
Hllfltfl—B 
boflumw 
Minriif Llssf 
Enflurane 
VteltiLi&jr Ilurum. 1 
NiUm aside 
JJtcdiyE riher 

Croup if New ^nto 

Dcdkmm 

SfTOflnK 

finiup 3f AjJLllLS ul SlIbJlLM IL-.dl iiiIiicl^iE 
dilfDrfflfnriTi 
CyeJapIDpHfl 
nitnvw 
Triciil«wih>l«ic 


ambient HAitliHU Slicfa an ageiu WHlU hive a hrtv 
bluod solubility ID (Hkf rapid ehiirtgtb* ip * Historic 

■depth and permit rapid, com rolled noway from anes¬ 
thesia. The idCiAl agem would he very potent, thereby 
ul lowing aiw^lhc^in si Sou 1 Inspired concentration* ml 
maximizing flexihiliiy or jidjustmencs of inspired oxy¬ 
gen concentration. There would be not.ardwpulrm.nuiry 
depression; the agent would not be irritating to airways 
and would he compatihle with ctlecboUfluars and 
uilhvr viaxAn drug*. Finally, if would produce good 
skeletal muscle vclaxalsnn, resist degradation in Ihe 
body, andl be nnnlojtu; lo kidneys, liver, and giiL. 

Since the search tor the ideal agent CtifltiHJes* new 
anesthetic are found. A few yean ago desflUfWK and 
sevofLuranc were released in Ihe U.S a for general clini¬ 
cal use with human patients. Although ill this tito Ihc^c 
agenis have only very limited direci impaci on Ihe 
aneslhetie management of tuiimuls. a rtview ol' to 
dundfiriHki of these agcnis here h Important 

A third group is comprised of agenLs Lhnl UH 
enjoyed variable popularity fur veterinary applicatiuti 
(Table I Li). These agents are no limgrr broadly used 
in clinical circm instances m they wilt tiol he discussed 
beyond hrief mention of examples here. Daia of typical 
contemporary interest regarding (heir action in specie* 
of clinical importance tn veterinary medicine arc gen¬ 
erally Lacking, bul readers interested in further Infor¬ 
mal inn on agsms in this, group arc referred 10 early edi¬ 
tions of pharmacology l Booth and McDonald I9S3) 
and velerivuiry anesthesia tcilhouks (Soma I L >TIi Hall 
IflTls Lumh and Jonei l«3; Short l«Tju This ihird 
group ul anesthetics includes agents like chloroform 
and cyclop ro pane. These agent* have lung been dis- 

*;mk4 for general U*C tn human jfid veterinary mediual 
practice because they cause li-vxrr Failure (chloroformI 

or are oipkalw {cyclopropane). Diethyl ether, h (be =| 

other hand, wu widely used for clinical anesthetic 1 
management of human patients and a variety of ani¬ 
mals up lo about 2(3 years ago bul then was largely 
replaced by newer agents because til Is flammable 
(EtawaJf 1982). This dundehUk oegilH iis use in 
the envi ronment of the modem operating iOQOL which | 


Eirafflurane 

tEthrane) 


CI F F 



F F F 


Haloiharo 

(Fltxrthane) 


5r F 

«-cJs 

1 1 

Ct F 


Isofly ran e 
(Forana, Annane) 



Mflfthoacyflurane 
(Ranltrane, Melofane) 


a F H 



1 I 
a f 



Nitrous oxide 



Fit*. ] I ii! i ’he" mic j I ’jlrui.'iiifffc" ul' i nfei i i Lai h »i si bul ins in 

current for iinimals Tr+Hhe mmc'. iire juven ij| pBtdhWr 


ordinarily includes a variety -ul electrical surgical sup¬ 
port elcctnocauteryjife anesthetic delivery, and 

pMkvK nmiuruii and ventilating devices. However, ii 

is still used m HOC kbmkMy m millions iund its 

selected clinical dicumstaoces, especially oubtidc 

Nonh Amelia. Accordingly, [here is continued juitffh 
abuo Id pro 1 , ide a brief overview of ita ptunnaccrlon. 


PH VSMICHEM1CAL CHARACTERISTKSL The 

their physical properties are importanl delermlnants of 
their aclions aiHl safely of adimnislratiuri.. CobD 
L|iienlly. bfkfdiuuuln of AApfitfU (>f I : ig\. 1L2 ami 
113 and Tables ] ] _2 and 113 is appropriate because 
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Desflurane 

(Supr«re> ©53) 



Sevoflurane 
(U it aw! 



Hti. ] 1.$ —l''ltriiiKjjL sLrudure ill Iwo new inhalulum jirhfv 
[IkMtCs. Trade rhartHr iigii-eii Bill purentliifwi 


otg-anic radicals l R! jiiachod lo 4ti> don of oiygen: Lite 

general ftmeture is R-O-Ri¬ 
ta the continued icudi for a. kas nadivE. nm 

r - 

potent, nonflammable inhalaCicm anesthetic, Focus cm 
huhuggnaEHun (i.e.. addin™ ot fluorine, chltirine, nr 
bromine; iodine is Leaxl useful) of these compounds Uw 
predominated. Chlorine and bromine cspcciaEly eon- 
vert many cfl—pwinrii of low meufubc potency to 
mnic pi'Heni drugs. Historically, interest in fluviiuud 
derivatives vw delayed until l he I 94fls because of dif- 
ficuftn in synthesis. and thus quulftiH avafUbk for 
Mudy were limiied. Methods of synthesis, sdthcwgli dif- 
frcutL. have improved considerably and have facilitated 
discovery of new agents (Rg. I LI). Interestingly, 
organic DuotiUttd compounds are a group of extreme 
OOOUfeSli: Mime are Ionic, others are not; some arc 
txliaidjf inert, others arc highly rcaeiive. In sl»ivk 
anesthetics fluorine is substituted for chlorine or 
bromine to improve iUNtty but at ihc expense of 
reduced anesthetic potency and solubility. 


physiocteniicul characteristics determine udtor Inflo- 
on practical muMentiou such as bow the agents 

are supplied hy the manufaeiufer (e.g., as a gas or as a 
liquid), ihc stability oF flic anesthetic molecule to 
degradation by physical factors (c.p., heat, light I and by 
substances it contacts during use ie_g., metal, soda 
lime). The equipment necessary lo safely deliver the 
agent lo the patient {e.g.* vaporizer, breathing appara¬ 
tus) \% influenced by mne of these pa»ptm:ies as are the 
agent’s uptake by ihc patient and Jti distribution within 

and elimination i including potential for metabolic 
breakdown) from the patient. 

Chemical LltararlEiiEftics. All contemporary inhala¬ 
tion anesthetics arc organic compounds except nitrous 
oxide (N.O) (Table 11 I). Agent* of tumm interest are 
further donified u either aliphatic fix., might w 

branch chained I hydrocarbon^ or others f i x. , two 


TABLE II J P rop crtk i of two new Enhalitton 

anesthetics 


Pn>|)e Ely 

Dcrfhnv 

ScvdAhk 

Vbtku.iUir weight 

168* 

200" 

Liquid spec ific gravity u l 

ifC (|WL) 

L4P 

].52 ? 

Foiling potatfO 

Vup4tf |i ms sure (min Huh at 

23J* 

3? 

2®P € tfWT) 

664 

1W 

W € f75*f s J 

Millilibrrv of tanonftnHJ 

7W 

ost 

UW* tff nitljukll u£ wc 

209.7 

1i83r7 

Preservative 

None 

Nhk 

Sluhilriv in <lkLi lime 

Tm 

No 


■Joan 1990, 

m nl. »W4. 

Miller and Greene |99tt 
AVjIlin m al. 1975, 

'Eger 1993 


TABLE I1.1—Suaue phi siiK'liem kid properties of inJralulion ancstliL-tics in current clinical use 
for animals 


k'Yijprrhr 

Enflurath: 

Hnkrdune 

luflunH 

ML-[lbA)f1ur^ne 

Nitrous o^iik 

Molecular weight 

185 

197 

IlS.i 

165 

44 

liquid sp^Liifig gravity 

1 J"3 

|!.H4> 

1.49 

Ml 

— 

(XrOUhL) 

Boiling mm rcj 

.5? 

so 

49 

tuff 

-K9 

Vagx it pressure (nun Hgh 

ar c («* m 

172 

244 

2W) 

23 

— 

24^C(7S D F> 

207 


2SUS 

M 

— 

Milliliters uf vupur.bmlli- 

ms 

227 

194.7 

206.9 

— 

Liwrs of liquid fli STC 

Preseirjtive 

N imc 

Reuntircd 

None 

Rnuiicd 

Niinr 

SlaINtity id 

Soda lime 

Stable 

l>cflmpc»4cs 

SLjihle 

1 kewnpciMis 

Stable 

UY light 

Scahk 

IJeensnlfsiMis 

Stable 

Duoapom 

Stable 


Sou: Lisw-c and FmM I9BL 
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Halnthanc (Fig. i 1.2) in a halngcnalcd aliphatic sat¬ 
urated hydrocarbon (ethane). Predictions that h;j,k> 
gnatsd ^bwture would provide nunllammabihty and 
molecular stability encouraged the development of 

ha lolhanc an title curly 1050a- However, soon after c Ii 11 - 
ical introduction il was observed that the concurrent 
presence Of h&loth£lt£ and catecholamines increased 
ihc incidence Of life-ltlfeatening cardiac arrhythmias. 

especially in human patkflti An ether linkage in the 
molecule favors a reduced incidence of cmdiiac arrhyth¬ 
mias, Consequently, this chemical structure h a pre- 
dominani charaeteristk of all agents developed or pro¬ 
posed for clinical use since the introduction of 
haJnthanc (Figs. 11.2 and 11.3}. 

Despite many farvxvublc etuiracteri sties and improve- 
mentSi met earlier snesftetks, including i mpruved tfiem- 
icaJ stability, hakuhanc is, susceptible to decofflposiiiori- 
According ly s halodiBfic is stored in ilarfc hollies, and a 
very small amount of a preservative, thymol, is added to 
it m retard breakdown. Thymol is much less volatile chan 
halolhone and over time collects within the devices used 
to contra] delivery rtf the volatile anesthetic (i.e., vajjonLZ- 

era) and causes, them to malfunction, To achieve greater 
mi.Secular sEtafailky. fluorine; is substituted for chlorine of 
bromine in the anefllietic molecule, This chemical 
manipulator ad* shelf life to the substance and negates 
the need for additives such ja thymol, Unfimumuely. the 
fluorine ion is also toxic to some tissues (c.g„ kidneys}, 
which is of substantial concern if the parent compound 
(e.g., inedKixyflurme a entlurane. scvofluranc; Figs. 11.2. 

11 . 3 ) tv mt resisrtwit to metaboljun. 

Physical CharaderiMics. In simplest form the 
administration of inhalation anesthetics requires a car¬ 
rier gas tin! must Include oxygen, a source of anes¬ 
thetic, and a patient breathing dituiL For very small 
animals, (e.g,., laboratory rodenti) or small birds! this 
may mean nothing more than placing the animal in a 
closed aar-lllled chamber that contains a cotton pledge! 
saturated with liquid anesthetic £c.g. B mcihoxyflurane), 
With larger animals and/or LO provide more controlled 
delivery of anesthetic and O. It is more appropriate to 
use specialized equipment. Such equipment, though 
more complex, greatly improves the safety of the anes¬ 
thetic technique, It Includes wliat is commonly referred 
to as an ancsdictic machine, nnc nr more vaporizers, 
and a patient breathing circuit. The anesthetic machine 
with two vaporizers attached i* shown in schematic 
form in Fig, IIA Extensive reviews of anesthetic 
equipment are available! (Short I’M?; Dorseh and 
DorMih I0H4; Andrews 1990 Thlimton cL ill. IMG), 

The chain of events whereby ^inestlvetic is transferred 
under control from a container to sites of action in the 
central KfWIB system (CNS) involves many physical 
characteristics that can he quantitatively described 
(Tables 11.2-11.5). The practical clinical application* 
of these quantitative descriptions will he briefly 
reviewed here. More in-depth background information 
is available elsewhere (Lowe and Ernst 1981;. Kill 
Eger I WO; ButWrwurlh and Strichortz l WO), 


The physical characteristics of importance to this, 
review are divided into two general categories; those 
that determine the means by which Lhe agents are 
.administered and those that help determine their kinet¬ 
ics in the body. Thi* information is applied in the clin¬ 
ical manipulation of anesthetic induction and recovery 
and in facilitating changes in anesthetic levels in timely 
fashion. 


PROPERTIES DETERMINING METHODS OK 
ADMINISTRATION. A variety of physical proper¬ 
ties (ktenafatt lire means by w hich inhalation anesthet¬ 
ic* are administered These include ntuleculaj weight, 
bull i tig- point, liquid density (specific gravity *, and 

vapor pressure. 

(>a& versus Vdptf. InhuhitiLiii aitesLhetiCs are either 
gases or vapors. In relation to inhalation arwstitetics the 
term ‘"gus" refers lo an agent, like N..O (or cyclo¬ 
propane t, Hut exists in its gaseous form at mom tem¬ 
perature and! sea-level pressure*. The term “"vapor"' indi¬ 
cates the gaseous suite of a substance that at ambient 
temperature and pro ssyrv j ^ u liquid. "Wiith the exception 
of N\f>. all ihe contemporary and new Anesthetic k fall 
into this category. DesFlurane (Table 11.3), one of the 
new volatile liquids, comes close to Lhe transition stage 
and has some unique tiaiming the inhalation anesthet¬ 
ics i properties, to be discussed later in this- chapter. 

Regardless, whether iuhuhuiun agents are supplied m. 
a gas or volatile liquid under ambient conditions, the 
same physical principles apply to each agent when in 
lhe gaseous state. 

Method* of Rescript ltifl r Quantities of inhalation 
anesthetic agent are usually ctanctertaed by one of 
Lhree methods.: pressure (c.g., in mm Hg), concentration 
(in volumes or mass (in mg nr g). The form most 
failliliiir to clinicians is Chat of concentration (e.g.., XI 
of agent A in relation to she whole gas mixture!. Mod¬ 
em monitoring equipment samples inspired and expired 
gases and provides conccntrad ion raudings for inlBila- 
lion anesthetics, ftodsion vaporizers used to control 
ckliveiy of Mutation uneMheCiCv are calibraled in per¬ 
centage of ageiii, and effective doses are almost always 
reported in percentages. Pressure is also un impOrtilril 
way p! describing inhalation anevlhcEics and will he cHv 

cussed next. Finally, Lhe molecular weight and agent 
density are used in many calculations to convert from 
liquid 10 vapor volumes and mass iHill 1 WO), 

Vapor Premrc. The \uf*n nf an antithetic 

is a measure of its ability to evaporate; Le., il is a mea¬ 
sure of the tendency for molecules in lhe liquid sLaie to 
enter the gaseous (vapor) form. The vapor pressure oti'a 
volatile M Mlhd ic drug rust at Ic-jsi he sufficieim to 
provide enough molecules of anesthetic in the vapor 
staLc to produce anesthesia at ambient conditions. 
The mitwatt'd vapor pnr.wum represents a maximum 

concentration iri molecules in the vaptw stile (hat cm 
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TABLE I1,5—KiiMur or jatalic/ipK partition cwjrfllEirnts at room Icmptfitiirv 
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csisl fur ll given liquid al each temperature. The satu¬ 
rated vapor cpncenlrHftiein can be easily determined by 
relating the vapor pressure to the ambient pressure. 
Using tuiloLhane and associated information from Table 
11.2 as an exumple s we see that a maximal concentra¬ 
tion of 12% hfilutfianc is possible under usual OfKdt- 

iiig-rajm conditions: that is. 244/760 x 100 = 32%, 
where 244 mm llg is the vtpor pressure a! 20* C and 
7h0 min is the barometric pressure m sea level. 
Thill, other variables considered constant the greater 
the sapor pressure. She greater the concent ration of the 

drug delfteialbte so ihe patient. Therefore, ipin from 

Table 11.2, hakithane. For example, is more volatile 

than methoxyllurene under similar cmditkina, 


Ikiiling Point. The bulling, point of a liquid is defined 
■us I he temperature at which She vapor pressure df the 
liquid is equaJ to the atmosphere pressure. Customarily, 

the boiling temperature is stated for ihe standard pto- 
sure of 7 C 0 mm IIg, The boiling {Hint decreases wHh 
increasing altitude since the vapor pressure does not 

change hut the baromcLrie pressure decreases. 

The boiling point of N..O ls -IW : C liable I 1.2) at I 
atmosphere pressure, sea level. It is thus a gas under 
tipeniring-rami cmHihm. Because of this it is distrib¬ 


uted for clinical purposes in vice! tanks, compressed to 
the liquid stule at about 750 psi (pounds per square 
inch; 750 psl/14.9 p*i 11 uLmo-spherel = 50 atmos¬ 
pheres). As the N',0 gas is drawn from Ihe tank, liquid 
N ,0 is, vaporized, and the overriding gas pressure 
remain^ constant unlit no further liquid remains, in the 

tank.. At that point only N .O gas remains, and ihe gas 
pressure decreases From this point as remaining gas is 
vented from the tank. Consequently. lhe weight of the 
N.G plus lank rather than the gas pressure within the 
tank Is a mure accurate guide to ihe remaining concents 
of Ihe tank (Haskins and Sansnme I979 jl 

Desflilriine, Ihe newest clinically available volatile 

anesthetic, pose* an inrtemting problem since its boil¬ 
ing point (Table 11.1) is near room temperature. This 


chonaenstic accounted for an interesting engineering 
dlullcuge in developing an. administration device (Lex, 
vaporize) for rowine use in the relatively constant 

environment nf the operating room and limits its use to 
a narrow range of circumstances comiminly encoun¬ 
tered in veterinary medical applicatiims, For example, 
because of its low boiling point. even evaporative coul- 



Qfl ihe ViipiMr embtrenlriLlion of gas mixtures delivered to 
the patient. 


of the speed of anesthetic induction and recovery. Sol- 
utility in lipids bea. rs a strong relationship EO aiKl- 
Ibelic potency, and the tendency to dissolve in anes- 
thelic delivery COnvponcnls such as rubber influences 
equipment selection and other aspects of anesthetic 


management. 

The extent to which a gas will dissolve in a given 
softest is Usually expressed ill terms of iLs solubility 

cotfitekM (Tahlte I MX With tnhaJrticin anesthetic* 

solubility is most commonly expressed as a pamcicm 
coefficient. (PCX Other expressions of solubility 

indude the 1 Bunson and Oswald solubility eodTtrieofi 
(Hill 1480 ; Eger 1474 ). 

The PC I* the concentration ratio of an anesthetic in 


swn solvent phiLscs, for example, blood and gas. It thus 
describes the affinity or capacity of an anesthetic lor 
one solvent phase relalave to another, that Ls r how Lhe 
anesthetic will fuartElNM iLsell belweers two phases alter 
equilibnum has been reached Anesthetic gas move¬ 
ment occurs because of a partial pressure difference in 
the two phases so ihai when there k no longer any 

anesthetic partial pressure difference hciwcLii ik two 
phases, there is nn longer any ncl movement qf anes¬ 
thetic in either phase direction, and equilibrium has 
been achieved. SolvenE/gas PCs are summarized in 
Table 11.4. Values noted in this cable are for human tis¬ 
sues since Lhey are the nnost widely valued and thus the 
data are available an Lhe anesthesia literature. Rub¬ 
ber,'gas and plasiic/gas PCs are given in Table 11,5, It, 
is ijupoitant to emphasize that many factors besides 
species can alter anesthetic agent solubility (Eger 1974: 
MlpklOti et -id. 1972; Eger and Eger I9S5; Lcrman et 
ill. I486), Perhep* moM notable after the nature of the 
solvent i* chat of temperature. 

Of all due K’s that have been described nr are of pos¬ 
sible interest,, two are of particular importance in the 
practical understanding of anesthetic management. 
They are the hluod/gas and the CiU%iis solubilities. 


Bhwtl/Gu Pant lion Codllrhnl. The Mood/ga* solu¬ 
bility (Table 11.4) is a measure of the speed of anes¬ 
thetic induction. recovery* and change of anesthetic 
levels, For example, Other factors considered corislant. 
tfie lower the Mood/gu PC. the more rapid the anes¬ 
thetic induction lw race of change of anesthetic level in 
response to a stepwise change in anesthetic del [very. 
Further ififumruikn regarding the influence of anes¬ 
thetic hhuKj solubility on practical aspects of anesthetic 
management as presented in the section on ptwrnaco- 
kioetks. 


PROPERTIES INKSI ENCING DRUG KINET¬ 
ICS: SOLUBILITY Anesthetic gmc* and vapors 
dissolve in liquids and solids. The solubility of an 
anesthetic is u major chanieterkLic of the agent and 
has. important clinical ramifications, For example, 
anesthetic solubility in blood and body tissues is a pri¬ 
mary factor in the rate of uptake and disiribuiiori 
within the body. Jt is therefore a pmnary determinant 


OHVGu Parikllon Cwflicirni. The oil/gas PC is 

another sc»lubil Liy characteristic of clinical imptirlance 
CHbik 11,4). This pc describes iJhr ritk* of concenlra- 
tion of an ene*4h?fjc in oil (in this- otae olfte oil is the 
generally agreed upon standard) and gas phases ac 
equilibrium. The oil/gas PC coneLalcs directly with 
&M34h£UC porency (see scetjun in this chapter titled 

Anesthetic Dore: Hie Minimum AIvhIu Concemra- 

tion) and describes the capacity of lipids for anesthetic. 
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Other Pvtilktt Coefficients, Solid] dirty characteris¬ 
tics for liMtoes (Table E 1.4> and other media Like rubber 
and plastic (compofieiifls of anesthetic delivery equip- 
meni; Table 11,5) are also important. For example, tis¬ 
sue solubility determines in part the quantity of anes¬ 
thetic removed from ihe blood \a which il is exposed. 
The higher ihe tissue solubility, the longer it will take 
to saturate the Lissue w ish anesthetic agent. Thus, Giber 
things considered equal, agents very soluble in tissues, 
u ill require a longer period for induction and recovery. 
If ihe rubber goods are of substantial amount in (he 
apparatus used to deliver Ihe anesthetic to the patient 
ami anesthetic agent solubility in rubber is large, ihe 

amount of uptake of anesthetic agent by the rubber may 

be of clinical significance. 



P 



PHARMACOKINETICS: UPTAKE AND ELIMI¬ 
NATION OF INHALATION ANESTHETICS. The 
aim in administering an inhalation anesthetic to a 
paiieni is In achieve an adequate parliaJ pressure, or 
tension, of aiM^lhdic (jP^j in the brain to cause a 
desired level of anesthesia. Anesthetic depth varies 
directly with P mm ^ in brain tissue. The raic of change of 
anesthetic depth is of obvious clinical importance and 
is directly dependent upon the rate of change in anes¬ 
thetic tensions in Ihe various media in which il is con¬ 


tained before reaching Ihe brain. This section is i ll not 
provide on extensive review of these principles, If more 
information is deftif&d. readers are directed to reviews 

by Hgcr (1974. 1990), BuMmmid) and Slrichurtz 
(l«0X Maple™ 0989). and Stefffey (1994. I99E, 
1995), 

Movement of molecules of in halation dnusEhcEifs, 
like O, and C0 2 , occurs down partial pressure gradients 
(Fig, I 1.5)r Gases move from regions of higher tension 
to those of lower tension until equilibrium (i.c., equal 
pressure icl the two media) is established. Thus, during 
anesthetic induction, the FV K al its source. say in the 
vaporiser is high (which, in turn as wo recall, is die* 
luted hy the vapor pressure) and is progressively less as 
anesthetic travels from vaporizer to patient breathing 
Circuit. from circuit to lungs, from lungs to arterial 
blood, and, finally, from urierial blood to body tissues 
(e.g., brain; Fig. J !„5). Of these, the alveola# partial 

f anesthetic it wrmt eruciul to wr fuflher 
Thc reasoning for this is as follows. The 

brain is very rich in blood supply, and the anesthetic in 
arterial Wood (F And) fttptdly equilibrates with brim 

(F tal Aries), Usually ga^ exchange at the at-veul-ur level 

is sufficiently cfiieiem when the P Anes is close to 
F^Anes. ITius, the F. Anes closely follows F^Anes, 
and controlling the F.Anes is u reliable indirect way for 
control ling P Ages and anesthetic depth. 

At this point it may also he helpful to recall that 
although the partial pressure of anesthetic is of primary 
importance, we frequently define dftnical dose of an 
inhaled anesthetic in ten ns of concentration (C: i.e., 
volumes %). Aft previously noted, this us because it is 
oommon practice for the clinician to regulate flodtor 


pressure o 
understanding. 


FIG. 11.5 The flow ppHcm rtf inhaled ancrtfalic agents 

during LiiiL-.ill'.- il. induLiHMi and recmiy, Intalarfksn uccthc- 
sia riLiy be viewed us the development of a scries of partial 
pressure (tension) gradients. During induction there is a high 

oiKxiAietftc tension in ihe vaporiser that decreases progres¬ 
sively as the flow of ancsthctk- ga* rtnovw from its source m 
the brain. Some 1 of dwe gradients are caaily inanijRilated. hy 
the oneslh-ctist: others are nut ot an- ikmc «* with di llkutiy 
(Fmn Steffey L994- fc with permlsakHa oi l3il- puMiiburs.) 


— 


measure respiratory and anesthetic gas es in volumes %, 
In addition, in line gaseous phase Ihe relationship 
between the and ihe is a simple one: 

P mvr = factional anesthetic ctwicemrutkin 

X Cl rial ambient prt»Ult 

The fractional anesthetic concentration is of course 
CJI00. However, us we reviewed in the section 
above, in ihe blood or tissue phases, for example, the 
SCtUll quantity of anesthetic vapor contained in this 
solvent phase depends OO both the F... and the anes¬ 
thetic solubility [or PC) in the solvem phatt. Const* 
quently, at equilibrium, ihe partial pressure in ill 
phases will be equal, tout the concentration wLEIl vary. 

The P A of anesthetic is a balance between anesthetic 
input (i.e., delivery to the alveoli) and km (uptake by 

ig. 11.5). A 

rapid rise in of anesthetic is aiwided wiih a rapid 
anesthetic induction or change i n anesthetic: deplh. Fac¬ 
tors that contribute to a rapid change in P 1 of anesthetic- 

are summarized in Fig. IL6. 

Ddhtn 1 to the Alveoli, Delivery of anesthetic to die 
alveoli and therefore Ihe rate of rise of the alveolar con- 
oetitratlon or fraction (F A ) toward the inspired c oncers- 
trail on or fraction (F,) depend on ihe inspired sues- 
theLLc concentralion itself and ihe magnitude of 
alvcolai ventilation. Increasing either one of Iheve or 
btidt increases lhe rale of rise of Lhe P A of anesthetic; 
that is. other things considered equal, there is an 
increase in speed of anesthetic induction lkt change in 
anesthetic level. 


blond and body issues) from the lungs (P 
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A fencraasad, alvaolar delivery ct aiveschfel.c 

1„ Increased inspired ane-steelic concentr-alion 

m. tecrtMtd vtewjHtwn of agent 

h. increased vtponwr dial siting 

0 Increasud arrarthotic laden fresh gas inflow lo the patent breathing 
croM 

4 Decreased gas vduipa of parent breathing mxBt 

a. veponur pmmmti in @» patent rafrutttng circuit 

2. Increased alveolar ventilation 

i. Increased rmnjic ventilation 

br Deereas^d wriMalion ef nnpjnAory tytten om 4 $#soi 

6 Decreased removal of aneslhetic from the alveoli 

1, baamed blood wlubilily of *m*tbdic 

2 D*t»Wd cardiac output 

Desvasad alveolar -vanous anultwUe £■ adianc 

Pl<j. I i.6—Factor* rel-aled to ii mpid dinp in -Alveolar mtak tnuin (Lockhart cfl a]. 1991s; modified Iran StofEcj 
I^HJ. 


Inspired Concentration. The inspired ronwiHra- 

ijoih has si, number of variables cootrolUog it. First cf 

all, ihe upper Limn nf inspired WKOVtnlHfl i* diemicd 
by the apcnc vapor pressure, which, in turn is. dependent 
on temperature. This may be especially Impcntant mn- 

*ithTing the breadth of wteriuy medical ippbaikn 
of 'inhaled aoesibna and metiiodfl of vaporizing 

VO Me iiivcslhctieh under widely: diverse conditHAS ■ 
(tg. 4 some cnvimfimeiitiil conditions are quite hostile). 

CfuiriictLTislics of the patient breathing system in use 
can also he a major tailor in generating a suitable 
inspired cnacea (ratio* under usual ciperjimg-ructmi 1 

conditions ChincieriBtici of special importance J 
include die volume of the syglen,. cho amount of rubber 
or plastic in the system, the petition of ihe vaporizer ' 
relative td the breaLhing circuit ti.e., within or ouLside 1 
the armiLL and the I'resh gus inflow lo the patient | 


Hrcul hing. circuit 

The hI ability of especially some anesthetic* (e.^, 
DHthuyfltniw; Table 11.5) i n rubber and plastic will 

also delay development of an appropriate inspired 
anesthetic concentration. The loss of anesthetic to these 
equipment "‘sinks" serves to increase the apparent vol- 

nme of the aDHlhetic circuitry umJ may, in sume eases, 
be clinically important (e.j. v use of rubber hoses and u 
large rubber xehrcathing bag on circuit* designed for 
anesthetic management of bona). 


Alveolar Ventilation., ah increase in alveolar 

veni i Ihimi ukrucs the rate nf delivery of Inlulukn 

■■ 

anesthetic to the alveoli. If unopposed, dwollT vgpti- 
latiufi would rapidly increase the alveolar concentra¬ 
tion of anesthetic ao that wjihin minutes Lhe alveolar 
comcntiation would equsl the inspired coocntnidna. 
However, in reality the inptLl created by aJvwtur venti® 
laEiun is countered by absorption of anesthetic ante ( 
UutL Predictably, hypavutihlUM reduces Ihe rate at I 
Which Lite Lilvmliir concenlniLion increuso over time i 
compared ti0 the inspired COKCtrintiriH^ that is. anes- r 
thetic induction is slowed. Alveolar ventilation is | 


altered by changes in anesLhcLic depth (idCftAttd depth 
usually means decreased VUtilllkm), Hlftrhwtttl Vtft- 
lilatiLKih (usually iiterCiiM-'d venEaliaii^ri),, w lTiliIi^cs in 

dead-space ventilated (ijt. for constant minute venti¬ 
lation. a decrease in dead-space ventrlatina results in an 
increase in aheular ventilated). 


Removal twm the Alveoli: Uptake hy Blond- As 

noted hy F.ger t, I Wtl| anesthetic uptake is the posducc 
nf three fart on: scsluhdliry <5; she blnnd/guv soluhillty, 
Tabic U,4), cardiac csutpul (COX itnul the difference in 
Lhe anesthellc partial: pressure between the nlvedi iind 
venims blood returning Up the lungs {/\ — f\: expressed 
m mm Hg): Lhal is, 

Uptake = S GO \U\ - PJtFJl, 

where = bwHiKtric pnuure in mm Hg. Note that 
If any of these three factcirs equals zero, ihcie is no j'ur- 
Lher upluke of anesthetic by blood. 


hi ll.1. U IJ JTY, The NLdil hltil V of ail LnhaJul ii m Jiiuc^llbcsic 
In hh'Khl and tissues is cbuicterired bv- its pad ii ion 

wdlKjfflt (PC; DUe I MX 

Compared to an anesLhcLie apent w ith high hhtod 
soJubltity (PCX m ags-nt with low blood solubility 
should he tssodiied with a mure rapid equilibration 
between tissue pbu» beoUM a large amount of the 
highly sn-ltihle anesthetic must he duolitd In the 
blood before- equilibrium Is reached with the gas phase. 
In the case of Lhe agent with a high bhnod/gus PC, the 
bhiod acts like a huge “‘sink’" into which Lhe anesthetic 
is punruiL, uulL aKcidhitly hii h.kJ ii ^fducumr to give 
up agent to other tjHKf (like the brain), For pur|>nses 
of the pme n l discussion, the blood only serves as a 
eonduiL fur drug delivery lo brain and as such can be 
listialiA'd as a large Of small jihuniucologlially inac¬ 
tive reservoir that is interposed between the lungs ajnl 
the agent's sit© of desired pharnucok}gictJ activfty 
(Lfl,, brain k Therefore, an onecthetic tgeflt with a low 
bluod/gas It Is usually more desirable than a soluble 
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HG. 1L7— 1 The rise §n tlk- jIv 0 qIh{F.) uutffuik: omh^ 

IrulUm Inward Elie an^red (H j LtmcunLraLmn. NuLc the Hki: is 
must rapid wiUh Lhi! feeasl Mdubk aneslhicl.il", N,(J, and sk-n*-» 
lttJ -wiLIi Gu: nKhsL soluble anc.sIftcCiL, iftuUimy llurunu. All 
dalu arc fruni sludiira h:>I humans. Thf 0UTVMA ail* redrawn 

Arm Jzgcr 19M*, 1992. 


agcnl, because ie is asvociated with 0) 3 more rapid 
aflcKtlwia- taductijoa Cj-e,, mure rapid rata of rise in 
alveolar concentration during induction: Fig. 11.7): *2) 
more precise control of Mftihrtit depth fi.e.. alveolar 
amccntraLion during the aaestfactk maintenance phase 
of anesthesia); and (J) a mure rapid chnmiidiun of 
■iMlhrtlc and recovery from anesthesia (i.e.,,. a rapid 
decrease in alvcokr conotntiod during the aneMtnrtie 
recovery phase}. 

CaRDIAC OinWT. 'I“be amimnt of blood flowing 
thnnigh the lungs and OH hi Indy tissues (cmUlC inU- 

put. or CO) aho iikflDeiHH uflthdic uptake bon the 
lungs.. TIk- grader the CO. the non Miwd pacing 

ihifi^iigh the lungs carrying away anesthetic- Mam the 
alveoli. Thus, a large OCX like increased anesthetic 
agent blood solubility, delays, the alveolar rise of F , 
PiiticnL adteOHi is an eunpk in which a relatively 
large CO is anticipated. Conversely, a reduced CO 

should he anticipated with a patient in duck. Such a 
silunJicm is- uisociated with a relative increase in Che 
rule of ri«w of tl* t\ of anesthetic and makes anesthetic 
induction more risky. 

T 

Alvei jl ah tcj Venous Anesthetic Partial Pres- 

SUU DuhjcENCL The magnitude of dinference in 
anesthetic partial pressure between the ahvoU juk I 
venous Wood ii related to the amount off upiidre of 
anesthetic agent hy tom. Not surprisingly, the- largest 
gradient OCCUR during induction. Once the tissues no 
longer absorb anesthetic ri.e., equilibrium between the 
two phases is reached L there is no longer any uptake off 


anesthetk" agent from The lungs fi.e., the venous blt>od 
returning to the lungs contains as much agent as when 
it left the lungs). The changes in gradicnl in between 
ihese extremes result fnm the relative distribution of 
CO. In this regard it is Lmponani ci> reeogni/e thal 
roughly 70-8Mfc of the 00 is normally directed to only 
a small volume of body tissues in a lean individual 
(W-ebb 1985; Sbddcm et’aJ. 1979). 'Hiat is, tissues such 

as brain, bean, hepamportal syUem, am.1 kidneys Kpft 

sent only atm! HK of the hotly mass hut normally 
receive about 75% of the total blood flow each minute. 
As a result ihese highly perhued (issues. equilibrate 
with arterial anesthetic tension fairly rapidly (actual 
timing is influenced by agent solubility). Since Lhc 
venous anesthetic tension equals that in the 1 issue 
within 10-15 minutes, about 75% of the blood return¬ 
ing to the lungs is the same as the alveolar tension. Thk 
presumes there bus been no change in the mean time in 
arterial Lnluufl. Thus uptake is reduced. Skin and mus¬ 
cle GOTOpOK (he major bulk of the body labciut 5(*% ill 

humans} hgi at rest receive only dmil 15- 2*1% nf ihe 
CO, sc] Htanto of this iissue group takes up to a fcw 

hours eg- accomplish. Fal is a variable component of 
body bulk and receives only a small proportion ol 

blrt-Hj flow. Consequent]?' mftrtic Httintim off ihi* 

liuuegmup is hot slow, npotiilly given iliui all ua- 
theticc are considerably more voluble jin fat than in 
other tissue groups tTable 11.4|. 

Other factors can further influence [he magnitude of 
the olveolar-to-artenal anesthetic parti-id pressure gnidi 81 

rat Tlsvy include dbaomulHee of lung yeatibtimt 

perfusion fF.gtu and Sevcringhaus 1%4), loss of anes¬ 
thetic via the skin (Stocking et ak Fjnmikfci ct 
aL |WI; Lockhart et aL }Wlb) and inco closed gas 

spaces (Efff 1974, 1990, !985bk and metaholism 
(Eger I'974, I9 Wj. 

Anefthetk Imim Recovers from inhalatuin anes- 

c W m 

chesia results from the elimination of anesthetic from 
the brain. This requires a decrease in alveolar oneslheEic 
partial prc*£urc (cuncenEraCion). which m turn fosLers a 
decrease m arterial and ihen bnun anesthetic partial 
pressure (Fig. 11.5). Prominent Iktm ftCtouatilj for 
recovery are the came as those for anesthetic induction. 
Therefore, factors such as olvefdar vcntilaison. CO. and 
especially agent wjlubihly play prymiiBenl roles m 
rectwery from iidialaLkm aneschesia, lldeed, the griiphic 
curves repreveniijig the wash oui of anesthetic from Lhc 
ihvdS versus time (Fig. 11 .H) ore essentially inverse of 
the wash-m CUTWI seen earlier iFi^_ 11.7). Thar is. [he 
wash out of the less soluble anesthetics is ht^h ol first, 
ihcn rapidly declines to a lower output level thal contin¬ 
ues to decrease but at a slower rale. 

The output with Lhe more soluble agent is also high 
at tirvL. but Che magnitude off decvwe in alveolar anes¬ 
thetic coocentrabofl is k» Utd only more gradually 
tkereases with lime tFip. 11 .K). Thus recovery frLHn Lhc 
lwo newest agents, dcstlurone and woHuranie. is Javier 
ihan with iscrlluronc and even m^ie so than (he i»hU;r 
agents (Eger mid Muuon 1967; Frink ei ul r 1992). 
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MINUTES OF ELWENATJON 


HO. I LB—Tile fill I in alw-nlai (F^) Li.iiWL-nlijriiiii re JuliVt in I lx - uLuliI^i L^KlL'uuLruLiun at ihu cixiinl ineMthesjui !h' y| J. Nute 
Dial the iLevesL. nfHJ&C insulubk ra fertile aiie-atehi:. dcsllurana is elirniruifled in humans tivhu ivpoilly than I he i. liter eu*i tempu¬ 
ra ry jXitt ill urieslhtiCiLi. Nnl sliuvt II bi mlurmilirm fair iixTlmsy llunine —if present. Ite mVc fair ni*rlhi»xyfliLTuiK wnuld appear 

nbiive llml ftw hn fart bane, (Emm Eg& F*?pnnl*.x! with pciTlliMCB.} 


A Ikur that is important in the rate of recover)' hui 
m.M during lhe induction period] is the duration ol anes¬ 
thesia. Because there is a greater reserve m the body of 
a highly soluble agent like nwihoxyflllfMe after a pro- 


kmgctl adnuni&tnitiaiL, its. alveolar £once miration will 

be sJaw lo fall in comparison to a less soluble agent like 
ifioAmuE, 

Ocher factors that are important lo varying hui 
smaller degrees to inhalation anesthetic elimination 
from the body include poimtaneuus loss (Siueiting and 
Eger 1969; Lockhart ci at. 1.991 h; Fassoulaki et al, 
19®J I: Cullen and Eger 1972) and iiucrtis&uie diffusion 
of agents (Carpenter el al. 1987.. 1986a). Metabolism 
may also play a small role with some inhalation anes¬ 
thetic agents (e.g„ inethoxy Jluranc and perhaps even 
halothane; Baden and Rice IW; Carpenter el al. 

I9*fth, 1987; Cahalan et al. 1981K especially in cases 

of clinically unusual, prolonged anesthesia. No appre¬ 
ciable effect nn recovery by meiaholis-mi is expected for 
LsofUinuic, draflinac and sevoflurane.. 


(ABLE 1 1j6— ■Bitfl-rH.nsftjrmiiliun of iiihiiluliini 

anesthetics in bumiK 


AnuslfitiHic 

Alk-MheliL 

memnd a- 

merlatMililwh (4) 

Reference 

S-fi.'Dius.yllurunL 1 

,^13 

MuWwr cl id. 1970 

Haliithunr 

20-25 

Clucwn et aI . 1 y70, 

RehKlbr rt aE. |»? 

Sevnflurarne 

3 

Eger 1994 

hntluiane 

2.4 

Chase el al, 1971 

LiinfurmniC 

0,17 

HoMh cl nl. 1075 

DesSlurane 

am 

Eger 1994 

NiIixhj*, ns id? 

0.004 

Hang cl al. I980t 


For further information on the biotran.vlurmaLion of 
iitlliiUiliuri anesthetic^ and for details regarding indtv id- 
ual anesthetic agents,. see reviews by linden and Rice 
( 1994) and Mazze and Fujiupi (1989). 


Riotransfnrniation, Inhalation] amsthetics are not 
chemically inert (Van Dyfce el al- I96d.ll They undergo 
varying degrees ofmiSBtodivnni iTable I 1 .6). primarily in 
Itle Inver but also to lesser dqgmfi in the Jung, kidney, 

and intestinal tract (Slier «i al. l%4; Relider et al. 196?; 
Holiday ct at. L97B- Baden ge it. M«2» et al. 
1989). The importance of this Is twofold. First, in a wry 1 
limited way with older anestheLics. meUibolism may 
facilitate anesthetic recovers* (ssupra vide). Second und 
more impmtant is She potential for acute and chronic 
toxicides hy miemiedsury or ml metabolite* of inhala¬ 
tion agent* on, especial ly. kidneys, liver, and reproduc¬ 
tive organs I Baden and Rice 1994; Ma/zc and F^jinuga 
1989). 


Anesthetic Dow: The Minimum Alveolar t'onrcn- 
Iniliun, In 1963 Merkel and Eger deseribed what has 

become she standard index ol anesthetic potency for 
inhalation anesthetic*: MAC (Merkel and Eger II963). 
MAC; is the mm i mum alveolar concemraiion of an 
anesthetic that prevents gross purposeful movement in 
50# ff subject* eipraed to a wfffiUYUixi mal noxious 

stimulus. Thus, MAC correspond* m the effective 
dose-50, or ED^; half of the subjects lire aiKAtfoeLized 
and hall arc noL. The dose that corresponds in the EP. 
(95% of (he individuals are anesthetized,!, at least in 
humans, is 20-411% greater than MAC {De Jong and 
Egef 1975); and 2.0 tiAKS the MAC (Le., 2 MAC) rep¬ 
resents a deep level ol anesthesia*. in sOfYk; crises even 
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TABLE 1LT- 

-TitL- minimtLcn ittvEolur «inc<entr^ti[in 4 M ^(.'J -or i 11 h=i Lif ion slci^i rli^ricts 


AdukLIil^k: 

Bird 

Cal 

Dog 

Horse 

illMII.il: 

MedKnyfknnc 


0.23 

OL20 

OJ0 

0.16 

ildlulhanL 

1 m (doefc) 

1.04 

il»7 

0.8S 

0.7-1 

tioflurrine 

9 JO Cduclc i 

1,63 

1; JO 

1.3Q 

us 

bniluraibc 

« 

2.37 

2M 

LIZ 

]jH 

ficvcifliunine 

— 

2.58 

2J6 

2JII 

105 

IJ*c *• il li r ar>r 


9.7^ 

7 JO 


7JJ 

Nitn^is ciiide 

2301'pigeorti 

255 

222 
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jin aiKTiihctic wndw. MAC values for mtonponuy 

inhuiLiLlion MKMhetks for a variety nf animals com- 

inonly encountered mdiiiicul veterinary nedfctae md 
humus ait summarized in Table 11.7, 

The aesthetic potaocy of an inhaled anesthetic is 
inversely relaied its MAC (jjfi.. potency = I/M AC). Eram 

iftforinaiBLin presented ahiwis it slIhs foQowi iIlhe MAC is 
inversely related to Hie oil/jga* PC\ TbllS, a very potent 
aneslhetic {e.g.„ methoxyfluranel Rum a low MAC value 
and a high ml/gos PL"; an agent of low anesthetic potency 

(e.f^ KjO) Iuin a high MAC and a low oilfeu PC 
A number qf characteristic* of M AC deserve empha¬ 
sis (Eger I974)u MAC is defined in terms of a percent¬ 
age of I atmosphere and therefore represents an anes¬ 
thetic partial pressure at the ajicslhctic she of action 
fit* remember P = C/lQO * P, _ where F stands for 

J ■ mt ■ 

Ihc partial pressure of the anesthetic in the ga* mixture. 
C is the anesthetic concentration m volumes % t pqd F 

T i tF 

is the bmoKlfk; or Idtll pressure of the gas mixture ?< 
Thus, although the eimeefiiraikin ai MAC fesf a jiiveu 
agent may vary depending, cm ambient pressure condi¬ 
tions (c.g.. sea-level vs. high-altiLade locations), the 
anesthetic partial pressure at MAC" would be the same. 
Second, ilk' A in MAC represents rtlvwliir concen- 

traliml. ikiE the inspired lit Utzlivirred (as, e.g., Inmi a 

vapKNizcr I 1 concentration. TTiih i-s important because as 
we reviewed above, aJ'Ler sufficient tame for equilibra¬ 
tion (Lfc. minuter). alveolar partial pressure represents 
aneri^l and brain mestbetic pii*tiiL| pressures In ftddti 
tion, the aJveolar concentration is easily mnnhored 
with contemporary technology. 

Finally. MAC h normally determined in healthy ani¬ 
mals under controlled laboratory conditions in the 
dfclfjMCf Other drug* and Other dKUDUtUHet common 

to dined me Hut may notify te req uk wMtt for 

anesthesia Many 1 actors can influence MAC’ toncsihetic 
requirement): some increase and some decrease MAC. 

(See review* by Eger [1997J ;uM Quash* et al (L90DJF 


PHARMACODYNAMICS: ACTIONS .AND 10X1- 
Cm OF THE INHALATION ANESTHETICS. 

Inhalation anesthetic agents influence vital organ func¬ 
tion. Some actions are metaled with iIk use of all 

agenrt* while ocher action* am a spccia] or prominent fea¬ 
ture of one or a number of the agents. The difference* in 
ueltiwi*-, and m purtKUlar uikfc*iffiblc aclionis. uf BpccMk 


aikNthetie agents are major coutdefltiou when Hdect- 
ing one agent over another for clinical use. Undeniable 
actions also provide important impetus for development 
of new agenLs arid/or anesthetic techniques. 

The following review of Che actions andl toxicity of 
inhaled anesthetic* draws from res-ulLs of studies of 
many different Specie!, including humans (in some 
eases humans are ihe most euntplgidy studied species). 
Species- or agenl-speeifu; reviews include those by 
Eger tiyS5a.b! mi), Haskins ami Klide MU<Kl, Aftd 

Staffcy 099L im 1 9951 
It fa important to stress that many variables com¬ 
monly accompany nestbetk management of animals 
in both clinical and laboratory citings, nvariables 
influence drug pharmaeixiy namies and may cause indi* 
viduals to respond differently from test subject* that 
were sludied under standardized conditions. Examples 
of such confounding variables include specie*, duration 
of anesthesia, noxious (surgical j stimulation, mechani¬ 
cal ventilation, cL^xisting dime, cdkwihi mvdk _ .ii- 

Lions, and extremes of age. 

(intrul Nervous SjHnL Inhalation anesthetics pro¬ 
duce a reversible generalized CMS depression fur which 

1i»u degruu of depression Is Lilian dcvcritwd as (klpth id 

aneslhcsia. The mechanism of action of inhalation anes¬ 
thetics is still poorly understood. (See Chap. 9.) 

Several anesthetic agenLs in contemporary use have 
epikptojcoic potential EaDunu i-s nunf promi nent in 
ibis regard among the potent inhalation a pat h etic*. 

The fragile relationship hetween cerebral W*>od flow; 
inLracranial pressure, and cerebral mciaholic rate for 
oxygen is sura especially imporlani consideration in 
M.ime typCI of patients. For example, an Increase in 

itiLr.wTiJiniul pressure can reduce cerebral perfusion 

pressure to Ihe exleni that cerebral bUfexJ fluw j\ 
reduced. Thi-s situation may in lure result in a reduction 
of oxygen delivery bekiw that of metabolic oxygen 
demands reLjulred for brain vitality, 

inhalation anesthetics are potent vasodilator and 
tend Lu Increase cerebral blood flow. AnesLhetic- 
induc-ed cerebral vasodilation and associated increase* 
in cerebral blood flow increase intracranial pressure 
usually to JI Lriviiil extent in rnirmal individuals but per¬ 
haps in a life-threatening extent In iftitpeius with preex® 
isling reduced intracranial eonupliance (e.g., tumor b 
hemorrhage 1. In such cues isotlurane with hyperventi- 


CoDvriohted materia 
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luLion (chugs in arterial titrbwn (boride lenriovt 
jPjOOj, nesiuh in M m qwrB m directional changes in 
cerebral blood flu 1 *; DnuMiwd ajtd Shapiro 19941 is 
preferred nw a aimihtr anesthetic management plan 
incorporating halnthanc. 

Rcspinlor> System, All contemporary inhalation 

anesthetics depress alveolar ventilation. As a etui se¬ 
quence, the FjOO, is iiKitased in direct nhtifld to 
anesthetic dose (MAC multiple; Fig. 11 . 9 ). The magni¬ 
tude off I^OOj i* a! so species related [Fig. ill JO), In 
addition, the normal stimulation to ventilation caused 
by an increased F CO, and/or a low arterial oxygen 
tension (PO,) is reduced fPlivlbi and 5 u 1994 ; Knill 
and Oclh ftrfii % 

UrtMudio^ptsiin is, associated with Home diseases and 
other patient conditions and contributes. lo increased 
airway resistance. Among the volatile anesthetics, 
haflothune appears to he the most effective bruficfoodila- 

t»r (Clkih aod Kampiw 1975; Kiide and Avhdo 1967), 
Volatile inhalation anesthetics may affect reflex 

hypoxic pulmonary vasoconstriction and thereby con¬ 
tribute lo a maldistribution of ventilation lo perfusion 

;liilI ail increase itt the ;tlV^ciliir'lu ;irtL-n^ parted pres¬ 
sure of oxygen and decrease: in jPO, (P&vlin and Su 

1994; Marshall et iL 1984). 

Cardiovascular System* All of the volatile inhalation 
aneslhetks cause dose-dependent and drug-specific 
chEUig.es in cardm-va^cular performance. The mecha¬ 
nisms of -cardiovascular effects are diverse bust often 
include direct myocardial depression by the inhaled 
anesthetic and a directly or indirectly induced decrease 
in sympathoadrenal activity, 


All u-f the volatih- HfuWtia decrease cardiac out¬ 
put. usually via u decrease in myocardial contrectflky 
(Page! el al J991a. 1993; Eger 1985a; WarUicr and 
P*jp-J 1992: Bohan el il. 1992: Ihsele 1985) and. in 
turn, stroke volume- The magnitude of change is dove 
related and dcpcndenl on agent iRgcr 1985a.; Sleffey 
and Howland 1978b. I9HH: Klide 1976; StelTey m aJ. 



MAC 

FtG. I119—A unary of the cfleci.s (^ntfapon^ 
volaiile artChlbctivb- on P CO., in [uuiiari*. eIbc tpochi fur 

whidi Jala arc uhist Litniftlclc. JElaLa Jnim i .-ockharl ct 3.1. 
1WI ll; Munson eE al. I9frfi; I arson ut al IPtfJ-, TJni unJ 
llccii NHT; {'alwirlry el rJ. 1978 k Fnuradr el ill. 1971.1 


100 j 



1.0 U 2-0 

haiothane mac multiple 


FIG. 11.10—The PG&Jincjiri&II SF; mm Hg) in spontaneously breiitimg. hcalifiy dug*. hm*. human*. ai*J nualuyi dur¬ 
ing haloIhuw-oxygHi a rw Siberia The anesthrtk' dose h expressed as a multiple of ihe minimum aLw.T.4ar coiiL~c:ninJH:fi 
(MAC} fur each specie*. {RepriMluced fmm 3IefTey I:i, by pcfmiuNMi.) 
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myocardium t Price I9bb) a This effect is exaggerated 
by adrenergic agonists (KaLat and Epstein l96Bi. 
Inhalation anesthetics. tvpecially hololhane. also may 
unkiu the hwin to aniiyilungcfiic effects of cate* 
cfoiEamiiies iRaVerUu* 1956; F.per I'QftfSL, I9*i4; VI 4 x 1 ft. 1, 
cl al. I!993 *i Munson and Tucker 1975; Nmna ct aS. 
1994; Joas and Sterau 1971; Weiakopf el ah I9*9a; 
JuhnsLun et ad, 1976). Temqnil changev in cardiovt^ 

viiLi?' fgiK;|iL?|l huiS-i* jEslk htfCri reported in a WslTiiM W ilf 

animals- during inhalation anesthesia (Slcfley el aL 
IfPb^d lW3a; fhinlcvp ct aL L««7L 

liver. Hepatocellular injury' may res.uEt as a general 
consequence of a reduction in he pa lie blood Flow or by 
direct anesthetic agent toxicity. Qf the contemporary 
volatile agents. hulothane is most oflcn associated with 
direct he park) tax icity. 


MAC MULTIPLE 

PJCL 11 II — Inhulnlion nataia mf u dewc-dependent 
(apHutd as muhiples of MAO dKiw in mean arterial 
Mood pratpr* (MAP) pn i±*£n whoa ve nl ilii ion is nrduri- 
cdy ^mcroiled let produce cucapnia. iDotu from SlelTey cc 
aL I98*: Sieffey ;irxl Howtud 1978k; Stf^cy etui. IVMk 
Frink ct nJ. 199 JH; Mcrirn dal 1(91.) 


I^S4: Sommer J9R7; F^cr 1994; Mcrin ct aL 1991; 
WcisJtnpfet al. II9KH; Page! ct al. IWLb; Warllier and 
PUptl I992). Ancrial blood pressure j* aln decreased 
in a dose-related manner (StelTey et id. 1974b. 1974c,. 
1984; nmm% and Howland 1977. 1978b: Frii* cl 
1992b: Menu et id. 1991) (Fig* 11JI). The decruM 

arlcrial WchmJ (Assure is usually related to u (kCRW 
in L-uidiac ouipui, hut in muvk- on (agent or species 

related) a i,Lecretfs£ iti peripheral vascular resistance 
may also play an Lmporlanl but lesser role. 

Iiihuljuion jiAcslhelius affect ihc cellular mechanisms 
of myocardial contraction al multiple slepv 'They 

decrease free calcium couefltridoa (l) by interfering 

with Cv m ov emen t through the sureokmma and by 
decreasing the availability and release of Cm** from the 
sarcoplasmic reticulum and 1.2.1 by altering the sensitiv- 
ily of regulatory and HUtnctik pntdu to awifMili; 
Ct**. HiihufoiW and eoflunM arc the most potent tif 
ilk -contemporary *i£en1\ in this regard. These cellular 
efftcti ore consistent with the rank order df agent- 
induccd myocardial depression seen in the intiM.1 uni-’ 
ratal (Pavlin and Su \ 994). 

lhe distribution of blood How to utgoito- is alt£ri>d dur¬ 
ing inhalation anesthesia f tiger 1985a: Warren and Wohb 

L9S&; Uemard et 3*1 1991; Haildftl and SoflHW I£79j. 
Rir example, volatile anesthetics cam a drrsc-cfcpcnd- 
increase in cerebral blood flow (supra vide) and 
debases in bLood. fi™.’ in Elver and kidneys {Infra vide). 

Caiuhac Rhythm anp Caisoiolami»S 5. Inhala- 

Lion iincMhidics may locmue the automatic ily of the 




I 


hidne>s- All of Hie VOlMUe HUldKtiffi reduce renal 
bhxwJ Hi ?w ;ufcd glnnfcfuLir fUtntioa rate in ;l dote- 
rebled manner As a cmaequoitt, -during anesthesia 

even healthy oni-rvuls prvhluce small volumes of clhujcii- 
trarted urine. This response is a common finding regard¬ 
less of the species studied. A transient increase in scrum 
urea nJtTDfHlp cmMinne, ami innrgan.iL 1 phnsphaLc alu 
lYULy aeciwnpaiiy inhalation anesthesia, especially if pro¬ 
longed I Eger V985a; Stcllcy et al. 1979, 19H0; Stover ct 
al I.98S; Ptihl el al. I9WW). In most cases the effects 

of iiihdLatiun anesLhc^ia on renal I’uncLion tie rapidly 

reversed after tii ilia lii Beyond chew gesenl ne- 
spun^es. mettHnyfftunoe is ootabfe u-iih regard la ii> 

potential for causing 

Skrh-cal Mu.x'li*. The volatile anesthecies are assoei- 
□led with some small amount of skeletal muscle relax¬ 
ation. likely a direct result of their CMS depTHnn. 

They also enhance the imuck reJnxnckni nduced by 
Lhe nondepolarizing oeufotniolirMockingdmgs ih:ti 
are HHDetiDiH uved as adjuvants in the anesthetic mil- 
igctwot of patKflts. 

Malignant hyperthermia, a lifc-Lhreatening pharma- 
cogeneLic mycypaLhy + is tnosl comnmnly associated 
with halothanc ustbetla I t in further discussed hdaw. 

Actions by Agtul. AeLions by agent w ill be di.wuswd 
In Lhis section: lhe volatile agervu pres^piti-Ll first, W- 
lowrd by (he gflse^rai'- ageiu, hi.O. The agents can he 
divided into ihrec grinips hosed tvn hmod use in ^eieri- 
nary medkirte. Emphnos here Is on lhe properties of 
halnthanc, iwUurane, and, later on, N.O because Lhey 
are currently Che most widely used, and Specific data 
derived from labtiraEtKry and clinical investigations are 
readily available. The KCHkd group iadDdtt meih- 
ayfliHue, fuflumne. and dicchyl dher. Methnxynu- 
rane never wu wLk-ly used fur anesthetic management 
of large animals hul is still ^although increasingly less) 
selectively used For lhe management of small animals-. 
Rnfluranc was 1 lever used a greaL deal for animals, 
c^pceioJly in the clinical envinmment, -iufcd lU cuiml 
DK ovetraQ is at bcsl infrequeul. Ihethy I ether continues 


nepirn ten icily (see below). 
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to have mine in inmclifiicai aspects of animal m*t**he 
sia and locations. outside North America. Tlse remain 


ing group of agents is composed of desflurane and 
sc^TufliHTine, They are the newest agents” berth now are 
approved for general use in human* in North America 
and elsewhere. Because chloroform is nnw used princi¬ 
pally as a toxicological tool (to cause reproducible liver 
damage) and as an industrial solvent, its actions will 
nut be covered. 


Hai othanr, H&bHbtmt, UK P (Fluothane), a rtudii- 

hak'igenated ethane, is a dear, volatile liquid Introduc¬ 
tion of hakrthaiw into clinical practice in 1957 repre¬ 
sented a significant advance in anesthesia phantia- 
cotngy, since ihe drug possesses dwacterislia of rapid 
induction and recovery, potency, and iwnflamnnability. 

with minimal side effects (Brown and Sipes. 1977). By 

iSNrt) halothanc was the mi m popular* potent anesthetic 

agent used in humufls in Che Western world. Human 
patients- accept the aneslheCK' without difficulty 
tteCSUte of its minimal unpleasant side 0 fleets. The 

most frequently used potent inhalation agent now used 
in humarts is isoflunine. 


B9OTRANSF0HNATION, About GO 80% of admiois- 


tered halnchane is eliminated unchanged iri tht exhaled 
hreaih. The remainder is eliminated via other routes 
either unchanged or as metabolites. Biotransfontiaiion 
of halutliiurc occurs primarily in the liver; most as a 
result of ibe cyiOChrMte P-450 system in the endo¬ 
plasmic reticulum of the hepatocyte*. It has Ken well 
established shat a major metabolite of hdothaiK 
inetuhi.dis.nl in humans and animals is mtluoroacccic 


iwrid (Van Dyke and Wood 1975: Baden and Rice 
1994), Other metabolite^ resulting (tom oxidative 


metabolism via Ihe cytochrome P-450 



inorganic chloride (CJr) and to a lesser extent bromine 
(Br). Since the bond for fluorine (F“) is much stronger 


than for Cl" or Br, lillle F" is released, [n humans, Br 


from halothane breakdown will induce headache. 


atoxiiL lethargy, -and ERG alterations (Tinker Ct al. 
1976). Ill the dug (Pedersol i 1980) .and horse (R ice and 
Stefl'ey !98Jb>, serum bromide concentrations 
increase signifioniLly dunng and following a period ni 
hakuharte aneslhe-sia. 

An alternative route of halothame iweialxplisRfin is via a 


reductive pathway requiring aiiaemhiL condition* and 
the presence of an electron donor Both Br and F are 
metabolite of this. jwJthwuy (Baden and Kite L W4|. An 
increase in hakflhane metabolism OCCUfs in experimen¬ 
tal animal* when inducing agents such as phenubarbi- 
tal and isoniazid are given prior to haJodiatie (deGmst 
el al. 1982; Rice ct iL 1987). Prolonged administration 
of low -dose hiiloLhane can also result in increased drug, 
metabolism (Linde and Berami 197 r, Ross and 
CardelE 1978). Such dreumsaanees may have clinical 


consequences. 


CENTRAL NERVOUS SYSTEM. Haloihsine depffifttt 
CNS ftHKlkm in a du»se-related foshiiM until respiratory 


and cundkivascijlar collapse and death. The MAC for 

halothaM in the dog is 0.9%; values for other species 
are given in Tabic 31 J. 


Cerebral blood flow usually increases during 
tuiluthiine anesthesia and may result in an accompany¬ 
ing increase in cerebrc^iul fluid pressure (Drum¬ 
mond and Shapiro 3994), Hulolhanc i* the most potent 

of the contemporary volatile anesthetics in ihh regard, 
malting it a less desirable anesthetic for animals with 
preexisting space-occupying inlraerajiLal lesions and/or 

inal flukl pressure. The cm 





metabolic oxygen consumption is reduced in dme- 





iveridg during recovery from tflkidtflflc is com¬ 
mon. Its cause ls related tu (beat Idss assoclulcd with 


general anesthesia mid other ill-defined mechanisms 
(Sender ec ai. 1988). Some drowsiness remains evident 
for several hours alter hahrihiiiK anesthesia even in 
ambulatory animats. 


CAKLH QVASCU'LAR SYSTEM. Hulothane depresses eir- 
cifllitfliy system function. Studies of a variety of mam¬ 
mals, including humans, indicate that cardiac output, 
stroke volume, and arlenal blood pressure are less dur¬ 
ing halolhane anesthesia compared to Lhe awake, 
unmediculed individual. Further decreases in ctidip- 
vikuIit funetkn accompany increasing alveolar 
doves of halmhane (Fsrvlil 4ind So 1994; Bergman 
1976; Stcffcy et al. I974h,e, 1977; StefTcy and Hol¬ 
land, 1978a, 1980; Eger el al. 1970; lngwerscn ct al. 
1988; Grundy et al. 1989). Rjr example, as halothanc 
dost is increased, mean arterial blood pressure 
decreases because cardiac output decreases. Total 
peripheral vascular resistance -changes very link; thus, 
generalized peripheral vasodilation is not Lhe primary 
cause of hypotension. The reduction in cardiac output 
is caused by a decrease iri stroke volume as ;i result of 
a direct drup-induced depression in myocardial muscle 
contract i lily. 

Effects on heart rate vary widely depending on 
species- and associated conditions. Often there ls little 
change in heart rate over a range of cliilkafl anesthetic 
desses.. The rhythm of ihe heart heat may vary during 
hakrthane anesthesia. Especially ni light lewis of anes¬ 
thesia spontaneous arrhythmias may appear. There is 

bChik ev idence that deeper levels of halothane anesilwj 
siadecrease this iodefcnee (Purchase rtlfrfs; MuireL al. 
1999), 

H.ilnrh.inc is especially well noted for Its liki.1 iIn kmH 
t-o predtspuse the heart to premature vcntrieulai 
exlrasysloles in Lhe presence of catecholamines rPur- 
cktt 1966), It is lhe mosl potent of Lhe contemporary 
s'olarik anesthelics in this reguid. Increased cndo®c- 
nnits release- of catecholamifio may occur as it result of 
surgical stimulation and insurtieient ftncslhCJdti or fnmt 
iUi dcvution m P OO, sccondar)’ to hypoventilation, 
rateeholamines (e,g,, epinephriM) and other sympaih- 

dunng iines- 

lhes!4i and surgery to lacililate patient management nt 
reduce locali»d Weeding, Thu*, anesthetic influence 


onijmeiie amines are sontetimes injected 








3 m i Jirrtitm J f DRW MEUNQ ON 1HE CHUM NEKYXH * inmi 


on heart boat rhythm ii MM -ii trivial muLLcr. Some m- 
thpeliv adjuvant drags may increase xyluzine. 

thiopental. und chiamyl-u]; '1‘ramqfuilti e( ill. LWifcs tied 
narski el ill. 1985), arid risers ic'iiav decrease (e.g., iCfr 
pramazine. tiduciiLne: Muir el ill. 1975; llurrigiin eL id. 

I97H1, the arfhyLhmugenk do^c id epinephrine during 
hiilothane .anc*thraie- 

Thc bamreeeptorr reflex is a shorl-lcrm central 
mechanism Ad aid in atoiil Wood pressure homeosta¬ 
sis. tfalotfUAC depresses ihe sensitivity of the biin.ne- 

ceplor reflex (PhvHd iutd Su 1994). 

The- CWttDVftHdar effects of haluthane thanks with 
dufltioo of urtesrhesiu. A tblH-nllkd ilKfHU in 

riiil M»d pressure, stroke volume, and. endue output 
lki» Ihd ii cofUHo finding in iUhUh of dkJgs (Steffi^ 

ei at P IWTb), horsts (Dunlop ci al. 1987; SteFFey et al. 
IWOa.b, IW_T.il, L9a7d>, aid human* (Price el aL 1970: 
Halil man ci aL 1972), 

kesmkatury system. Halodiue depmus rapim- 

tion in a dn^e-relatcd manner. As a result, the P CO, 
incteiACfl and then? it lets efficiency in oxygenating 
iifteriul Mood and periiiips hypoxenii (Stefley et aL 
1977, 1975, |97fe Sleffey mid Howland 197 Sji. 

|979;l: Graiidy el al. I9K9 |l, The volume nf expired 
minute vcnl Marion dmUH imnally as a result of a 
dtxwa.se in liLl^l volume; respiratory frequency also 
tends to dee reuse from awake condition* but Lbe extent 
i% species and condition variable. As anesthetic depth is 
(nenued* hreulhing rare alto tkctWS. In admin 
unmedieared healthy dogs and bones the alveolar 
hakuhane ancenlntiim rhac is undated with com¬ 
plete rexpiraiory arresi is 2J MAC (Rsfin und Eger 
1967) and 2.6 MAC IStelfcy et iiL 1977) respectively. 

Because halLUfiiane has hrunchodilaLur action (Klide 
und Avudo 1967; Colgan 1965) s it has been long con¬ 
sidered the matiKtic agent of choice for patients- with 
■viilttr i history of Asthma or upon udcvjwled or real 
bnacfcoq»a during induction or maintenance of 
amethena (P&vlin and Su ]99d) r 

LIVER. Hepatic blood flow is decreased during 
hakithanc anesthesia. mostly as a passive consequence 
of pvduwd wdlC uutptii ;md decreed liver perfusion 
Pihhr, The reduced Mood flow per sl% unless 
cxLremr. is not usually of a magnitude to result in clin¬ 
ical cunscquencrv 

tlepuliv dysfuncluHi lhal MHliBH OCCUfV lollw- 

ing inhalation anesthesia is most often associated wiih 
halothane The etiology i* unknown but the syndrome 
is likely actually multiple entities tBaden and Rice 
1994; |Vih I and Gil kite I9fl2k One entity is a mild 
transient form of hepatic dysfunction ihal is associated 
with all id' the inhaled (or other I anesthetics and may 
mult from hepatoeyfe hypoxia (perhaps at a result of 
reduced Bis sue oxygen delivery! i Harper ci al. l9J42a,h: 
Shingu el al. L9ti.2a.bL Ross and Dnggy 1981). Another 
entity, “‘fiaiuthiuie hcpulLLLs.'" is rarer but far mure severe 
and ot'len fatal, lbe moAt freLjuenLly invoked the^mres 

regarding its cliology include the metabolism of 


hstoduiK fto a (k"paiic) reactive melabotile t Plummer 
et al, 1982) and the occunmce of urn immuatt-mediated 
hypersemklvky (allergic) re ac tion, a promt thui is 
tiKirc directly hepaiweLtulirly dwnghig. The 

iinmunnlogicul basis for luil^llbaiie ItepaLili 1 " has been 
extensively reviewed tPohl ci al. 19814, 1989; Huhbard 
et al. 19KS) r 

Laboratory und clinical studies of some clinically 
important veterinary species (e.g.. luratt and ponies) 
indicate llwre ure aheMuMss in iKpiUic fimvlioh and 

cellular integrity assc^idted with hriotiiaoe> anesthesia 
(Engelking d al. I9R4; Gopdudi and Fort 1976; 
GopinsLih ei aL 1970; lL>yee et ul. I9R.T; Steffcy et ul_ 

1993c). 

KIDNEY, Hfllothajic j-s not known to have a direct 
nephrotoxic effect* However diminution of renal func¬ 
tion muy occur secondary to an anesthetic reduction in 
rvual bkiihd ITljw ;md glornenihir iTIiratic^u rate. The 

effects reverse rapidly after anesthesia is discontinued 
fSivffey ei al I9»0 t IW|. |99fe; Stoker ct al |9SKi. 

SKSLCTAI MUSCLE. HUfltiHDe causes some relax- 
acion of skeletal muscle via its action on Ihc CNS. It 
also increases the magnitude and duration of muscle 
relaxation induced by nondepolarizing neuromuscular 
blocking drags (c_g_. pancuronium). 

Rarely, induction of UHtbttil Lnggm a nipidly 

devdoping hypermeudvlie ruetkn in Kbe skeletal 

muscle of susceptible individuals. The syndrome was 
originally described as iLHtxriaJed with hakuhane., but 
other inhaled anesthetics have also since been impli¬ 
cated, lbe resultonl ajndroenc oF milignant hyperther¬ 
mia is charucLenzcd by muscle ngidity, a rapid rise in 
body LeilipeniEure. large cuDNUilbpCruft of oxygen, and 

gons^uenl pnKliictic?i3 4if tiO,. J>L r alli rapidly ensues in 
most cases- unless very aggressive therapy is instituted. 
Dantrolene is ciurcnlly the drug of choke for specific 
therapy. 

It is most commonly report^ in susceptible swine 
(Landrace, Pietrain. and Pcdand China l and human 
paLicnls and ii (tiffiftl by iut tcule Ikw^- iif intriicellulur 

control of cakkum The subject has been reviewed by 

Groncrt aikl Amognini (1994 k, 

Undoubtedly malignanL hyperthermia has been 
wrongfully diagnosed in the piiM as a cause for hyper* 
ilKTini? in veterinary paiienlx tv he in a more detailed 
investigation would have revealed other causes. 

bOfLUMNE» Itqfhmw. USP tPoranc, Aerraneh Ifi a 

halogenated methyl ethyl ether. Isoilurane and enllu- 
rane are sLrucluml isomers. Ikilli compounds contain 
the same number of atoms of fluorine, chlurine, cutnik, 
hydrogen, and nygn r 

[soflurajie was- first synthes-ized in 1965, and its 
widespread clinical use ior human patients began in 
19® L At lease in North America, it 3s new iIh 1 nmt 
widely used- volilile wstiielic iLgent for human 
putk r iUs s Isofhiniw is yl sl> in widespread clinical use in 
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veterinary patients. Il is probably ihc mns* commonly 
used inhaled agent for dogs, cats, horses, and birds. 


&IOTRaNSFDRMAT lONr In humans and animat* isoflu* 
raJK resists biodegradation. In humans less ihan 0.2% of 
the isoflujuifec taken up by the body is metabolized 
(HnLiday et al. 1975); this rate of mctahofiiiD is far less 
than for halothane. methoKyllurane, and cniluranc 
("Bible L I .ft). Both inorganic fluoride and trifluorocefk 
acid have been identified as end products of isoflurane 
metabolism (Baden and Ripe 1994). The resistance of 
isofiiiranc to met a ho I ism accounts- for the wry small 

■i 

increase in scrum fluoride concentration even after pro¬ 
longed isoJlurane administration (Cousins Ft ah L973; 
Dobkin ct ah 1973; Mazzc el al. 1974a). 

IsoJlurane is- defluormated by t ow, dc>g s lamb, and 

rat hepatic rnkmoonm (Rice and Strife? 1985*). In 

contrast to adult, horses, it is not significantly metabo¬ 
lized by neonatal bones (Rice and Steffey 1985b). 

The small fiintibesd! degnidiillAO products account 
for the lack of direet renal nr hepatic torieity. Esoflu- 
rane also does not appear to he a muLag.cn, teratogen, lit 
earciuogen (R^cr ct ah I97H; E-Iger 1935*). 


CENTRAL NERVOUS SYiThM. Isutlurane. unlike it's 
isomer tnflurane* dues not product sui mm activity. 
Cats given isofl wane display “sharp wives 1 " (isolated 
spiking) cm the EEG. This activity is also seen in cats 
with hakrib&M. enflyrane, and inelhoxyfliiranc and 
may be a species peculiarity (Julien and Karan 1974: 

Karan and Julien 1974: HodgfiOD et al. 1985*). 

Isoflunine has become the agent of choice for criti¬ 
cally ill animal palierlts and bird*. The M AC for isofllL- 
rain? is in the range 13-1.7% depending upon ihc 
species of focus (Table 11.7). 

l*ofliiranc has anticonvulsant effects (Knblin et al. 
1981). Ekfflial silence is seen on the tiEtj al 2 MAC 
(Clark and Rosner 1973). 

Most studies in animals have shown that isofluranc 
causes less cerebral vasodilation than halothane 


t Orurnmnful et al. 1936; Eger 1935a). Cerebral circula¬ 
tion autoregulatioii is iminLamcd with isollurane but is 
impaired by halothane (Todd and Drummond 1934: 
Miktich d al. 1976)- For these reasons aofjurane is 
usually preferred over balothane for ucunrw.utg.cry. 


carlmcja’a-SCl lak SYSTEM. Isoflunuic depresses car¬ 
diovascular function in a dose-related fashion (Sieffcy 

and Howland 1977; Stefiey et ml. 1977, 1OT7 b; Cor- 
bally and Brennan 1990; Bert 19911: Eger 1935a: Lad¬ 
ders et al. 1939). The magnitude of its effect on arterial 
blood pressure is similar to hukilhune, although with 

bofkiRUK the cause is more related in a decrease in the 

calculated systemic vascular resistance. Also like 

§■ 

haEothanc il decreases cardiac contractility and stroke 

volume, resulting in a decrease in cardiac output, How¬ 
ever, results of studies in a number of species indicaie 
that Lsuflurane. especially at light and moderate levels, 
affects cardiac ouiput less than Mcuhane dues. Isoflu - 
nine thin affords a w ider marg in of patient safety. 


Heart rule lends to be better nutnUiriftl during isoflu- 
ninc and may be increased from awake conditions, Il 
remains relatively constant over a range of alveolar 
isftflurjnc dcMs. Heart rhythm is usually little affected by 
isofluranc, and the incidence cri dysrhythmias alter injec¬ 
tion of vasoactive substances (including catechdamiuesj 
is substantially reduced in comparison to halm baric 
(Ikdtnarski and Majors 1986; Eger 1985a; Jims and 
Stevens 1971: Johnston el al. 1976; Tuekfif et id. 1974), 
As w ith halothane. duralioO of i so flu ran c anesthesia 
influences the mugmlude of cardiovascular Junction. at 
least in some species (Dunlop el al. 1937; Steffev eL al. 

1987c). 


RESPIRATORY SYSTEM. 


Isoflutranc, like halolhane. 


depresses respiration and increases PjCO^ (Steffey i^l 
al. 1977; Sicffcy and Howland 1977, 1980; Pavlin and 
Su 1994; Eger 1985a), Hie magnitude of depression is 
doftg and time related and is m least e^ual to or greater 
thiin that caused by haJodune under similar conditions 
(Sicffcy ct al. 1977. 1985, 1987c; Pavlin and Su I9W; 
Eger 1935a: Hodgson et aL 1985a;. Eaumfc ct al- 
1971; Cromwell et al. 1971). 


In some species, like the horse, during light and mod¬ 
erate levels of aoeslbefie respiration is characterised by 

I urge tidal volume and low breathing rate (Hodgson ei 
al. I985a,b; StcfFcy ct al. 1977). Respiratory depression 
accompanying isoJlurane anesthesia may be increased 
in magnitude by concurrent administration of opioids 
(Ossipou and Gcbfiait 1934; Sieffcy et al. 1993b), a 


common practice m clinical cireuiroteiKcs. 

The al veoLai concentration that causes apnea is 2.5 
MAC for the dng (StofFey and 'Howland 1977) and 2.1 
MAC for the horse (Sieffcy ct al. 1977) r 

The work of Hirshnuui in dop sensitized to lacoris 
antigen suggest- that isofluranc (and enflurane) is as 
effective in tkrming the constrictive ability of airway 
smnoili muscle as hakahane (Hirshman et aL 1982). 
Thus., isofhimne may serve a^ an acceptable alternative 
to halothane in animals with elevated airway resistance 

(Hkrshman et al. 1982; Engkwoi 1974). 


LIVER. Blood fltiw io the liver altered less by isoflu- 
rane than haiorhane. so isoflurane might he preferable 
to halnrluine in paticnls al risk for hepatic injury tCtel- 
man el al. 1984a,be Seyde and Loipecker 1934: Cte!- 
man 1987; Yastidw el id. 1991). Results of tern of 


hepatic function and cellular inics.-rity show only mini¬ 
mal changes following isoflnrane anesthesia, and the 
changes ere only transient in nature ( Daunt et id. 1992: 


StcfVey ei el 1979; Eger 198.5a). Transient hefHftic 
insult has been reported with hypCOtetnlA and halothane 
hut not isoflurene aneMhesia (Whitehair et al. 1996k 


KIDNEY. As with hflJolhane, renal Wood flow end 

urine volume are depressed with iwOurane. Changes in 

blood components related to renal function and/or 
injury are mn w^n W ere small in magmtiide and are 
rapidly reversed following anestivesba (Eger 1985s; 
Daunt et el. 1992: Sieffcy ct al. 1979). 
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Ifoflurane icnb metabolism and the release Of 
F' is xvrujlh so direct rend tnkky by Lhis drug k 

■w I Ital y 

r 

SKELETAL MUSCLE, JsolturaiK LK mure pctfenl than 
lu Irt hunt in its ability Co entunte the neuromuscular 
blocking effect of nondepolarizing neuromuscular 
blocking drugs (Miller etd. 1972: Eger PiSSu). 

[foftufire is among ihe anesihetic drugs repo rted ly 
able ro trigger malignam hyperthmUa tOfooert And 
Amgaui 1994). 

Muscle blood flow was hc-Ltcj maintained in rats, 
dog*, and bunm oues-lhelired with isofluranc than 
with halothane jScydc and Ijongncefccr 19H4; Gel man 

ctd. 1984b;; Eiger 19«Ji). 

hiETHQXYFLURANB. Mtfhoxyflutmti USP \ Metu- 

lane. PenlhraneJ* Wtt BfSt synthesized in 195-8 smd 
m introduced clinically a few yean lasts". Ii was a 
popular inhalalion anesthetic for anesthetic- manage¬ 
ment of smalt companion and laboratory animals 
throughout mosl of Lhe 1970 s aind 1980s. Its u.vc for 
hum-iin patients rapidly declined following discovery 
of iis ability to cuuc vuopreuliwcaiitaii polyuria 
renal failure (Crudell et il. l%6) r Over Lhe pa%t 
5 ■ 111 years its use in clinical veterinary medicine has 
also fen declining as newer imslbetic agents and 

inectbetic techniques have appeared. Reliable statis¬ 
tics regarding the frequency of its use in clinical 
practice are tut available* bul it is judged by this 
author to be used lc*s (him balothane and iwiflurane. 
Becane of its cut Krone Mood MlubiliEy, imposing 

costly delays in manipulating anesthetic d cim, it was 
never widely advocated for use with Larg.e domestic 
species. Els use for avian ancs-Lhcsia. lias been 
replaced by isoflurane. Because less objective infor¬ 
mation is available for mcthoiyflu rune compared to 
newer volatile anesthetics and because of its per¬ 
ceived dee line in use, information on this drug wit! 
be mere limited in ibis edition. See earlier editions of 
this text for additional information. 

RIOTRAKSPOlMATTOH, Melhoiyfl uranc undergoes 
substantial biotransformation: in hiunant about 5096 of 
the absorbed dose can be recovered as metabolites 
[Table 11.6) (Holiday d al. 19701, It is the nwt «f»- 

sivcly metabolized of the inhaled anesthetics. The 
major metabolite* are F. diehloroaeetic acid, and 
oxalic acid. Both cytndmnc P-450-dependent and 
noneyt-nehrome mechanisms can be involved in its 
breakdown. The metabolism is increased following 
administration -id enzyme-inducing drugs such as phe- 
nobarbiLal and diazepamtBaden -;ubd Rice 1994; Ma/re 
et al. 1974b: Bfctnuu et al. 1986}. 

CENTRAL KERVtHrs SYSTEM. Mdtonylltnae is Che 
most potent of the inhalaiion anesthetics. The MAC few 
meihoxyflurane for the dog is CX2-0.3% tEger ct al. 
1965; SieJTcy et ah 108% Values for some tflier 
species are given in Table 11.7. 


L'ARIUOVASfL'L.AK SYSTEM. Arterial Mood pressure 

aiSal c-iirdiac *iy(piii dvcrc-iisc in j di.**: rckiicd isiinirtirr 

uSlcficyd al. 1984; Walker cl al. I9fi2), The magnstuefc: 
of effect in dogs is m least equal to that found with 
halmhiine (Sttffey et al. 1984; Dobkin and Fedoruk 
1 % I; Bagwell and Woods 19621. As with baloLhane. 
the decrease in wdiic output is a result of a decrease 
in myocardial contractility (Brown md Ciout 1971* 

Mortal and BorgstotU 1971}. Heart rate changes licrk 

over a range of dose*, find as is ime with all of the anes¬ 
thetic ethers, cardiac arrhyihniias arc ramr 

RESPIRATORY SYSTEM* Mcthoxyflurane is a pntcnrl res¬ 
piratory depressant. The increase in P COl,. ilv with the 
Other volatile liBtheflo, k dose related tSt-elTey et al. 
19*4). Ttw dose of DedHHyfliJfwe renltiiy in ai leasi 
fiQ Boondscf apnea is 3.4 MAC I'Regan and Eger 1967). 

LIVER. Metho&yflurane along with other inhalatBLin 
anesthetic* reversibly dcpre%ses hepatic performance. 
Though objective data are limited (Pcdersoli 1977a), 
yeans of lUCHnpttcalfid use (in relatively heallhy dogs) 
in veterinary practice* support Lhe Mdun that incidence 
of damage knot grcai. However, the posaHkility of liver 
injury i-s apparently present in al leasa some circum* 

stanec^ (Gnecte cl al. 1966% 


K3l»'KV. Renal blood llow. glomerular nitruliofi rale, 
and urine volume are reduced, as they are with other 
vo3ai He anestbeticsr hi esfedaliy humim* and certain 
strains of rzls tFi-scher 344) (Mazze ci i\] r 1972) resultunl 
products (notably F'} from the meiabtilism tjf 
mcLhoxyllurarK" reliihbly tvsiiII in nephniUi^ieily tleiL i> 
dudderittd by an inability to concentrate urine K?ran- 
ddl cl al. (%6; Baden and Kicc 1994). In addition to ml* 
and humans, lhe cow. di*g. lamb, and probably heme are 
able to bk^fcgriidi: methosyrturaiic ami release P" (Rice 
aisd Sfeffey Thus, high scrum P is atLoinahle 

in species other lhan man and rat iollowing exposure to 
meLhoxyllurane. An increase in KfllfU K following 

m^rlhixyllurjne wsfluMB in dogs hu been reported 
tPtdL-rsoli 1977b: Pedersoli 1977a: Meming and fVder- 
sdU I960) hut under condition* of Study clinical flfgmof 
njoal failiLfe were iuv obvious^ HIlwvcwj, ancslhciie 
^djuviinl drugs may inert aae ihe livelihood of toxieity to 
methi-ixyflurane (Matthews et al. 1WB).. 

EWLLlftANL EnflmmF* USP (Ettnuk was xyrnhe- 
sized in 1963. iilLmdticed fur clinical trial in huilKiik 
patients In 19ft). and r ektad [far general clinical 
huiuan ilvc in 1972. Its introduction was encouraged 
because of the elinical need for an alternative inhalz- 
linn ancslhdic to haUithane lor human paLienls. It wn 
investigated for use with small companion 4Uiimab and 
horses but received at hesi only brief chnlical exponiRr 
If: as a chemical isomer of boflurane i Fig. 11.2), 


WIC.ETKAivsf-rutMA'IM>N. Atx?ui 2- 10% tTable JI .61 nf 
the cntlurane that is administered to humane is biode¬ 
graded in Lhe liver (Chase et ah lf7F; Carp^'i^t-i-r el si 
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wilh F as one of tin metabolites. Treatment 
ft Mil drugs itkiK induce hepatic enzymes (c.g., phe-no- 
harbital) enhances enfUuranc metabolism (Baden and 
Rice 1994). The degree of hiolrans formal ion occurring 
with enfluranc is substantially less than that found with 

nMthoxyOiimne and haktfhane but mare than with 
isoflunuie and the two newcM inhalation anesthetics 

CENTRAL NERVOUS SYSTEM. The MAC for cnfluriLTR- 
in a variety of animal species averages about 2 . 2 % 
(Table 1 ].7). 

The ocduitdK of motuc hyperactivity such as 
twitching of the muscles of the l ace anil extremities a I 

moderate levels af anesthesia was noted early in the 
use of enllurune in both humane and animal. These 
signs were accompanied hy EEG evidence of seizure 
patterns (Neigh cl al. 1971; Clark and Router 1971: 
Jobs ct al. 1971: Julien and Kavan 1972: fioswll el al. 
1982; Suffey and Howland 1978b: Steffey el al, 

1977; StefTey 1978: Hide I97&J. Eaflurane's epilep¬ 
togenic nature is unique among die commonly um'J 

inhaled anesthenks. Hypocapnia seems to potentiate 
seizure like activity during enfluranc anesthesia 
(Neigh ei al. 1971 b Consequently, hyperventilation is 
usually avoided in the clinical management of 
palienGs. 

Other effects by anflbUUK Oil the CNS sire similar to 
those for halothiiie and include ceiehrovascular dila¬ 
tion, increased cerebral Mood How; and increased 
intracranial pressure iMiehenfelder and Cttcchiara 
1974; Drummond and Shapiro 1994 i. 

CARWOVASCULAR SYSTEM. Enfluranc causes do se¬ 
re I ate d ckpfts^jofi iii carikivascular function I'Odver- 
Icy ct al. I973ta,b; Skovsted and Price 1972; Sleffcy and 
Howland l97Sb; Sleffcy el al. 1977: Klide 197b). and 
overall its effects are considered more profound chan 
those of halothane and isoflurane (Pavlin arid Su I994»). 
Arterial blood pressure is. progressively decreased as 
dew of enflitrane is increased. The magniladc of reduc¬ 
tion in Mood pressure is. al least equal to that caused hy 
haEolhane. Cardiac output also is decreased in a dose- 
related manner due to a profound depression in myo¬ 
cardial contractility and in turn a decrease in stroke vol¬ 
ume- The magnitude of depression in cniwractilily is at 

least as severe nr more mi chan that produced hy 
halmtiane ttwamki et aL 1970; Brown and Croat 
1971; Main el al. 197b). 

Heart rule may he increased with enflurane. Ii fa 
intermediate between haloihane and isoClurane in ii& 
arrhythmogenic potential in the presence of cate¬ 
cholamines (lohulou ci at. 1976). 


LIVER. As with other volatile anesthetics., liver blood 
flow is reduced in. proportion Bo anesthetic tlose and to 
changes in cardiac output. Hepatic necrosis ha^ been only 
rarely repined in human patients following enfluranc 
anesthesia (Lewis ct al. 1983; Oita et al. i960: Van der 
Reis ti al. 1974). The influence of aecTanrpainytng severe 

hypoxic conditions may have played ii prominent role in 

at leasl some of these eases (Baden and Rice 1994; Eger 
ec al n I9H6). As with halmhanc. enHuranc should prtrinMy 
he avoided in patients, suspected of hepatic dysfunction. 


kidney. Hnllurane. Dike halcdhanc. depresses renal 
function. It causes reductions in renal Mood flow; 


glomerular filtration rate* and urine volume that are 
equivalent in magnitude to those seal with hulmhutte. 

The metabolism of cnflurunc by die User to F is 
much less than that for methnxyflurune. The amount of 
F produced is usually below the tuftic threshold level 
(Cousins cl at. 1976). so it is unlikely to cause clini¬ 
cally significant renal dysfunction ampt in unusual 
dn.umsL 0 JK'es like prolonged aiiesl belie conditions. 
(Barret al 1974; Mazac- et al. 1977). 


SKF [ JLTA.1• MUSTI.Il. Skeletal muscle relaxation occurs 
with enfluranc, and nondepolarizing neuramuKcular 
blocking drugs are more potent in lire pitefirtee of 
enfluranc (Fogdalt and Miller 1975; LkmitZ €1 ul 
1979). Malignant hyperthermia is induced in suscepti¬ 
ble individuals by enfluranc (Oaropresc ct al.. 1975; 
Gromeri and Antngnini U9941 


DE5RIJRANE, Dt'sfiumne, USP (Supreme), the 
uewest inhalation unesLhetic released fot general clini¬ 
cal uk in human patients iii North America. United 
Kingdom, and other parts of Europe, Its actions have 
been investigated in humans and in a variety of animal! 
species, including dags, horses, and pigs. Reviews ul 

its actions are in Eger 1993 and 1994. 

Dcsflurune, formally known as 1=653. was first syn¬ 
thesized in the 1960s along with similar agents such as 
enfluranc and Lsnflurane. h was nol actively investi¬ 
gated at that rime because it was difficult la produce 

and its greater anesthetic potency compared lo other 
prospect* was considered undesirable (Eger 1993). 

Destltiraoc! has a high vapor pressure (Table 11.3) 
and required a new !y designed* lemperature-coiniolled. 

pressurized vaporizer fm predictable delivery 

(Andrews and Johnncui 1993). It has a very low solu¬ 
bility (Eger 1987) in blmsd (Table 11.4), contributing to 
greater precision of control over the maintenance of 

utaheaii and a very rapid emergence from anesthesia 

(Eger 1992). 


RESPIRATORY SYSTEMr Ell Ulurnnc is a potent respira- 
(ory iLcpressanE. The increase in P C0 3 is directly 
related to anesthetic dose (Klide 1976; Steffcy and 
1 low land 1978b: SlelTey et at. 1977; Cah erley et ul. 
l97Ba). Efiflurine is about equally effective as 

halnthiine indeefcasing lung airway resistance (Hirsh- 
man and Bergman 1978). 


HlOTRANSraHM aTKjN. Desllurajic resists degradation 
by the body to a greater degree. 1 than any of the other 

volatile anHifadica (Koblin 1992: KoWin et al. 1988)- 

actual amounts of degradation are ioo small m measure 
iiccuracely. Results to date do mrt indicate any to si city 
associated with its use in u variety of species. Although 

the magnitude of bretikdoft n is differum, desflurodK is 
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expected to be metabolized in a manner similar (paral- 
IcLj to itmi for isofluranc I. Baden and Rice ] 994 ). 
Resulting products arc lire fluoride ions, triHunmacetic 
add, and CO. and water [ Eiger HM). 

CENTRAL NERVOUS SYSTEM. DttflutU is. lew portent 
Chan other contemporary volatile agenLs (Table 1L7), 
Fur esample. the MAC fur the dujy it 7.2%. 

Desflurane causes dose -related depression of EEC 
activity comparable to eflbctt am vrith an equipMeot 
dose of i voflnrane 1 Rampil et al. IQfl-R, 1991 ) r Epilepti¬ 
form EEO activity is not reported. 

Desflurane causes dose-dependent dracun in eene- 
bjLPVsLseular resistance (vasodilation) and cerebral 
meiaholie rale of oxygen consumption similar to 
actions hy halmhnnc and isoflurane (Lutz et ol. ] WO). 
As is the case with isoflurane, desJlurane may also 
result in an increase Ln brain volume and associated 
mlrucniniu.1 pressure increase 1 Young 1992). Although 
these effects ore trivial in animals without intracranial 
pathology (Lut/ et al. 19%. 1991). the agent must be 
used carefully in patients with decreased mtfacranial 
COmpUdJIHr DsflOMlG is simihtf to isofluraJh: in lha.1 
ombiwmcubr re\po*i si metres* to cart*m dkutide m 
maintained ( Lutz ctal. 1991)- 

CAADH)VAK1ILAR SYSTtiM, The cardiovascular 
Kto u of dKflmiK are similar to lime of inflllffllK 
(Weiskopf et al. 1989b, IWI“ McMurphy and 
Hodgson IW4: Warllier and Pigd 1992). Like isofln- 

rone and tialothanc, desflurane decreases mean arterial 
blood pressure and stroke volume in dose-related Josh- 
ion, But cardiac output during desllurone. us with 
isotlurane. is belter maintained compared to condi¬ 
tions during haJothane anesthesia. Heart rote is usually 

higher and peripheral v-a-seulaj resistance ton wnih 
des-tlurane compared Lu thetUher volatile agents (PageI 
cL at. 1991 b). Myocftdul contractility is depressed 

(PageI et al. 199lm Bahui et ad. 1992). DhOuihk 

doe* not predispose the hean tt> YHIbkalll arrhyth¬ 
mias, nor does it sensitize it to airhyttimogcnic effects 
of epinephrine (Muore eL al. I 4 ?*)): Wddupf et al, 

1989ft). 

MSHRXTOHV SYSTEM. Dtsflurune, like dtiKC Contem¬ 
porary s^lalile anesthetics, causes a dose-related respi- 
rainry depression (LoddlfFt et al. 1991 a). Ics effects m 
this regard in humans are most comparable to those of 
enfluninu (i.c.. mote depressing 1 bon isoflurane). Apnea 
occurs in pigs at alveolar desflurane concentration* 
between 1.2 and 1 .ft MAC, while the apnric threshold in 
dogs is 2.5B MAC t Wurltfer and Pagel 1992). 

LIVER, Desflurane depresses hepatic blood flew only 
minimally. In a study of dogs, total hepatic blood Ikw 
(portal plus hepatic arterial) was significantly 
decreased by desflurane only al the two hig.bc^-1 anes¬ 
thetic concern rations (1.73 and 2.0 MAC) (Morin et al. 
1991T These actions were not significantly di Herein 
from isoflunme. 


l^esdurane is not associated with hepatic toxicity in 
humans (Jones et al. 1990; Wcukopf et id. 1992). swine 

fHnlmes cL al. 1990), or rats i. tiger cE all. 1987). 

KIDNEY. Renal blood flow is not substantially altered 
by desflurane (Mtfid el al, 1991), Because desfluiune 
is extremely resistant to degradation, it is nut expected 
1o pttKSt, and has not to dale shown, nephrotoxic 
potential (Baden and Ritt 1994: Junes et al. 1990: 

9fthfcopfctil. 1992). 

SKELETAL MUSCLE. Utesflurine, like i soil wane and 
cntlurone, causes muscle relaxation and enhances the 
action of neuromuscular blocking drugs (Caldwell et 
al 1991), Desflurane is also a trigger of malignant 
hyperthermia in susceptible swine iWedel el al 1991) 

SlLVOPl.i: RaNIl. Srw^iiniiu f Ultane) was synthesized 
in Lhe early l L )70s. and its characteristics were firsL 
described in 1975 I Wallin et at. 1975). It has been 
approved fur use in human patients in Japan for nearly 
two decades. Il is MW available in North America fur 
general use in human paiietiis. 

Us phy tiesl characteristics were noted earlier in ibis 

chapter However, il is important to poinl out here again 
dial unlike other contemporary inhalalion aneslluecics 
scvorturunc is -degraded in the presence of soda lime 
and iftfslym. commonly msd CD. ihsataib in 
anesthetic delivery circuits t Wallin ei al. 1975; Liu et 
al. 1991; S-lrum ct al. I9R7; Frink cl al. 1992aj. 

uSevoiluranc degrades to CH..F-O-C^CF, (CF.) 
1 known as Compound A) Ihat is lethal m 50% of ani¬ 
mals (LDJ at a concentration dtf-4tX) ppm (Mono et al. 
1992). Muzze (1992) has discussed concerns of levels 
of Compound A in human patients. 

Hk in vitro rule of ddluoriiuiiinin of mflviWH k 
abcHit the same as kw melhoxyllurane -iL'nok et al. 
I975u.bk In vivo, however, the scrum l' OdtoUlbu 
wonted with sewflunne h much less ihan widi 
incihoxyfliLrane ijCihik er al. 1975a; Holiday ;ind .Smith 
L9BI: Baden onJ Rice 1994: MurLis et al. 1981) Likely 
llbis differeuce i& related lo w ftunukf’s reduced tissue 

tbUMky, SmOiw dflluotfiuikn to iocnued by prior 

induction of micrrwomal enzymes-with drugs such as plie- 

wobitrhilal (C™k or ul. 1975b. Rad^iaiid Ri« IW4), 

Like desflurane and mher eommonlv used inhalation 

V 

anesthetics, scuofluranc decreases cerebral vascular 
resistance and cerebral meLahcsIu: rale, increases inlrocni- 
nial pttHUtt in a do sc^-re I a Led manner < Drummund- and 
Shapiro 1991; Mannhar 1986? Sehelter et al. 1988), and 
docs not cause EBG or gross motor evidence of seizure 
activity in dogs t Wallin et al. 1975: Schellerel aJ. 1990), 
Except for causing □ higher heart rate, sevuflunine's 
aciions on the careulauwY and respiracory systems are 
qualitatively and quantitalively similur to those of 
tooflunne (Eger 1994k SemFItmue not increase 
lhe arrhythmogenif ity of the hean {Wallin ct fll. 197 5j. 

and ihe orrhyilunrigenic dnse of epinephrine in dogs 
anesthetized wish scvoflurane is similar to that during 
iMjflurane anesthesia (Ha.ya.slii et al.. I9MH). 
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Current inforination suggests that sevwfltiranc or its 
degradation products do not product hepwic or renal 
injury. However-, caution is warranted since ihc 

biodegradation of si^iillij.rjnc Id F" OCOIfl and degra- 
dalion by sjpda lime or Baralyme producer another 
renal toxic agjcnl, Compound A. The oonceUndcHi 
threshold tew rciuil toxicity an rats can bt reached in 
clinical practice (Eger 1 993, 1994). Indeed, recognilion 
of possible renal damage from Compound A led to the 
present package Labeling for sevofluraiK that warns 
ptaysbtiaiB agaiast its me for human patients at fresh 
gas flow rate* {from the anesthetic delivery apparatus) 
of less than 2 17min. Maz.z.e and ludscn (1995) rec¬ 
ommend that sevolluranc not be used in patients with 

impaired renal function, 

StiwAifioe enhances the action of netinwniiscular 

blocking dni^s and can trigger malignant hyperthermm 
in susceptible uiiitiiJt (Gnuncn and AnLognini 1994; 
Sehulman et al. 1981). 

Diethyl Ether. Eth*r f USE (diethyl ether; 

is a colorless volatile liquid with a 
characteristic odorr. Ii has a vapor pressure of about 425 
nim Hg (at It)’ C) and hoiks al 3S fl C. Because of ils 
eu.se of vaporization and wide margin of safety it can be 
used with simple vaporizers positioned within the 
patient breathing circuit. 

li> bkod/gti PC at 37' C is 12, very near that for 
imilwayfluraiie (Eger 1974). Its vapor is highly flam¬ 
mable and forms an explosive mixture wish air. This, 
u long with the introduction of halofchane and 
methoxyilunine and the introductionoJ more electronic 
tools into the operating room, in large part accounted 
for its rapid decline from widespread clinical use in 
North America in she 1960s. 

Ether is biodegraded in the body to CD, and non¬ 
volatile urinary products. It is presumed that the ether 

linkage is cleaved by hepatic microsomal enzymes 
(iBiised-funcuori oxidase ■system),, producing two-ear- 
bon by-products such as cfbanol and acetic acid, which 

then enter the general metabolic post and arc further 
oxidized lo CO. (Van Dylkc et aJ. 1964; Green -and 
Cohen 1973; Cohen 1971). hom a metabolic view¬ 
point ethtt is a >wy sal e agent because it degrades into 
nunLoxic product* I Green and Cohen 1971). Most of 
the eilicr unaltered is eliminated via the expired air. 

Ether is an excellent anesthetic and causes dose- 
re bled generalized CMS depression. The MAC for ether 

i n dogs Is 3.04% ( Eger et a f 1965). The MAC* for other 
species sre sumnwbed elmheR (^er 1974). 

Ether al anesthetic concentrations is an irritant to the 
muecn of the respiratory tree anti as a result increases 
the amouiLl of respiratory tract secretions. In humans 
and dogs VtflftUlliM is not severely depressed until 
deep levels of ether anesthesia are produced (Lamm ci 
al. 1969; Muallcmct al. 1969). 

[n sympathetically denervated animals, ether 
depressed myocardial contractility (Brewster et al. 

1953; Brown afidCrout 1971,}. In the animal with intact 

sympathetic nervous system responses, diethyl ether is 


known to provide imivenally stable hemodynamic con- 
duions. Cardiac output and heart rate usually increase, 
and arterial Wood pressure remains stable. An increase 
in sympathetic nervous activity is the mechiUlisni that 
compensates for Lbe direct depressant act ion of ether 
(Jones et ah 1962:, Price 196 k Skovs-tcd and Price 
1970; Eger et al. 197IV 

Emesis is a common complication of Low-dose ether 
and frequently occurs during anesthetic recovery in 
otherwise unmedicated dogs. Ether also provides pro 
found skeletal muscle relaxation. 

Tub Gaseous ANESTHETIC NITROUS QxiPH. The 
phaniNiciilu^y of N.O and its scope in the clinical prac¬ 
tice of anesthesiology (human and animal patients) 
have been reviewed by Eger, and readers are advised to 
consult his text as I he next step fur infortlMnion beyond 

the brief summary given here (Eger l9KSb). 

Nunmx (txUt, USP (N ,f». is a calnrlesH. muiriluiB, 
slightly cel-smelling, non llammable gas. Nilrous 
oxide is commercially available as a gas stored in steel 
cylinder at a pressure of abuul. 50 atmospheres. Since 
its introduction into clinical practice more than ISO 
years ago, its use has formed die basis for more general 
anesthetic techniques of human patients- than any Other 
single bihaMtiu agent. Its widespread use resulted 
from many desirable properties ilieluding low Wood 
sohibilify iTahle 9 1.4), Limited cardiovascular and res¬ 
piratory system depression, and minimal toxicity (Eger 
1985b). Ils use in the ancsthcLte littrttgtrtt tiH of -ani¬ 
mals became a natural extension of ils Use for Iiutriaris. 

An overview of offtake and distribution (phariYiacniki - 
necks) of inhalation anesthetics including brief insigh! 

into some relatively unique ways the physical properties 
of N.D influence lLs movement into, within, and from 
the body was given above and because of space limiia- 
tions will ntn be further addressed here. Readers yre 
referred io ihc works of Eger (Eger 1974, 1985b) for 
more infvmcion on such clinically important subjects 
as , 'lhc second gas effect;’ "diffusion hypoxia" and 
movement of N O into closed gas spaces. 

bIotransFORMaTION , Nitrous oxide is OKliboliiBd 
(reductive pathwayl by intestinal unat'mhie bacteria CO 

mulecuLar niirugen (N_) and five radicals (Hong et al. 

1980ab), Unlike mliur inhateikw iinescheiics, M O is mu 
believed to be directly metabolized by animal tissues. 

CENTRAL NERVOUS SYSTEM. Nitrous oxide is HOI 4 
(WtertL anesthetic (Table 11 -7) and under ambient con¬ 
ditions will not anesthetize a fit, healthy individual 
Consequently, to get important benefits of N.O it is 
necessary Lo use it in high inspired concentrations but 
at the same Cime remembering that as the concentration 
of N s O i* increased there is a change in ihe proportion 
and partial pressure of the various other constituents of 
the inspired breath, mutably Q,. Consequently, lo avoid 
hypoxemia. 75% of Lhe inspired breath is the higher 

concentration that can be safely administered fart sea 

level rn healthy individual*, less ai altitude nr in the 
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face of. especially., ^riiopulniQaafjr ditease). The 

potency of NO an animals important to clinical veteri¬ 
nary medicine is. only about OH-tlllf ihtt amtifad lie 
potency of that found in humans. Thus, ihc value ®F 

N,0 in veterinary clinical piKtkv is- further compro¬ 
mised- When used it server as an anesthetic adjuvant, 
iha! is, it is used m conjunction with an injectable 
:i4fcdA'rf another iElh&JaEktfi arWstheCifc Since its depres¬ 
sion of teller vital organs such as the heart, lungs, kid¬ 
neys, etc., is small. its purpose in this case is to reduce 
ibe amount oF the pntwy, more [Mem inhaled or 
injectable anesthetic drug for anesthesia to lessen over¬ 
all harmful effects on vital organ function. 

The effects of N..O on the EEG are similar to those 

■ 

produced by the volatile anesthetics. At Ldw subimes- 



thetk levels (about 30%» inspired K N.O me 
frequency and Lowers voltage, and at higher suhanfs- 
Ihetic concentrations (c.g., 60%), K.O increases volt¬ 
age. Adding N.O Lo a light level of anesthesia produced 
by other drugs tends Id increase voltage and decrease 
frequency (Frost 1985). 

At subanesthetfc dores. N.O causes an increase in 


cerebral Mind flow and intracranial pressure. The mag¬ 
nitude of change seems to depend upon wJietlKT it is 

administered alone or in conjunction with other anes¬ 


thetics. Dramatic increases in intracranial pressure 
occur in animats when N O is used alone (Theye and 
Miehentelder l%fi; Pelligrino et at. L9H4: Drummond 
and Shapiro IW). 


CARDIOVASCULAR AN'D RESPIRATORY SYSTE MS- 
Under ambient conditions the effects of N.O on the 

l;lilI K1VMIN.CLI taf arid respiratory Tmulmn Urihcr Ihjin 

reducing the inspired O, concentration) are small com- 
pared to those of the other inhalation anesthetics. 
Nitrous oxide is a direct myocardial depressant. How¬ 
ever, it also causes sympathetic nervous system stimu¬ 
lation and the release of catecholamines. Hie sympa¬ 
thetic stimulation, coupled with the mild, direct 
depressant properties of N n 0 P results, in comparatively 
little cardiovascular depression (Eiscle 1.985; Steffcy el 
al. I974ajb* 1975; Sietfey and Howland 1978c:; Dolan 
et al. 1974; Pavlin and Su I994; liger 1985b), Itiiv end 
result is one of the distinguishing factors of M.C) rela¬ 
tive to the other inhalation imolhel ies. 

In some circumstances N-O may contribute Up an 
increased incidence of cardiac arrhythmias (Liu ct al. 
3982; [.ampe li al, 199ft*). Then* is some evidence to 
suggest lhal its use conlrihnlcs to an increased inci¬ 
dence of myocardial ischemia in some circumstances 
(Philbfi eL al. 1985: Leone rt all. 19SK; Nathjn IMS; 
btokrteteted, 1993), 


LIVER AND KIDNEY. Nitrous oxide has little or no effect 
on liver or kidney function in patients exposed under 
most clinical circumstances (Brodsky 1985; Lamport at. 
I9NM). Nitrous oxide interferes with several vj Lunin 
B., dependent reaction*- The result is m Irreversible 
inactivation of the enzyme methionine synthase that in 
turn mulls in a reduced amtjunt nf thymidine, an essen¬ 
tial DMA base. The subsequent interfere nee with DNA 


synthesis prrsxmfS production of both leukocytes ami red 
blood cdk by bone marrow. Similarly, exposure to N.O 
can produce a putymraropiishy (“nitrous oxide neuropa¬ 
thy") that is indistinguishable from dial associated with 
pernicious atiemia, that b, subacute degeneration of iJk 
spinal cord (Bftkn and Rice 19**+; Brodsky 1985). The 

bonemamrw changes, would he expected to be seen only 
in Lhe sickest of patients and after about 10 hours or 
more of N.O EbKstksie (CTSulliwU et at. 1981). ITk 

-i ^ 

neurologic disease is must commonly associated with 
rare. liuig-Cemi exposure in a grossly conLaminiited work 
erw iuHunee'ii or wiifei chftwie abuse of N.O (a potential 
considers ion in the manage mcoi Of Che veterinary prac¬ 
tice) tu™ 0 al. 1978; Lay&e? 1978; Baden and Rice 
1W4; Brodsky I9K5). Both forms, are described in 
humans and animals. 


SKELETAL MUSCLE. Nitrous oxide is ;n best only a weak 
trigger to the development of malignant hyperthermia in 
Huseeptihle subjects (Grown and Aniogjiini 1994), 


TRACK LXlNCtNTkAllO'NN OF INHALATION 
ANESiTHKTIi'S: CHTTIPAIIHNAI. KXPONOIk. 

hr I 9b\ Hrucc .irid emviirkers llffucc ct al. 19hH i pub¬ 
lished a retrospective study of Lhe causes of deaLh 
among aiRAihe^iohigisf^ over a 20-year period. Their 
W0ri£ revelled a trend toward higher Lhan normal inci¬ 
dences of death From reticuloendothelial and lymphoid 
malignancies. The possibility that chronic exposure to 
low levels of waste inhalation anesthetie agents eim^ih 
tiuftea a health hazard to medkal personnel anracted 
wnirfldwide intered; among heal I h weaker* (Catien et a ! 

I97L 1975; Linde and Biucc 1969; Whitcher et al. 
1971; Millard and Cortwft 1974; Manley and 
McDonei 1980b: Milligan et at. I MO; Dreescn et al. 
1981; Manley et at. 1982). Of part ten tar concern are 
reports that mlnLlaCkul anesthetics are poLcntial muLa- 
ggns. careilHfiCfkk and/or Icrulogens and that fetal 
death, spontaneous ahoniem, hinh defects, or earner in 
exposed workers might result (Ad Hoc Cornmittee on 
Lhe Effort of Trace Anesthetics on Lhe Health of Oper¬ 
ating Room PenCMtaeL 1974; Cohen et al. 1971). To 
date, "the overwhelming eouclusion From both animal 
and human siudic* h that there is no carcinogenic risk 
either from working in the operating or dental suiee or 
From exposure Lo anesthetics"' (Baden and Rice 1994 1 . 

■ | I |he overwhelming evidence fttwii in vitro tests indi¬ 
cates ihut all currently tis@d and most previously used 
anesthetics are not mutagens ... fh^mwer,] two reecni 
(1990 and 1942) studies have shown cytogcnic damage 
in operating room perMinrd exposed to waste anes- 
thetic gases (Nabunjan and Srmihiya 199D; Siadas et al. 

1992)" (Baden and Rice 1994k Oafs to da4c regarding 
human repnsduetiofi effect remain equivocal; a fimi 
cause--uiul-cifect relationship between chrnriic expo¬ 
sure to trace levels of anesthetics and human health 
prrshlems docs IM exist Nese-Ttheless. inicnest in this 

topic remains high ariLl is, fueled by, for example, a 
study in which reduced fertility was reported among 
dental itvsismnis exposed to high levels of n itrous oxide 



NQh 
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(Itowlaml €i al. 1992), For more in-dcpih rev iew of 

pcrtemial hazards to beaUl tare providers., reader* arc 
referred ko Baden and Rice’s 11994) updated chapter Ln 
Miller * A-ni-tfAMKj (pp. 172-] 79f 
The risk of long-term exposure to trace eoncentia- 
times of inhalation anestheties Ifar iIiom; in operating- 
room eonditkHtfi seem* minimal. Hwewer, "even if 
anesthetics have low potential for causing long-term 
soxidlj, exposure of a Large population may represent 
a eoftsiderahle public health hazard ... surgeons, dental 
personnel, and vetennnriam and their teckniml assis¬ 
tants have a variable but sometimes hurry exposure lo 
[inhalainm| anesihetics. The (oml number of occupy 
litmaJly caponed. ur potentially expv^d (WPSriiis in the 
Unilfid SWB each year is. about 225,000 i National 
Insiittte for OceypaiicMia3 Safety and Health (NIOSH) 
I9T7) 11 (BihJeti and Rice 199*1, emphasis added). 
Accordingly, current knowledge is suegesLive enough to 
cause concern and to encourage practices to reduce the 
conUuninaunn by inhalation anesthetic of operating - 
mom peisufufed. Mure inJiimralivni oil dais subject h 
available in anesthesiology teats such as Miller's Awv- 

shctiQ andelswliepe (Leek)* 1977, I9W; Ad Hw Com- 
mrftee nn Effect of Trace Anesthetic: Agents on Health 

of Operating, Rtsnm Personnel I9H.3; Manley and 
McDonell ItiKCta: Ctonsch and Dorsch IW4). 
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INJECTABLE ANESTHETICS 

KEITH R. BRANSON 


Indications For Injectable Anesthesia 
IJisudv 4kii Gni ges tif Injrtliililr Anrt^rfllesrii 
Properties erf Lin Idea! Injectable Anesthetic Drvg 
He Rarhiiiarat«*i 

PentctliurbitLfel Sodium 
Thiii^nlHl Sodium 
Thlulhirbllal Sodium 
Thbiimjal Sodium 

Mi, l L|ii likf \iljil SriXlium 

.Secobarbital Sodium 
IlcxcNharhilal Sodium 
Propofol 
EtflwiilliE 

Oilurml Hydrate 

Chfond. Ilyrfruh 1 and Mai;iic*ram Sulfate 
Gu«!f^n 

AlKbcrin 

Dissociative Anesthetics 

Phencvclbdine Hydroehloride 

Ketamine Hydfuchtorkte 
Tilrtamlnt HydrofMortde 

Mbedflanefnas Agents 
Chiorakwe 
t.'reihune 


Propanidid 

Metumidate 


Slaves ot anesLbc*Ju for central nervous system (C'NS) 
dbpressurtls sire similar in a patient wkeiKT msAdk is 
injected intravenously w admiiuMmd by inhalation. 
Bcfwcvcr a it is possible to* ponded mow rapicHy ihfoujh 
induction with IV anesthetics lhan with almost all of the 
inhalation ucsdidiok Cli nically, a rapid course of induc¬ 
tion is desirable co afraid adiiemenE and straggling,. 
Anesthetics administered iirLravenimbly appear it? 

eufifurni Ur the nllmil" Liv. s uf [issue dihrlrihiilic^n ;md I lie 

same theories, of ■irLivily as discussed for other anes¬ 
thetics. There is no anesthetic agent that produce* ideal 
anesthesia under all Gireiimslurtcea. It is desirable to 
know idvaitsp and disadvantages of different meth¬ 
ods and. drugs producing general anesthesia to select 
4tie Idr td most suited to a particular clinical condition. 


INDICATIONS FOR INJEC TA III F ANPS I F1KSIA. 
There are many situations where injectable anesthesia 


has distinct :uI vantages over inhalation anesLhesia. 
I nduction of genera] anesthes ia and intubation are often 
accomplished most efficaciously by the IV irtj&Clion Of 
a short-acting anesthetic or. in the cave of animal* that 
are difficult CO KAliA. the intramuscular (IM) injec¬ 
tion of an anesLhetic agent. Some minor procedure* 
require only a short time, and injectable anesthesia pro¬ 
vides a sale and efficient means of providing short- 
JuraLum anestltesia. Hie increased Use of OldQSCQpk 
upper ainsay examination has uheO tfKTfeflMd IlK use of 

injectable anesthesia, The use of injectable anesthesia 
allows easy visuali/aLion of Lhe larynx and proximal 
trachea ns well as endoscopic examination of Lhe distal 
airways without the difficulties of administering 
inhalation anesthesia ctmcunenlLy. Large-animal surgi¬ 
cal procedures (especially equine> are often dune using 
injectable anesLhesia since the equipment needed for 
inhalation anesthesia is not readily iraiispiirtaMe. The 
capture and iinjnabilixatkHi of wild animals rely almost 
exclusively on injectable anesthetics or related com¬ 
pounds. Finally, in situations where economy is the pri* 
man,' concern, the use of injectable anesLhesia is altrac- 

iive since there m no need 10 Invest in the equipment 
required to admitiistef inhalation anesthesia. 


DISADVANTAGES OF INJECTABLE ANESTHE¬ 
SIA. Traditionally the depth, or level, of anesthesia 
has been thought 1o be less readily controlled with 
drugs injected irUraveiiousU ot parerileraJly than with 

inhalation anesthetic agents, However, some nf the 

agents currently available have such shon durations of 
action that depth of anesthesia can he readily adjusted 
by changing the admin istral ion rale. 

A major portion of inhalant anesthelics. is rapidly 

eliminated unaltered in exhaled air after administration 

ceases, whereas an injectable anesthetic drag ceases to 
iieE only alter il is. iric Lahi d i rasd and/or excreted. I taw 
ever, use of ultrashc»tt-acting barbiturates and other 
even shorter acting agents, most notably propofols have 

provided better control of IV anesthesia. These have 
made possible safe and aatiriKtoiy anesthesia without 

the use of inhalation agent*. The concurrent use of 
other drugs such as opiates and tranquilizers improves 
the analgesia and muscle relaxaliun. 

Many injectable anesthetic agents a* well as. agents 
commonly used concurrently with them are claxstbed 
as controlled substances under Lhe 1971} Controlled 
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Syb&tar&co Art. This places restrictions on ih c pur¬ 
chase, storage^ M\d use of these drugs. 

PROPERTIED OF AN IDEAL INJECTABLE 
ANESTHETIC DRUG. There lh no ideal injectable 
for inhalation! anesthetic drug available at this lime. 
One CHI, hmi'Ycr. hypothesize whuL properties such a 
drug would have. These tan be divided into physiolog¬ 
ical and pharuwculugiciil properties. 

Edt'ul Fiby slido^k'ul Properties* The isleal injectable 
anesthetic agent should provide physiological home¬ 
ostasis. This means I here should be jk> life-threaten- 
ing changes in cardiovascular and respiratory iunc- 
liun. There should be analgesia dial Ls adequate for 

tk procedure t<i he pafonued. Souk degree ol mu&- 

cle re I jai xl at ion should She produced. The amounl of 

muscle relaxation! needed certainly varies with ihc 

procedure. Finally, an injectable anesthetic needs lo 
produce unconsciousness. Since pain is a psychologi¬ 
cal perception, anything that prtwluces unconscious¬ 
ness will provide some degree of analgesia by 
depressing the activity of the higher centers of Lhe 

brain i Kite-hell \mil 

■ ■ 

Men! Ptuuirucobpriil Properiles. An ideal injectable 
anesthetic slhaild have a wide margin of safety in a vari¬ 
ety of species. Ii should have a short duration of action 
with minims'll mtnhiifc cfibCU the dflUiCM of anes¬ 
thesia could he easily oqiiidIhL The drug should be 
readily mel-iibuliwsl and/or OKRUi Uully by wore 
than one route. And finally a specific and complete 

reversal agent should- he available.. 

THE BARBITURATES. Barbital ytdium and pheno- 
harhual were the find of Ihc harbituric acid dciivafivcs 
introduced into medicine. When used to produce anes¬ 


thesia, ihc major limitation of the earlier barbiturate* 
iva.ii their Long period of aciion. In 1924 Somni fenc was 
used intravenously to produce general anesthesia. Dial 
was introduced during the same year. Pentobarbital was 
introduced in 192b by Page and Onylltt lor animal 
esperimcnLal use: by 1950. iL wl& used in clinical vet- 
ennary medicine. During 192b umoharbitul sodium 
was employed in animals. 

In 1955 hexobarbilal sodium ns introduced and 
recognized us a marked uduuCMKflt in IV anesthesia 
b tcwK of a vary rapid hypvwtk :wtion of hrj^f dura- 

tinn. In 19.14 thiopental sodium was introduced and 
appeared to possess- certain advantages over hcxohmbi- 
tal. In 194b and 1.948 respectively, new ultrashorl-act- 
mg barbituric acid derivatives culled thiaJhurbital 
sodium iind ihiamylul sodium were mlruduced into 

veterinary sedictaK. 

There arc many other harhiturie acid derivative* 

(e.g. P apro barbital, hutaharhital. nqvIutarlHtkl, 
metharbiLal, pmharhiial. talbutal). Tliese, however, are 
infrequently or seldom used in veterinary medicine: 
several of the most widely used barbituric acid deriva¬ 
tive* are listed in Table 12.1. with generalization* 
regarding official sLiilus. duration of action, und chem¬ 
ical structure. 

Intermediate- and long-uciing bubUunm should 

be restricted to sedative ur anticonvulsant use. Their 
long! action preclude* using them for general anes¬ 
thetic purposes. 

Chemistry; The barbiturates arc bitter-taking white 
powder? except for those conniinin^ sulfur- These: 
may have a yellowish lint. Barbiturates are hygro 
icopk ami wilt dRnnpnc on cspL^orv t* uir, heat, 
and light. They should he sL-nred in dark bottles, 
sealed ampules, or colored capsules. Solutions of bar¬ 
biturates decompose rapidly unless stabilised. Boiling 
of aqueous solutions quickly decomposes most barbi¬ 
turates. Certain tlikibarbiturates an; relatively unxta- 


TAB1-E 12,1—Major barbiturates used in veterinary 5 medicine 



Apfmixiinalc 
durnlion 
ur w:Liurt 


Radicals anached 

In e^rhiifi 5 

Official rumuK and synonyms 


k - 

J[ IlhcnrfHarbiLaL Sodium (soluble pheitoharbital. 

l^flg 

Ethyl 

Phenyl 

ic soluble pheiwbarbilonc. luminal ndnn)^ 

| USP 

I Barbital Sodium (soluble barbital. wtuWe bvbiBnie, 

Umg 

Ethyl 

Ethyl 

b vcmniil HMSttth NF 

■•= Amobarbiiul Sodium (amyial sodiunh. USP 

ImcrTnedijrle 

Ethyl 

Isriumyt 

!. PfenhjbiifbiLal Sodium (nemlHilaJ uidiunt!>, USP 

hi 

Kthvl 

L -Methyl huLy] 

SecotHubual Sodium (imad audion), USP 

Shut 

All V1 

L-Melhvl buLyl 

| Thiopental Sodium* (pcnctthal sodiumj. USP 

Ulcrashm 

Ethyl 

fi-Metbyl hulyl 

g Thiwnylnl iwsdiurii* (ifiurila.1 tndiumX, I SI' 

[ ItTiLshiHl 

ALIvL 

L-Mclhjrl buLy] 

45 Thialbarbiifll Sodium* dccmitlml aodion), INN 

mtnihnt 

Atl\L 

TychfiL'Acnyl 

| Meitiohtfxaul Sodiumt ^Bnnl , aaell 4 USP 

UlkubDTt 

Allyli 

l-Methyl-2-pcnlynyl 


•Sulfur mrphrtn oxygen on coition 2 , 
f Methyl L'nnjp regriaeev frydfugen on nitrogen I. 
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ble: idlutiodl of tktt may hr entirely decomposed in 
ib bows at room temperature but will last longer if 
refrigerated, 

Barbiturates are derived from the iwndeprcssunt hnr- 
bkuric ?iir'id Mf nukHiylima, which ciMiLiins a pyrimi- 
(Line ilDCtolU. When ihe hydrogens fin iiiirhon 5 are sub¬ 
stituted with an appropriate alkyl or aryl group, 

depressant activity on 41 k CNS is possessed by the 
compound, A few barhirurie acid derivatives contain a 
sol fur atom attached! to carbon 2 in substitution lor the 

oxygen (hc Pig, 12 Jiy, 

Barbituric add and its carbon 5 substituted dcrivii- 
lim are sparingly soluble in water. Aqueous solutions 
utv weekly Kid and wilt L-Lrinhine with sodium or ocher 
fixed alkalis to form water-soluble sails. The sodium 
atom joins the oxygen atom attached to carbon 2 , These 

sails hydrolyse m wuef in linu alkaline hMhu with 
a, pH uwlly between 9 and I 0 P 

CmvaitOfl of harhicuric acid derivatives into water- 
soluble satLs made possible the IV injection of barbitu¬ 
rates Lhat has been so widely and satisfactorily prac¬ 
ticed in veterinary medicine. 

Several hundred IwNbMtt acid dcfivuivet have 
teen synbeslzedg Uii only a few have survival the rig¬ 
ors of dirtied trill. From pfeanuacologie Bludy of these 
compouidt, ceelaia vdstiMufrips of chemical structure 

and pharmacologic response have tecOTK apparent, m 
eerLain general i Lies are justified: 

1. To be hypnotically effective, both hydrogen 
atotu on carbon 5 must be replaced by an alkyl w <uyl 

group. 

2 . To obLain optimal therapeutic results, the substi¬ 
tuting. radicals on carbon 3 should contain a minimum 
of 4 and a mas i mum of 9 carbons; Addition of more 
leads Id cottvttlsaul activity. 

3. Unuturated carbon chains tie mure readily oxi¬ 
dized iUbd hence are slum meting. 

4 . Short chains are more sljiblc and hence are long 

acting. 

5 . Long chains are easily oxidized and are' shun act- 

Sag, 

6 . Branched chains lend to be shorter tn action than 
straight chains. 

7. Only one and radical should he attached to car¬ 
bon a. 


o 


H 
! 

N 

/(D 

Cl^ 

V> 

N 

| 

a 

H 


O 

$ 

C H11 :■ 

l i: '\ / 

m': 

M)/ \ 

C Hi« 


b-arhicuric Arwl if malonylurcH) 
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N. Replace iikui of lhe oxygen mom on carbon 1 by 
a sulfur Atom increases potency and instability and 
shortens duration of action of ihc compound. 

9. A ttachmen t of an alkyl group to One Of the N 
atoms 1 position I or 3} increases anesthetic potency 
and Lends to stimulate the CNS< Sub^LilTsLmn in both N 
atoms produces a convulsanr. 

10 . Replacement of the oxygen on oubod 2 by an 
HN= group destroys Lhe hypnotic activity of the mole¬ 
cule. 


Central Nervous System. The itwjor action of bflrtti- 
Lur-iites is to depress the CNS. Thto effect is the reason 

for lhe extensive use of barbiturates in medicine. 
Effects upon other systems become impurlanl as toxic 
Limitations to use of the drug are approached. 

F^kIi nf ihc many bwtNtunfflH dtfpretM lhe CNS, 
Clinically Lhey differ in respect to effective dosage, 
time required tor iniLial ellecL. duration ol at'Eiim. and 
method of -administration, t he degree -of de p rt SAtoa 
may vary from nuld sedation -and hypnosis to surgical 
anesLhesia. 

BarMtnntes IhilH enhance and funsrc the action of 


the wmtraBmJtte ^amlnobutyrie acid (GABA), the 
principal inhibitory wurotriitfmltto in lhe CNS (Olsen 

I 9 K 8 ). DtlbilHnm Lie-press the cofttl of the brain and 
pmbabl y the ihabmus. They depress molor men* of the 
brain and thus can be used to control! CLinvukive 
seizures, they -also depress sensory areav aod induce 
anesthesia. Relatively large dosages of barbiturates are 
necessary m deaden the phys iologieal response tn nos- 
ions Stimuli. Pentobarbital plasma enneeistraciniLs nec¬ 
essary lo Abolish the response to noxious stimuli in the 

dog is 23 ± 1,9 pf/mL (Krederiksen el al. 1983 ). 

Numerous investigations have shown a deevew in 
oxygen uptake by Lhe brain following barbiturate 
admlitistmkHL Ufjllutlu nf oiyg^ai by the cortical 
areas of the brain is iruire depressed itum hy other 
regions ol'lhetiNS. In clinical conLcnLraLiiin.s, harbitu- 
rates are the muse pnsent known depressants L>1'cerehral 
os yg.cn consumption (SUCTl And Mrchenl'elthT 1974 ), 

As much as ^ 55 % decrease in oxygen ctNUomptioo 


may occur. 

Baituturate anesLhertcs. but mit anticonvulsants, a hul¬ 
ls li the sponmenu activity of cultured spinal coni neu¬ 
rons: the anesLbetiCH dirccLly idOCU membrane cqn- 
duclance, an cltect lhaL is suppressed by GABA 
antagonists such as pktOlDXin and penicillin (Mscddd- 
uW and Barker 1978). Pntioharbilal is GABA-an imetk": 

i.t:.. it interaclh willi C.jAllA meuptcyrK l-n pnnluce -iin 
increuhc in neuronal chloride enndiKtancc tSaunders 

and Ho 1990 ; Dwfcc a 3 . | 99 fi). A tremor Action rf 

GAB A. an inhibitory neunslraji^miLlcr substance, is to 
iilurejM! ellliind^ periti^ahiLily 111 ]ms[syr|^ptH‘ 

(Lmu 1 IJ. The scdacivc and AnesrheLic prupcrLich 4 if 
the barbiturales are a resutl of their inLeracLion with the 
GARA reccptoe complex, When baribiturules bind to Lhe 
barbiluratc receptee pi»rrinn i>f the GARA receptor coffl- 
pkx. the rate tif dissnseialion of GABA fomi its receptor 
is decreased and increased chloride conductance k 
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maintained. This result* in nenbaue hyperpolariira- 
licm and reduced neuswiid CftrilalbilHy. At the ihirhtu- 
r-aie amccnirjtion incrowc*, hartuctiratcs. cart directly 
activate chloride channels- even wilhnut GABA pre*ent 
The GABA-dependent increase in chloride conduc¬ 
tance may he [he mechanism few [he sedative-hypnotic 
effects of the hurtutuiuLc* while (he GABA- independ¬ 
ent increases re*u-ll in '‘'aPles^hes.^J 1 , " (FMgn and Avram 
l9H}r 11 il becoming more appMHt that there is a mul¬ 
tiplicity of GABA, turhicuraic. and beamdiazepiae 
receptors that arc awieiaJed or linked together in mjuiy i 

wiyt. I 

Trans-missum of nerve impulses al synaptic as well 1 
as at iKurueiTeclor junctions is normally decree ad by 1 
barbiturates; blocking effects of decumelhoniuini and d- 
cubneuftiri ne upon s k e l et a l mutek are increased. These 
effects occur because harhituraics d fCTfUC Ntiel^iliviiy 
of polysynaptic junctions to the depolarizing act km of 
acetylcholine. 

ft ha*. been demunslruted in animal*. particularly 

cabs chat barhitunnes raise the threshold uf spinal 
nfleiJH Lomtig off the thnboU by strychnine tan 
be overcome by tttJbftwato, mo lo the practical elim- 
i nation off crossed Rfkxa. Barbiturates are used clini¬ 
cally wiih considerable WWW in umwwl of strych¬ 
nine poianning and o4hcr onnvulxjint*. 

Numerous. igrwdgiton Iravc directed their wink 
toward fhc eficct of barbiturates upon the reticular acti¬ 
vating system of the CN5. This r yUen L% panicuhnly 
sensitive Co bubhinttCa (Harvey 1975 )l Animals arc 
unable to be aroused or to maintain the wakeful stale 
following administration of hypnotic to anesthetic dote 
levels of burhilumtes. 

K^piriilon t'enicr. Wifh the exception of ihc cal, 
therapeutic dews of harbiturates depress rcspiralion 

slightly, hiii nui iihHre ihjtii u-uuld hv expected Hum the 
general redalKMl produced by tbe drug. In the Cftl the 

marked susccpiibilily of respiratory function following 
hflrhituralc admin istral jnn, wpeewfly Its marked Mock¬ 
ing died upon the retieular formation, may explain 
why this animal reads adversely lo harbi I urates. The 
rdktahr formation ol Ihe cal apparently feeds signals 
or impulses into the medullary control centers govern¬ 
ing respiration. In contras! in u single major mechanism 
in IHftSl either species, mpinlory activity appears to be 
governed ai two levels wiLhin the CN5. 

In many animals, subanesihelac doses ol barbiturates 
accelerate respiration rale (Bmon 1978)1, Conversely, 
large dtRB are uuu'kedly defffHUllt to llfcf respiratory 
center in llse medulla. Duses barbiturate* that induce 
deep surgjeal anesthesia severely d ep tf um frequency as 
well us tidal volume of respiration* resulting in a dan¬ 
gerous hypoxia and respiratory acidosis. 

IV injection of a bart>i(ure» princes a more severe 
depression of res p ira ti on than ihm following LPral 
adminisUatkm, probably as- a result of production of a 
higher momentary concentration of drug effective upon 
the center. The WckmJ concentration inhibiting Use res¬ 
piratory center is considerably In lhan ituii arresting 



the heart. Therefore, when respiralory arresl occurs 
during barbiturate anesthesia, attention should be 
devoted fir's! to reestablishing respiration, since the 
hwt continues lo function for a brief period. Accord¬ 
ing hi Cheaoweth and Van Dyke (1969^ mure animals 
ire hut fnnn failure to maintain an adequate airway 
than front any other single difficulty in wsdlttk In 
mc^t species, insertion of an endotracheal tube can be 
accomplished so that oxygen and artificial ventilation 
may be given when depression of respiration results 
friwn an anesthetic overdose, PenlobarbiLal at a dose of 
approximately four times that producing retpirunry 

arrest niay he adlHlttStered before cardiac finest OCCUR 
in the artificially vcmifeied animyl.. 

Cardiovascular System. PcntoharbiLal is probably 
llhr molt widely used IV anesthetic by biomedical 
research laboratories in a dose of 25-30 mg/kg in the 
dog (Frederiksen er al. 1983). AJthough there m univer¬ 
sal agrccmcnl that tbe anesthetic induces UchyunHt 
4originally thought to Vx caused by ]ls vagolytic aeliv- 
ity in the above dose}, reports- of its effects cm nneria] 
pressure -and cardiac output are divergent. An excellent 
v-Ludy off pentobarbital anesthesia upon various hemo- 

dynuilc purannecer* \%os been coflducted m the dog by 
bfajlders and Vllner(i976); cffecLs upon mean arterial 
pressure, systolic aitennl pressure, cardiac output, total 
peripheral peutain, and he-iLrt race are nmnurized in 
Fig, 12,2 for intacl and denervited (bilateral sectioned 
carotid >inus and aortic mvn) dogs.. Mean iLireriul 
pressure drops from a control of 9] ±2 to S5 ± 5 mm 
Hg at 2.5 mautei; ii retuma n-? ^<mcEMil ai, 7,5-10 nun- 

ulcs and then falls slightly below al 15-25 minutes. 
Sjrtnbc tfwul pressure \y> ligntficaudy Uepiessed fur 
the entire nvcasuremeiit period CanfidK mu pul rises 
from 2.20 ±0.16 lo 2.73 ± 0.24 lAnin at 2.5 minutes, 
then gradwLlly dficUoH. Ilowevtf, it til ^igni fic-aiitly 

reduced below il*e mini wily yi( 25-30 minute. The 
total peripheral resistance dr\sps significantly Mw 
cuntml ait 25 minutes, risn above the control ai 15 
mimibes, ami remain* significantly elevated Stroke 
votume fell* from 33 ± 3.0 to L8 ± 2,S rnl. if* < 0,01 j 

and rcmaimv significanLly dcp nartiL Haul ntc rises 

fiwi Hrt ± 3 lo 160 i 4 bttUMd at 2.5 minulcs. then 
dr-upv gradually to 109 i 5 beafs/dtid at 30 ininutes. 
Myocwdiul mUnctillliy in tbe dog fell* tignlfkairily 

folkiwing pentnfurhital anesthesia, as rellected by 
SCMWyf decreases- m myocardial force (AWA/^ myo- 

cardial velocity, amj slKirieining velocity (Maoden and 
Vjuner 1976 k 

Following httatetaJ Gecdontag of <Ih- carotid sinus 

and aortic nerves, the role of -arterial pressoreceptor 
reflexes in the dog ha.% been determined during pento- 
hmrhiud anusthusia fM;uidurs. and VjiIsmjt ]Vt7hk As 
anticipated, in denervated animals, arterial ptesKure 
drops by a signi Hearn l> greater amount. The mod sur¬ 
prising effect of dnemlkm is absence off tachycaidii 
alter pentoharbiuil aoHlheshL Inasmuch a* heart nde 
doev nut remain elevated du-riog. anesthesia in dcitcr- 

vaied chip*, tlw rnpchaiiLscii for liiuhye^rdia appear* io 
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FIG. 12,2—Qfccti of pm nA rtfi, 3£l m^/L^ ntoTVCMMly, m rh'.ih nrieriml pnwc, ijnfcrtkt arlcru] pceras; caniae-out- 
pul.. Ci^liJ-1 peripheral idilbncr, -and h^nrt nfcof inlacl dug^ (/i• % Kid Ikn) ml ilrTrWlnl Jogs (n ■ ?, duelled- kw)^ * * 
dmfcc njpuficuolTy diffeieni from contort ■ ■ r rynwn of dnamod Jogs iIul n significantly dUhmU from ih™ of 
bmjtf iJkufts. S»± SEM. Intact dogi svere able u> maiutiu arteriAl pmsm twitcr than denc-rvuLtddofL In Ikiili aw q4oHc 
orteriujl pmnR Fell Rfnilirrttfy The heart ndc response in Ihc dcaanlal dogn. wns {filUinly different fhm ihui aftht 
mtirt non, sin h Ivan jaw failed w rue in ihe dcncrvaLed dugs iMunders and Mw 1976). 


In mcdiaied by itrwriil pRHvnptor reflexes ralber 

Shan by a vagolytk effect of pcntohajhical (Marnier* 
and Vainer IflTfi). 

In the Cfllf, Cdrdiik: uULpUl d cjC* IWt jp|hriir In tlkiulpL’ 

significantly Following IV injccticm of a relatively 
small duse of penlobarbilal {Anderson et al. 1972). 

However, a transient bin rigilflcm effect upon pub 

monary suntl vystemk circkiJiilinns may occur following 
adui ini stratum- Off Lhis anesthetic. A pressor response of 
iht pukDoury dreulution is otaervcd, which may he 
attributable ecu a Local vasneonstrieinf effect on i r--r 
ancc vessel s. In contrast 1o a pulmonary prcuhnr cFfcct 
produced by pentobarbital in eaLlle, il appears to have 
no effect upon the resistance ttofik of pulmonary cir¬ 
culation in dojts. Pcnloharbiiid appears to have t viiry- 


in|! effect tin sysU-'jiik drvulitLk«i (Anderson cl uL. 

D 1972). These iiuehi.jl-s CLPlIsisELTiltly ^ih^rv^di Ltdiyv-iir- 

1 dii, which also haft been seen in other Hpeeics. 

The lacUtflttOf s^nineulair filhnlliiLi^n is iouUMif 

espwially when anlllih w subjected to bodi anesthe¬ 
sia and hyperthermia (Blair i%y^. Ventricular fihrj]]u- 
tkm may occur in LOCHt- of Ihc hypnLhemnic animals- 
following adminkstralion of pcntnhnrhital. Il occurs, in 
SM ol the iLnivnuls following adminislralion of 

fhJopnitiL 

In cootrwt to thiamylal-haliiLhane 4inesilw^ij. Ihe 
anrhyihmogenie do« of eptKpfcfiK, dofMmine, or 
dohutamine msccssary at pnxluec venuicalar arrhyth¬ 
mia during poUciha.rhitu,l anesthesia is peater in 
| DOfinolbtn&ic dogs (Uedmarslti and Muir I c ?!S5|l 
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Couequnlly, pentobarbital dttt mot sensitize the 
myocardium lo ciiEtKlhuliimim:- iiktiucird arrhythmia. 

Hu vascular system, capcdilly Lhe vuoamor cen¬ 
ter, lh Affected mm hy Lhe ABCM lmi M l> 1' bmbiluruLe 
acting on it Lhun by the Mai dow given. Rapid IV 
kjccdod of u relatively safe Jose of barbiturate causes 
a sharp Inn transitory fall in arterial pffstUR because of 

the high conocnltation briefly dep^Ns-mg ilie vaxmito- 
tnr center. ] .arpe ]V defies depress the vasomotor OHb 
ter, resulting in peripheral vasodilation wiih a severe 
drop in arterial prann. F-xccssivc IV corKcirLrjtion* 
of bunrbilurules fflty injure capillary musculature 

directly fto such an extent llbn sufficient capillary dila¬ 
tion occur* to indite vascular ihcckr 

PentobarhitaF and streptomycin imeraer to induce 
vasodilation in the perfused kidney and ocher vessels of 
the dog. AdimnislxatLon antagonizes the renal 

vascular effects- of si rep to in ye in (Wpjf and Wigton 
I 47 ll I. J V i rljcCtujd of Cm** antagonizes the hypotensive 
effects- of streptomycin chinny pentobarbital anesthesia 
in dogs. Consequently, the inhibitory effects of amino- 
glyoukk untihurtics- on Cu 1 ^-dependent vascular fune- 
tions appear to contribute to their hypertensive activity 
in intact animals (Adams ct at 14761. 

□Me w indie jIilmi tlkit pcrituhurtaital also iilllucucuK 

ittyocfedill perlormaiK-'e by CV -dependent mecha¬ 
nisms; eg., it appears to decrease funding availability 
of CUT ill superficial membrane sites in cardiac cells 
(Naylcr and Szeto 3472?. Since aminoglycoside antibi¬ 
otics such as sLreptomyan. neomycin, and possibly 
Other* aim uller Ca"'-dependent hndhttl. il is most 
likely thut hflenctioa with p^ntoharbiial occur*. Such 

an intcrueiiou should induce a severe eardiihkpfCAsant 
effect, especially upon the myocardial contractile 
mechanism. 

Intra-arterially, barbiturates, in particular LhiopcnUil. 

produce spurn of the arterial wall to \lw aunt that 

massive gangrene occurs, Accidental inLra-urlerial 
injeUum L^f bwhiltUfltel bat occurred m a number t»f 
occasions- in humans and has resulted in the loss of fin¬ 
gers or the arm from thrombosis and gangrene. 
Thinpcntal has been -shown to cause vasoconstriction in 
the perfused rabbit can this effect was associated with 
release of norepinephrine fm the jin trial wall. Under 

i'i?3 clmuufWKOI should bttbftuillH, c'^jK'c*ul|y ihiLi" 

barhiruraich, be injected inira-ancrially far induetuHi of 
anesthesia. In humans. effect) of an inadvertent.. intra¬ 
arterial injection can be significantly minimized or 
completely prevented by using a solution of thiopental 
no greater than 2lJ%, 

A congeniiaE porphyrin condition ('"pink tooth* \ is 
sometime* observed in cattle. Porphyrin metabolism 

may he tbnubed in normal wrimalt ftwn exposure to 

chemicals such as hexacMorrobcn/cnc, priscafulvin, 
and aminopyrinc. In the liver synthesis of porphyrin 
comes about hy condcnsal ion of sueciny I eociuy me A 
wiLh glycine to form aminolevulinic acid. Formation of 
this add occurs in ituc mitochondria of hepatic cells 
through enzymic Activity (Lee* aminolevulinic acid syn- 
thetAK}* Barhituriiics stimulate greuler pnKbcboo erf 


Lhis enzyme, which increases porphyrin pruducrinn. 
Death may occur in humans because Lhc rise in por¬ 
phyrin levels leads to neurologic dhLurbonccs from 
demydinatkin of peripheral and cranial nerves. Ani¬ 
mals afflicted with a known nr suspected disturbance in 
porphyrin metabolism should nol be ^bjccicd io a bar¬ 
biturate unesLheLic. 

Caution should be taken during administration of 
harhitnratos in ilhnih LhuL hafW bad extensive Hood 

loss. The anesthetic induction doK may dKRW (tin 
2K to 38% after severe heiMc?rrhagc (WsMuff and 
Bogetz imSl 

{taitrolnttaliftti i G1) Traci. As a group, barbiturates 

appear lo depveu activity of Intestinal musculature. 

However, after un Lnitial depresNiun. ilbnitarhii unites 

may increase both tonus and motility. After years of 
clinical use, no important effects such as di+iiihea m 
intest inal slasis have been nmed. 

KidiU'V The barbiturates appear io have no direei 
effect upon the kidney, Lock of renal function does not 
appear to alter the pharmacokinetic* of pentobarbital 
(Davis et al. 147.% According lo Davis and coworkcrs, 

IIhj aiicsllK!liL a ejui he used iil ihigs w l'lJi Impaired renal 

function. Pcntobarbilal elimination is normal in 
humans afflicted with renal failure -iReidetilwg et fll. 
I476J. However, iensitivity of animals to harbituraici 
may be ine moved hy uremia; e.g. a pentoharbilal, hcao- 
biirbitul sodium, and other barbilur-ule sleeping times 
are increased in uremic animals. This interesting pfoe- 
EHMBHHn is due lo a decreased OfMCtty of ihe pfasma 
proaein for hlndiikg ucilUl' lLtu^s such as harbii urates 
By lowering blood pressure, barhtturales can indi- 
rctlly produce oliguriu nr anuria. Only when pro¬ 
longed. as in ov-ermedicuLion. does this effect become 
impDfttdt. A drup in rend blond flow of 4A much as 
42% may occur up in 1 hour following penlobarbilal 

anesthesia, 

There is some widace ihai phcnohaihiuil and OCCtk- 
sionally pentobarbital inhibit water hut nos saline 
diuresis in dogs, possibly through an influence upt^n 
the untidiuretic hormone. 

P-iLffyilyl,, ;i long-flcthlg burbiluratc. is excreted pri- 
Ulily iLiiiLh^ved In urine. The aulMtllUHlt gnujp on cur- 
bon 5 of phenobarhind ftlto i long-aeiiiig biirbituruie) 
is mishuTt co oxid^iiL'Kn by rhe liver or other tissues 
Unaltered long-acting barbiLuraies are excreted slowly 
ctvcr several days, which accunnls for their prolonged 

pCi'in^ds 4 if ;u:liL?ih,, This sluW e&crtfEuipi rtluy I^vkI lo 

eumnlat ivc toskHly when an etCHfliw dw is «tninis> 
tered repeatedly. In the dog. about 20—25% of the tmal 
dnage of barbital is excreted in urine in the first 24 

hour's. A iLrial of is excreted tn urine in h tliLys, 

In humans, as much as 50 l ~r of a du^4 of phcnnhar> 
bital is excreted by the kidney in the unaltered form 
(Harvey 1475), Clearance of phenoharbital is consider¬ 
ably greater in alkaline ihan in nciJ urine. En cajui* 
vores, alkulinizalion of urine with ciKlium bicarbnnaie 
increases the eliininuLion rule l>J' long-acting horbitu- 
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raLcs. Use o t sodium bicarbonate and diuretics is clini¬ 
cally useful in treatment ni intoxication from kmg-Act¬ 
ing barbiturates, 

[Renal damage interfere* with OLCrdcm i ► T Iwig-acE-- 
iiig barbiturates. There- is, real danger of severe depres¬ 
sion and death when these drugs arc administered to a 
patient with impaired renal function. 

Chickens will rec over from pnluhirUlil incslhc^ 

but the avian kidney CMffltes barbital so slowly iliui 

I hey die in cmna fr uni respiratory failure. Since inter¬ 
mediate and long-acting horbiturates are detoxified 
over a prolonged period, they are not recommended lor 
anesthetic use in avian or mammalian species, 


Llm Therapeutic doses of barbiturates haw no sij- 
fljRcant effect upon liver function, In patients with liver 
damage, huge doses of kibitufatH may cause further 

injury. The detoxifying action of the liver has been dis¬ 
cussed above under the fate of barbiturates. 

Uterus -and Fetus* Sedative du&Cs- of barbiturates do 
not influence uterine activity. Full anesthetic doses are 
believed, on the basis of in vitro studies, lo depress 
uterine contractions during parturilinn. However, an 

•equally if not more importune oomtideration is the effect 

L>f barbirUirales upon the fetus. Most barbiturates thuL 
have been studied can traverse the placenta with rela¬ 
tive ease (MLrldn 1975). Lqmlibnunn between maternal 
and fetal circulations, is established within a few mm- 
utes m most dreumslances. 

Pernohurhiial and thiopental in concentration* that 
fail product maternal anesthesia will completely 
inhibit fetal respiratory miweintnls without maternal 

hypoxia prevailing. However, thiopental is not. as 
depfessaiil to the fetu% as- penlobarbilal. Even though 

respiration is, not completely depressed in a newborn 

animal following use of a barbiturate, there is an assur¬ 
ance that the animal will survive. A number of studies 
haw revealed shat the liver in the newborn of a number i 
of animals lacks the microsomal enzyme system 

required to biotransform or metabolize drugs such as 
barbiturates. This important enzyme mechanism usu¬ 
ally begins to develop during the 1st week follow ing 
birth and docs not uUain maximal development until 8 

weeks of age or older, Without this important enzyme 
mechanism to awisi in degradation of barbituratts, the , 

animal must depend primarily on renal elimination of 
the drugs-. Even this route poses a problem because | 
renal function in the newborn is less dfickif dun in 
the mature animal. Clinically, it is well known that a 
cesarean section performed solely under barbiturate 
anesthesia will depress the fetus and may produce up to 
ltMl% fend iii-iiriBlity, 

llonsicme Rekm^ Metabolism. and Clearance, In 

the rat. it is well established Chat the luteinizing fonr- 
iVUNie (LH) and follicle-stimulating hormone rise con¬ 
comitantly on the afternoon of proescnis and that injec¬ 
tion of pentobarbital just before onset of the 
spontaneous gonadocropin surge prevents this release 


from taking place. This phenomenon is referred to ils 
pentobarbitull-blockade (Chap pel and Bamclough 
1,976). LI I role 4 j.se is either suppressed or delayed in the 

normal, cycling female baboon GFtypto sp.) by pcmio- 

harbiial follow ing IM injection of 35 mg/kg (Hugino 

1979), 

PtniDhuMtal aiKsdieda also depresses plasma LH 
concentration in the hamster and markedly elevates 
plasma eofieeiKratioos of progesterone and wnisnl in 
sheep. IJse of pentobarbital in combination with 
halothune e lev a Lev. progesterone and cortisol plasma 
levels in the ewe (Green and Muur 1477). Since biirhi- 
lurates reduce both renal and hepatic blood flows, 
reduction in hepatic metabolism and renal excretion of 
steroidk is partially if mt principally responsible forlhe 
increase in plasma concemrulitMis of pragcslerone and 
cortisol, 

.Metabolic* Hate. Sedative dloses of barbiturates do not 
significantly influence the biasiil mciabottc rote, Dflsfo 

producing surgical anesthesia depress basal metabo¬ 
lism sl y that less body heut i s produced during anesthe¬ 
sia concurrently with excessive heat loss as a result of 
vasodilation. It is important that surgical p;iMerits anes¬ 
thetized with barbiturates be kept warm while 
depressed, especially when overmedieated. Conse¬ 
quently. it is always wise to momtnr the effect of bor- 
bitumle anesthesia upon body tempenilure (Chentwrelh 
and Van Dyke 1969). With a decline in heal production 

during anesthesia and an increase in heat loss owing to 

peripheral vasodilation. Hie anesthetized animal drifts 
toward the temperature of the surrounding environmeiit 
(Luisfcy I9 (W)l A definite hypothermic stole is seem 

when the anesthetized dog is exposed to air tempera¬ 
tures below 27 C (Dole el al. 1968 k rectal itniperaiure 
decreases from L 10 5‘ at ai uir temperature of 27*C to 

10-IS" at an air temperature of IOT. This, not only 
results in pretangalion of recovers’ from pentobarbital 
anesthesia but deaths also occur. During winter energy 
shortages, lower room temperatures in Operating and 
recovery rooms have been responsible for inducing 
hypothermia, and delayed recovery from anesthesia in 
small! animals (Waterman 1975), 

Skdulul Musdc. liarbilurates I particularly pentohar- 
bitiil) suppress sensitivity of the molur cndplalc of 
skeletal muscle to aceiyleholine (Seyaiiw and Nare- 
hashi 1975). However, barbiturates do not compleiely 
relax the abdominal musculature.. If addilional; relax¬ 
ation is required in surgery, curarifonn agents may be 
used, Since sltdetul muscle relaxants Lire not analgesics 
or Lioesthecies, caution in using them unebr 1 k 1 guis« of 
anesthesia muss be avoided For humane reasons. The 
photonkJtor reflex shiKild be checked lo determine 

wlielhei an animal is regaining eonscinu'siie^s when a 
skeletal muscle relaxant is used in conjunction u ich a 
barbiturate anesthetic, 

in the horse. posLanesthetie tbrelimh Lameness 
believed to be due to muscular bschemuL during the 
recumbent phase of anesthesia has been observed in 
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animals subjected lo barbiturate and inhalant anesthet¬ 
ics (Trim and Mason iff73>). 

Abwplton. Baibiiurates an; readily from 

Ik Gl bad;.,The raceof ub^rplkin vanesbul in gereral 

is Faster for :dKnrt-acting and s bower fur long-acting, 
drugs. Although mtrathiHracic administration of barbi¬ 
turates iss rtOC recommended. absorption fallowing this 
route is quite rapid. 

After IV iiijeclton. pentobarbital ill plasrrta reactors 
didribulion equilibrium in (he bruin within 3-4 minutes. 


DtahribulloA. Barbiturates are distributed inure w Leas- 
g.cn4:riLl |y ttrixigbwt the body. Values for the specific 
volume of distribution (V'd.) haw rot been determined 

ai *? 

for manv barfotiurales. Not only would Lhese values dif- 
■ ■ 

fer fur di ffert'iil barbi I urates bul also among the various 

species. In the goat, the V r d for pentot»tf&&] (30 
mg/kg) sdminisleeed imrovcrousily i* 0.72 Ufcg: die 
first-order disappearance rate kinetic constant (Kd) is- 

0.76 hour and the half-life (/._) is (3.91 hour (Bnulos el 

Ifr 

al. 1972). In die dog. the diminaLion-phi3.se halt-life 
± 2.2 hr) of pertlobarbilal is considerably longer 
ClTederilLseu et al mM 

Thinpeutal, a highly lipid soluble drag, passes read¬ 
ily through the Wood-train harrier Soon after IV injec¬ 
tion. its conccntnitHHi in -cerebrospinal flu id and plasma 
of ihe dog is found to he nearly equal, FhowbarbiUil 
and harbital have low partition coefficients and pcnc- 
traJCe the blood-briin barrier much more slowly. CMS 
depression does not occur until 15 minutes or longer 

following IV administration of these compounds 

Thioharhiiuraces are initially present in quite high 
LLineeniraiions in highly perfused tissues (e_g., the 
bruin), resulting in rapid induction of general anesthe¬ 
sia. Hiioburbi Lurates then redistribute to the moderately 
perfused body tisMifts (such Its muscle)* This redistrib¬ 
ution to rttttkmdy perfused tissues decreases Lhe 


bruin concentration to a level which allows lhe animal 


to regain eonsci-nusncss. Further redistribution to adi¬ 
pose tissue from hnnh highly and moderately perfused 
tissues results in the complete recovery from Lhioharbi- 

t urate -anethesk, Since sigh (bounds (e.g.. firey hounds) 

have a lower percentage of adipose tissue, their com¬ 
plete recovery from Lhe thiobarbilurates is delayed. 
Other patients with caches ia or with extremely low 
body lal would also be expected to- have prolonged 
recoveries fmm ihsoharhiturales. (Price et al. 19611; Pad¬ 
dle ford lOTBj, 

Barhilurates dill use through the placenta into fetal 
tissue and may occur m Lhe milk in small amounts. It is 
possible to detect minute amounts of barbiturates in 

body fluids such as plasma and urine as tow a* 500 

pg/mL using radioimmunoassay procedures (Flynn and 
Specter 1972). 


Jvule. Barbiturates are eliminated by renal excretion in 

urine and/or destroyed by oxidative activity of hepatic 
and extraJticpatic tissues. Trace amounts may he 

excreted in milk of a Isctatrlg Icmalc i 


TABLE 12.2—Ik'grudation of barbiturate* by 
liver, bruin, and muscle fora fill! |ig of appropriate 

hurblturute added to nil *iimpkvi 


BiidulunilL' 

Fertcfitige 

IiVlT 

lie slniLl wjti 

BemnUfc 

flestrucliim 

Pcrxenuigc 

Seethul 

30 

□ 

□ 

hiMU * 

5-3 

til 

0 

Plvi:*^uirtiilJ.I 

0 

13 

11 


iScxirL'e: IXirlinan and CiuULhaum 1947. 

^Thiopental sodium. 


Hepatic Mktabolism, Rentotaaifoital and many other 

barbiturates are metabolized principally hy (he hepatic 
micTosonnJ Enzyme system (Pitudeeihal and Cantill 
1973). Disappearance of pentobarbital from plasma of 
dogs is attributed to bioLrartsformuLkiri of Lhe drug by 
Lhe liver as. well ;k redistribution to muscle and adipose 
tissue. Pentobarbital is, T-hydroxylatcd nr oxidized hy 
liver rniernsome*. Evidence indicates that oxidative 


metabolism is not necessarily impaired in patient* with 
poor renal function (Keidenberg. et al 1976). 

Approximately 50% t>f the do« of pemoharbita! 
given i& recovered in urine a* the 3-hydrojty metabolite. 
The race of hjdmxylatinfi or oxidation of pentsjharfohafl 
is increased markedly by pretreuimeiti with phenotar- 

hital. ThinhafhiEura1.es lire destroyed hy the liver and 
exttahepatie tissues, especially in brain and kidney. 
Their destruction in the EXtrahepatk 1 tissues is more* 
rapid than for any other barbiturates (see Table 12.2). 
OKyhsirhiLLiraies are metabolized foy the liver. 

The rale at which thinbarhituraies are metabolized is 


not as rapid as previously thought. Originally, iheir 
brief action was believed to parallel the rate of destruc¬ 
tion by the liver and extraJiepulic tissues^ Metabolism 
of thiopental is too stow lo account for its rapid disap¬ 
pearance from pliiMiiii. Later it became apparent tluit 

the systemic action of (be ihioharibii urates was quickly 

term incited by redisirihution From the brain to other 


tissues. 

Shoet-xiing harticuraies are not recovered front 

urine following sedative doses and in only trace 
amounts at higher doses. Activity of these drugs is brief 
because ol rapid tissue oxidatum. Addition ;d evidence 
of Ihe importiLiice of Ihe liver in dtltnKtiOd of imuay 
harfoiturates is the clinical linding that anesihcsia with 
a short-acting barbiturate may be prolonged! many 
Limes in the presence of hepatic injury or disease. JTic 
clinician should therefore ovoid use of sb^irt-acting bar- 
Niufaiies in patients showing livct disturbances. A dose 

of thiopental or a compuahle uHraaboft-acting barbitu¬ 
rate producing anesthesia in a normal patient for only 
about 15 minutes may anesthetize a patient with 
impaired liver function for several hours. 

Studies have shown that a number of drugs, includ¬ 
ing pemobarhiuil. are rneiahiMized by hepatic mfcrcwo- 
euI enzymes (Conoey 1967), which are tetiid in the 

cndaplusmic reticulum. Activity ul'‘ dreg-metabolizing 
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TABLI (LWKffiTl!i *if rcrt-uin ImirWlunH^ injected inEnutmHixly in d«i?v 


HarimLuralc 

Number 

uf ik^'s 

Do* 

Dunuticift cd 

ajwiiJIhcsia* 

Down 

liincf 

Jteium Id 
nontia]} 

Aiw rag r 
respiifBtoty 
ruLc 



J mrikg) 

(nub |i 

(fflMT) 

tan) 


IHmEi7lKui>iLil 

H, 

15 

2tXI 

232 

3» 

11 

HadMihnl 

12 

40 

m 

m 

340 

19 

ThiopciWil 

12 

2h 

3D 


137 

15 


i ■ 


Souree: Hunt cl al r 1948. 

**iw*ihesia ■ absence of pad reflex. 

ttofi time = Imm onset of uncsihcsia uimiI animal stood. 

g Return Ls> ikwiiuI = tmm r-usel of anesthesia ISitU ihe dbg could. climb slihifs wiithCKW 4UA3&. 


enzymes in hepdlic mkfOsaiiKS may be alhdied by 

sewsral factors; ci.gr,. newborn and young animals pos¬ 
sess only a fraction of (he capability of ehIuJi ini inmK to 
metabolize drugs, and starving the animal significantly 

depresses the activity of hepatic mierewnmes to metab¬ 
olize drugs. Liver mkr-osomiil activity may be acceler¬ 
ated by administration of various drugs {e g-- ptieno- 
biurWiai, pbcfiytoin) to Ihe degree that the same drug or 
others may be metabolized ai a greater rare, e.g., phe- 
nobarbital has the capability of stimulating metabolism 

of other boiMt.urafte&. Consequently, Animals become 
resistant or fiokont to these drugs because of a greater 
fate of metabolism of the (urtiturstc to inactive 


metabolite. This phenomenon has been noted in rats 
pretested with phenubarhlLul; they were anesthetized 
only ] I minutes by frexobarbiuil compared Eo 216 min- 
iris for the control group, Chemical agents such a* 
DDT and other chlorinated pestkside* can affect dura¬ 
tion of anesthesia produced by pcnioharbiiab DDT 

Administered 2 days pour to pcnlohuribital reduces 
duration of anesthesia in animals by 15—50® fCunney 


and Bums 1072). 

Alter exposure to pheiwbarbiltri, it may take up to 7 

months for itos complete dittppeanmee of any me 

induction in the dog. Once initiated. it may continue for 


a long period. 


Species Variation- The race of metabolism of bartri- I 

l unices varies, considerably between and among various 
species.; c.g-. the mouse mciaholizcs hexcsbajbital many I 
times faster than humans. In general, moat laboratory 
animals metabolize drugs mure rapidly Lhan humans. 
The C4UL however. is an exception and requires a longer 
time Domctabuliffle barbiturates. Pentobarbital is metab¬ 
olized ill a rule of 4'HAr in humane compared w iih 

I3%ftvi in dogs -iind 50-*4w in horses. In fUDninanls. 
particularly sheep and goals, pentobarbital i* melah> 
lized at a rapid rale (Bryant 1969 L In sheep, pentobar- 
biCcfeL is cleared from ptedtt at the rate dfutwul 49ft /hr. 

and thiopental is cleared iii about 17^/hr following tis- 
sue equilibrium. The mean biologic half-life of penltv 

barbital in the plasma of sheep is fiti.tt ± 16 minutes 
( Sanies -and Bogan I'974). The difference in the rale of 
metabolism is the primary canoe of die differences in 

the duration of action seen when pentobarbital is 
adminislered to various species. The reappearance of 


CNS reflexes occurs at similar plasma levels after pen- 
inhiirbiml 8 wuheAt« in goar-s and dogs, but the time for 
the return of those reflexes is much longer in dogs 
(Davis ci al. 1973), 

Prelreatmenl of -sheep with phenoharbital does nut 
influence in vitro metabolism of hcMbwfaitaJ, or pento¬ 
barbital (Shelly et tiL L972>. Apparently,, sheep are 
incapable of inducing a mure rapid rale of neldxHtffl 
in an already active mjcrewnraia] enzyme system. 

Tolerance- Dogs became tolerant to several hmhitu- 

retes s* determined by the reduction in aiwslhwa time 
of a given and frequently repealed dost. Cmss-loler- 
flnee for aJ3 barbiturates occurs with a tolerance devel¬ 
oped Ed one barbiturate. Tolerance is sUd lost by with¬ 
drawn] of the drug. 

This is known as phannacodynMik tHriaincf, As 

applied In barbiturates, ihis involve* adaptation of nerv¬ 
ous tissue In the presence of the drug (Harvey 1973). 

Development of tolerance to harbituraies in dogs 
would he of interest only in clinical eases- where seda¬ 
tive doses of barbital or phemibarbiLal have boon given 
regularly for prolimged periods. 

Slimukliflll nr induction of vtiiciuKomu] en/yme 
activity in the liver markedly affects dural ion of action 
of barbiturates. The so-called development of tolerance 
that occurs after a brief exposure to biirbilurnAH m low 
dosage b due to enhancement of nucremnal enzyme 

activity. 

Duration of Ihpressanl KffccL Dural ion of action of 
two IV barbiturates IpenlohajbiUl. thiopental) com¬ 
monly used in veterinary medicine is illustrated in 
Table 1 2 J. The same depth of surgical anesthesia was 
obtained for all drags, with a dosajse carefully deter¬ 
mined by previous trials. 

Duration of the depreuul actions of orally admins- 
tered barbiturates is illustraicd in Fig. 12.3, which is 
based nn more lhan 1000 Inals in dogs (Swans™ 
1944), Other factors to te considered are nutritional 
status, age, and individual variations in (he animal. A 
sinned animal is much more sensitive m hurhi l urates 
because of a reduced obilily lo melabidi/e them 
(CbertDWeih und Van Dyke l9b L >i. Nmum and young 
animals are lox uhle ll> nkruhidi/L.- hinlniuiiLics ihitn 
adults and therefore will be anesthetized much longer 
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TIME f OR 
COMPLEY E 
DISAPPEARANCE 
OF SYMPTOMS 


Tim# of 

AppeoroiK^ 

Adminiilraflen 


Durahan 

fioun 


HG. 123 — Time of appeannKc, m onesifcsia. intf time needed for tomfrfeic digvppwinc? nf lyqAns after oml 

wfriiin titration of equivilnil single nrwMhctic Jws in animal* (Smm FM4 l cmwtey of'rtie l ilfcy Rncidi Laboratories) 


iand recover more slowly frocm Lhc depressant effects. 
Even Uhe influence of cbcodlun rtiylhm t an appreciably 
affocl the depth of depression and duration of anes¬ 
thetic jictiun t Simmons et ml. 1974). [n DOdunul iioi- 
oub such as lafcoraicey rodents, the hazard of drug- 
iiHiuLTL'Mi mortality is inn reused at night and recovery is 
prolonged, individual variations exist not only because 
of age. mix, weight, and nuttftkmaJ status Imit also with 


respect lo Ihe degree that microsomal enzyme induc¬ 
tion Is affected; thi* may vary qualitatively and quanti¬ 
tatively umung individuals M well as arming species 
(Cktttmdl aiid Van Dyke 

In addition to specie* wialiati, there are differences 
within Lhe breeds of uni minis with respect to duration of 
action Eif hafbiturato, For example, nhioharhiiurates 
induce longer anesthetic effects in Greyhound dogs 
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than in mdud bfttdfcs (Sains ei ul. 1985), Meliiohcxitai], 
;iii oxybarbiitirsue,. induces a shorter period of anesthe¬ 
sia in the Greyhound than thiobarhituraie* such as 
thiopental «thiamylaJ, 

As long ago as 1962. it was known that chloram¬ 


phenicol enuld prolong Lhe hypnotic addon of heXGbir- 
hital in mice and staw its rate of biuUiuisfurmatiun. 
Durati™ of the depre-vvam effect of pencofciifhital is. 
prolonged by preLreulmenL or concurred administra¬ 
tion of chlurampfumiasl (a briml-speetrum aniilwrter- 
iul agent) m lhe mouse, rat, dog, Clh and monfccy 
(Adtoms 1970; Adams and Dixit 1970: Tfeskc and Carter 


1971 ), Chlurampheiiiicol suppresses or inhibits hepatic 

microsomal enzyme acLivity. If it is given immediately 
preceding administration of pentobarbital iri the dog 


and cal, a 1.20% increase in duniliun of anesthesia 
occurs This effect can be ppoduced hy relatively small 
quantities of chloramphenicol and can be detected as 
long as 24 days following the lusL 4idniiilisErimuii of l he 
antibiotic agent. 

If an animal has had a recent history of being treated 
with ehtorampherdeol, pcwiharhitai should moi be 
used for induction of anesthesia for at least 25 days fol¬ 




low ing. Since- duration of anesthetic action of thiobar- 
hituralcs dines not appear to be affected by chkiram- 
ptienieol I Adams and Dixil 1970). their use should be 
safer lor induction of anesLhesia, followed by rnainte* 


nance of anesthesia with inhalant anesthdic*, Never¬ 
theless, it is advisable to U« thiobarbifttrates ennserva- 


Irvely following tdminiilration of chloramphenicol, 
Studies in mice given chloramphenicol sodium succi- 

naie simultaneously with Ihimnylul indicate that sleep 
is about |[> Limes longer compared with sleeping little 
in anihiaK glwi fhi&mylal alone (A^edipi ct *1, 

1980), 

The anesthetic action of barbiturates, but not of other 
common depressants, can be perte misted by IV or 
iivtra peritoneal injection of dextrose-:; froCKWe; intemie- 
diaiy metabolites such as Inc Late, pyruvate, and gluUi- 
mate: and a. few other substances of diverse- nature, The 
lactate, py ruvate, and glutamate are known to increase 
the raie of cn.uanee of barbital into the brain and thus 
increase cerebral depression, It is probable LhaL dex¬ 
trose, fructose. and other substances act similarly This 
reacOon can be inhibited by administration of acetyl¬ 
choline. which deccell permeability and 
entrance of barbital into Lhe cortex. Clinically, about 
one-fourth the dogs jusi recovering from pentobarbital 

TB sS 

anesthesia can be reanesthetized by IV injection of 550 
rnp/kg lactate: about one-half will give a partial 
response, and the remaining one-fourth are refractory. 

Other studies reveal tfut dove* of glucose of 200 to 
greater than 600 mg/fcg administered intravenously in 
the dog fail to influence the mode of respiration or lhe 
eUx’liuencephalognuii (EEG) shortly after induction of 
surgical anesthesia with pentobarbital (Hamlin ft ill, 
1965) a Fear of embarrassing ventilation or depression 

of cortical activity through u “glucose efiecT should 

not contraindicate infusion of glucose. However, ihis 

aoduskm may require some modification (Hatch 


1966). According lo Hatch s study, rapid IV adminis¬ 
tration of glucose in the dog that is regaining voluntary 
movement from thiopental anesthesia, results in immo¬ 
bilization of 11% of the subjects. Ibis period of appar¬ 
ent reancslhetiziilion represents about a increase 
in sleep lime. Sodium lactate cause* a similar reimmo- 
bilizaitHI in 39% of the dog* w ilh approximately 50% 
increase in sleep time. Epinephrine produces rcimmo- 


hi li/atsnn an about 85% of the animals with an exten¬ 
sion of about 40% in total sleep time. Hatch 11966) 
concluded that the possibility of producing reaneslheti- 
zalion with glucose, sodium lactate* and epinephrine 
need be of no practical concern as long as these sub¬ 
stances- \m used properly. Improper use of these com¬ 
pounds especially in lhe prose nee of longer acting bar- 
biiurste^, could load to a dangerously prolonged period 


of incapacitation. 

Influence of adrenergic agents upon ree&vay of 
dogs anesthetized wiili thiopental and meihohexital 
sodium has been studied by Heavner and Bowen 
(l%Bh Administration of epinephrine and isopro- 
lerenol at the time dogs are recovering from thiopental 
anesthesia results in reaneslhelizatnift, This [• effect is not 


seen in animals recovering from uKthoherital anesthe¬ 
sia. Reaiiesi heti zackui of dogs rec o vering from thiopen¬ 
tal has not been a^OCUted wilh a- or |3-adrencrpie 
activity, Heavner and Rouen (3969) believe Lhere is a 
possibility lhai epinephrine produces a peripheral anal¬ 
gesic aclicm that is responsible for die rezmesthelizalion 
because depression of the sensory cleclnmiirograiri of 
lhe superficial radial nerve is induced. 

ReinducLion of thiopental anesthesia is also induced 
by iidministmliori of high doses of aspirin and 
phenylbutazone in the rat (Chaplin ct al. 1973). These 
nonsteroidal anti-inf] ammatory 4igenl s d i xphice 

thiopental front rabbit plasma prcueina in vitro. It is 
unlikely that Kinduction of anesthesia by these agenis 
is us marked iii animals ihat have received pentobarbi¬ 
tal becwiu its bindidll lo shqep plasma (36%) is less 
chan the binding of thiopental (67%). Nevertheless. the 
sleep time of pentobarbital in small laboratory rodents 
can he significantly increased by sulfonumides (sul- 
f4ivtiilamd.de, &!ilf;siiiL-ilw4irw, iulfaethylthi*?:olk salicylic 

acid, acetyffllkylk acid (aspisiin), sodium salkylaiBp 
and dfixyey-eline. All these drugs displace pentobarbital 

and other barbiturates from plasma proteins, which 
leads to w increased blood level of unbound biirbiiu- 


rale for furtlkcr depreswmt effect upon the CNS, With 
the increasing number of phamacologj used in 

thcrapeutk procedures., the clin ician needs lo be alert lo 
these pOLciiti-u] drug iiiLcructioiis. 

Ihvcn lhe [yjsc t>f bedding upon which .in iuniillal is 
kept has a marked el l ed on ancslhetit dosage and 


duration of ajtesLhrsiu. Softwood bedding mh.Ii as 
cedllf or pine shavitags induees drug-rnetabidizing 
enzymes in the liver, ihns reducing the period or dura¬ 
tion of anesthesia. 


Dural ion of lhe depressant effect of barbiturates is 
also generally increased (except For barbital) by 
hypothermia (Blai r 1969); the activity of pentobarbital 
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ik greatly enhanced, and sleeping time in the dog at a 

body tefH(KCatUfe of 27 C fe 3.5 timet Lhal uf the nor- 
mottwnic sLetpiii|i tin, Consequently, utonji mie- 

thir-d flf thef nonnal dtH*e of pentobarbital in required to 
maintain a specified level: ik f anesthesia al Ihix Lempcr- 
ature (Blair 1569). Inadvertent hyp»:p4hcrmia can be 
Avoided by frequent or continuous temperature moni¬ 
toring umJ by employing winning boards, witer nuit- 
(ftw. or otter such devices (Luteky I960). 

Li?^ uf thiohjirNturates m maintenuce of anesthesia ! 

■ 

eajinni he supported or condoned t Hodman <ui aL 1984)., ; 

Their continuous use in maintenance of anesthesia will ■ 
result in prolonged and unfavorable recovery. I 

l 

\ nesthclic-Anlihiutie Inlenn-linn. In cats anes- L 
thetLzcd with pentoharhila.1. admi nisi rat ion of 

neomycin Induces a complete neuromuscular purely vk 

| Adairs and Mai he* 19741, which is believed to he doc 
to the persistent binding: by neomycin of {V-receptive 
sites iil Lhe motor end plate of skeletal muscle. Apnea 

and deodh have abo occurred in adihydroslreptomydn- 
tftaled dog that was originally breathing spontaneously 
during recovery from pentobarbital anesthesia (Adam* 
and Bingham 1971 )l The above examples illustrate 
problems ihai may occur in a paiiem seemingly recov¬ 
ering uneventfully from anesthesia rm^cl surgery. The 
margin of safety of neuromuscular transmission should 
be considered when anesthetics, neuromuscular block¬ 
ing agents, and antibiotics that depress neuromuscular 
function are employed in multiple drug regimens 

( Adam* ct ml. 1976). 

The effect of chloramphenicol upon suppression of 
microvomal enzyme activity rod ihc depressant effect 
of pentobarbital MHtbcn ha* been iHuftwd. 


after the drug is given. Mechanical obstruction of ihc 
airway must be avoided. especially in brachi-ocephalic 

breed* uf dugs. Artificial rtHpintiOfl W-ilh ItHK.S irtyggn 

should be administered ilp prevent hypoxiL Although 
less reliable than uac of oxygen, dtuufNim w otter 

analeptic drugs may he used to simulate ihc respira¬ 
tory center. 

■Shorter-acting bahhunlct such as pentoturhilal are 
largely destroyed by the liver and therefore should not 
be administered 1 o animals with hepatic disease. 
Fatinla suffering: fn.nn shuclc and toxemia have n lesser 
margin of safety ihan normal aaifulg. The newborn 
cannot metabolize hsuhiluralcs as readily as adults and 
consequently have a lesser margin 4 if safety and are 
subject Ln more prolonged effect 

When hurttiiurales are injected iniravcmus-ly. ihc 
lethal dote varies- inversely with rate of injection. The 
morn rapid iljectiM results in a higher local blood con- 
cenliation that is able 10 paralyze ihc viul urtcdalllfy 
centers. The amount administered actually would nor 
be u kdul dtw if injected sknvly Fatal doses of pen¬ 
tobarbital cause some inflammation ol the vital organs., 
congestion of Lhe brain and meninges, -and perivascular 
hemuHiage and edema. 

A drug Interaction has been reported in unite 
teemed wiih cyclophosphamide, a pH n§e?ili itullneoplis- 
Lic agent of the mu^Lard family, and harhimrares 
-l heioharhil al, phe noharblca I pc niobarh i I al}. A n 
increased Lethal Ley occurs- when barhiluiaic* are 
administered ecmcurrenlIy with cyclophosphamide 
(Rose ci iil. 1973). Skice cyclopboqiluuide 3i being 
used increasingly as an antincoplastic ugeui in ani¬ 
mals, the clinician must remember to mud use of all 
hnbtnnKi in such cates. 


Margin of Safety, All hurbimnaces seem (0 pift**sx 
approximately the some margin of safety between the 
anesLbctic dme und the median lethal dose 
L^ing recomueoded techniques of AdknhristeatioOT 

W-TM of the 1-D y| is needed to mtlKtra an animal. 
Apparently no hfirhituraie p m hw a markedly advao- 

ugeoLis margin of safety over any other when the anes- 
ihetie dune ;iiiil Lhe LD are compared. However, fewer 

pMadHtbetic compUcukm follow use of iS*o iboOcr 
acting bitf bimraLe^ because of the reduced incidence of 

hypHlflftfc CEingijsiiLHi, whieh Uifh.11 leads il> eardinpul- 
memury as well as other complications. 


TorkoiofY. Barbilurate* produce death by depression 
of the reypiratury center, which leads tu- cessation of 
respiruLion. As Ihc ^evenly of (.'NS depression pro- 
greisev. respiration iMCflDU shallow and Blow. Tlk? 
pupils d-ilate us hypoxia dmlopL A mk and rapid 
pulse exist*. Relieves disappear and the skin is cold and 
cyanotic. Sometimes- lhe respiration stops abruptly fol¬ 
lowing ichi rapid IV Direction i if U h«rbituraie, fidlow- 
ilig this, lhe heart continues m beat hridly until 
hypos.su and hypercarbia CUK cardiac urresL, More 
oflen, brealhing continues at a progressively depressed 
rate and amplitude until it slops within a few minmc* 


IVnlEihiirtuliiC &udtiiiifl. luimediulvly after its iillrcv 

duclion fc /V^robarUhEl Scdunr, USP (Nembutal 
sodium. RenEuborbiCuiK sodium. So.gatal. Nupentalk 
was widvly Bc ce ptal In veterinary medicine us a surgi¬ 
cal anesthetic At ok time i-i was the iiKiq widely used 
aitoMhelic ageill in small ankmab. 

The structure of poilobarbitaJ is similar chemically 

to thiopental sodiuiu. The presence of the oxygen mom 
in the pi'iihiharhiiial mcjlvcuk i|iste;bd of a s-ulfur atoni 

is the differentiating characteristic of tin. 1 two barbitu¬ 
rates {sec Fig. 12-4 for Che comparative siructural for- 
mulasj. Ihc human formulation t Nembutal i uses 
propylene glycol as a vehicle and has been associated 
with mLruvasailar hemolysin when administered intra¬ 
venously lo animals jL doses sufficicul to produce 
UUdKlliL 

APMMSTRATDON and Oral Do^a^el. Pcnrobiobital 
can be admiuisLcred orally 10 carnivora Lo produce 
tehlkHu If the stomach is empty, tte dreg may h*. 
given orally lo produce surgical anesthesia in about 03 
hour at u dose level of 28-30 mg/kg. Oral administra¬ 
tion in tin h,L produced haeral rcuumhcncy In five of six 
dogs, in ;ifl avenge of 59 minutes ,%\ an tvenie dore Lpf 
63 mg/kg (Ramsay and Wetzel 1998)- 




material 



CJtapVr >2 t injfxtabi^ UUIUIH3 l Ktilh R. ftnucn 



N 


Na—S—C 


£ 


o 

c^c*h 5 


\ 



EE 


V\ 

C CHCH*CHiCH 


O 


CHj 


Tii -Sodium 


N 


Na—U— C 


£ 


\ 


N —C 


Q 

CzHj 

C 

A 


FE 


. CEfCHjCHjCH-j 

■ 

°CHi 


IV niis4fcarbir.il Sorli umi 


FIG. 12.4 


INTR APEiRITONFAL. 1 ntraperitoneal inje-L'l ion of pento¬ 
barbital has been widely pruclicd ifl small animals hue 

nsiw i* limned primarily to choAe difficuli fa restrain far 
IV injgctfans. such -is rodents -ih'.L other small labora¬ 
tory animal*. The dose generally employed is 28-30 

mgfleg up to 15—16 kg, but is reduced some what tor 
heavier animals.. Depression appear* in about 15 min¬ 
utes and persists an some measure 4—51. hours. 

INlltAVENUUA. IV injection of penUitwirhiliil is life 

mcis! saffiilMOfy method of adnun^ralion far produce 

lion of anesthesia. This- route jteuerulK can he used in 
aill species- and is most often preferred in veterinary 

medLrine when; restraint of she patient \% pfaetieahle. 
By this method in 3 dose is not inflexibly *ei by weight 

but can be fitted to the individual susceptibility of the 
patient or administered "to cflctf as judged by disiip- 

pearaiKe of normal reflexes. 

The TV dose is determined by the response desired, and 

the drug is given until the desired effect is,obtained How- 
ewer, the umlhctic dose approximates 24-33 mg/kg. 
Once the anesthetic is injected, it cannot be removed 
Duration flf pentobarbital mttslheaitt in the dbg is 1*2 
hours (Leash 1969k 4 or more hours are usually required 
before yn iiiuiriui is ainbutiiiLiiy alter *ui I v iiyevtfan. 

Injections should he made carefully m n \oid acci¬ 
dental perivascular deposit. of pentobarbiLai, since it 
i m Lutes the 1 issues and tKiuskmftlly causes sloughing. 
If a perivascilar injection erf she buib-humic inadver¬ 
tently •Dcoura, the area should he infiltrated with I or 2 

niL 2% procaine hydrwhluride or 2 r S I idwairte 
hydrwhloride solution 1 1 eash 19-69), ff these whuiofi* 

are unavailable, infiltration w ith a physiologic saline 
solution may be of value in reducing tissue irritation 
mid e^'iilual sloughing 


An IV injection of a ami! dose of pentobarbital 
may be used lu product hypnosis or sedition in avoid 
the fright, excitement- and resistance to rcstraini that 
are so dangerous and objectionable in handling a 

palicul. This sedation cun he followed by a local or an 
inhalant anesthetic. 

nrnuMtmiAlL faiRutarbihil im been suggested 
v ia the IM rattle ill the dog (Leash 1969). Doses rec¬ 
ommended arc 20 rng/kg far basal anesthesia, 30 
iiig/kg for moderate anesthesia, and 40 mgfltg for gen¬ 
eral iifK^ttiexia However, this rutile of admimstralion is 
niii recommended because of the I likelihood of tis-soe 
iciimion and variability in effect, 

IntkathgkA t*tc, Barbiturate* have been administered 

by the inlrathonicic route 1o animals such as the cat. 
Situ# trauma, pleural irritation, and parenchymal nfiCre> 
sjs erf flung tissue can occur folkwing the in tra thwack" 
im|eettOfi -of barbiturates, this route is nut nscuunmendtfd. 
This method is sometirtitt used for eulliatfta-vifl of ani¬ 
mals when IV of tidier routes art iMCMJSibte, 


CLINICAL Ust, Although pentobarbital is used in a 
number of species, it is approved by the US Food and 
Drug Administration (FDA.) for u-m: only ill the dog and 
CM. 


DOC.'S AND CATS. Pentobarbi Lai is frequently used us 
an anesthetic in the dog and eat. However, u is not 
without toxic effects that require constant alertness by 
the vcberimuiaij. For brief anesthesia, pentohuHbilaJ is 
surpassed by the uttrashurl-acting barbiturate" of mute 
recent iiHrodufilkHL For I V anesthesia in the dug, about 
24—33 mg/kg of pentobarbital in about 3-6*4 aqueous 
solution should be Used, The average EV dose for dogs 
is approximately 30 mg/kg. In the cat, the recom¬ 
mended IV dose is 25 mg/ig with an additional 111 
mg/kg if the Emend dose is inadequate i-Sirobel and 

WoIIman I960). 

Approximately one-half the anticipated dose should 
be injected aL a moderately fast rale so Ihfll stage Ilf or 

Lite excitement stage, of anesthesia is bypassed. A 

pause for a few seconds to li minute is recommended hi 

allow the drug to es.cn its full effect. Thereafter. the 

petdnhaibital must he injected to effect. It is adminis¬ 
tered slowly in repeated %mall amounts over a period of 
2^1 minutes with continuous obsenatiufi of reflexes 
and respiratory activity until the desired depth of surgi¬ 
cal anesthesia is obtained. Induction of anesthesia 

bninvenousfy i* generally uneventful; however,, delir¬ 
ium or excitement us seen in stage El may occur if the 
Lmtiu.1 dose is inadequate, 

Sometimes m IV injection must be stopped in ihe 

presence of shock rar toxemia. A given level of anes¬ 
thesia will persist for about half an hour, all it which 
depression decreases, with complete neco^-ery in 6-24 
hoilR, Some doga show oiinsiderabk delirium or 
«K.eitement during recovery, as manifested by whining, 
barking, attempts to stand or walk, and kg paddling 
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movements. Naieotic analgesics or phervrithiaz.ine ir^ui- 
quilizers in combination with harhituraie anesihesia u?c 
alien used to eliminate this undesirable behavior 

(Leash 19&9), 

Basically, the procedure for induction ofpentobarbi- 
mJ aiKsihwia in the col is similur to ihat described for 
the dug. The anesthetic dose of pentobarbital by the 3 V 
nuuLe is run appreciably dilieienl on a body weight! 
basis ih:m lh»t -i' the canine specie^. S croak' cats i 33 
mg/kg) arc more susceptible to action of pentobarbital 
than males HO mg/kg). In [he newborn kitten, pento¬ 
barbital is an inadequate anesthetic, since the depth of 
anesthesia is difficult to control and recovery time is 
extremely prolonged (Sis and Horen 1972). In the 
adult cat, recovery of the righting reflex after an IV 
do-se of 30 mg/kg pentobarbital occurs in 270 ± 52 min¬ 
utes; recovery of the corneal and flexor withdrawal 
reflexes occurs at 25 ± 8 minutes and 3| ± 13 minutes 
respectively (Child el at. 1972a). 


Pv&nedkaiwn. SDmelimes it is difficult to intra¬ 


venously inject an excitable dog or cal lhal has not been 

previously ntedicatad w ith a depressant drug, Without 
administration of 3 prcanesfhetic agent. the average 
dog requires 28.6 mg/kg pentobarbital to become sur¬ 
gically anesthetized Us* of preanestbelic agents not 
only render* Che animal easier to bundle and treat burl 
also decreases the amount of barbiturate up to 50% or 
m ire for surgical anesthesia and reduces the likelihood 
of excitement during recovery. Xyla/inc, used as a 

scdUKivc preancsthetic agent, decrea-«s the dose of pen- 
tobarbitBl necessary to induce anesthesia in dogs up to 
78% (Hatch et al. 19*3). 

.In severely toxic patients, pentobarbital alone should 
not be used to depress -a patient beyond the beginning 
of light surgical anesthesia. It is much safer to use pre- 
anesthetics to reduce the amuunL of penh^iurbital 

needed, In many instances the safest anesthesia in toxic 
palicnls is obtained by premeditation with a narcotic 
analgesic nr a short-acting barbiturate followed by an 
inhalant anesthetic. Atropine sulfate is an additional 
preparation that should be used routinely prior to bar¬ 
biturate anesthesia. 


Ctuamf of CffihMMt'diW- Pentobarbital is an important 
drug For relieving convulsive seizures, especially w ben 
Caused by strychnine Ot Other COnvulsuite. IV admitHs- 
i■;i.ii >.111 is preferable because a better balance between 
convulsani and depressant Influences can be obtained. 
In the dog. pentobarbital is antidotal La as much as 15 
LD af strychnine. 

Treatment with pentobarbital of convulsions induced 

by lidocaioe h y dro c hloride in the dog results in a detri- 

inental or lethal interaction i Caron md Le Loner 1979). 
[f is quite well known that lidocainc, a local anesthetic, 
has general anesthetic properties. Studies in the lute 
1950s in humans revealed that I V iidocuLne reduces the 
amount of barbiturate (thiopental) required to accum- 
plish smooth JUKSlhesia by tJtil . Unlike pherujbsirhiLaL 
a dose of peniubsubiial that will produce uncoil sc ioti&- 


IKH is needed to control seizures (Macdonald and 
Barker 1979). 


Lethal Do jwj. The lethal dose of pentobarbital in Ihe 
dog is 85 mg/kgorally and 40-60 mgrteg ini ravenously, 
Tbftfco&is, including death, has b«n reported in dogs 

fed uncocked meat from a hinse euthanatized 8 days 
previously with pentobarbital (Policy 1 And Weaver 
1977 ).. It is unlikely lhal cooking inactivates pentobar¬ 
bital ill meat, since the chemical is considered to be rel¬ 
atively liable. Animals eudunitiAed wiih pentobarbital 


and rendered in a steam-jaeketed cooker for about .! 
hours m 127-132 C show virtually no degradation of 

the drug (O'Connor cl i| r L985f 
Toxicosis in a hitch has been reported from ingesting 
a puppy euthanatized by pentobarbital (Fueei et af 
1986). Indiscriminate disposal of that eoirtflin 

lai^e quantilies of haitiiluraces should he avoided. 


EjAhdmuier. Several barbituric nd derivatives may be 
u-sed in euLhunusia af small Animals-. Of the barbitu¬ 


rates. pentobarbital is moot commonly used (Report of 
the AVMA Panel an Euthanasia 1993). 

The lethal dose for dugs, administered intravenously, 

is generally regarded as 40-60 nic/kg or approximately 
double the dose used for surgical anesthesia. Both res¬ 
piratory anti cardiac arrest occur following successful 

euthanasia. 


COWS and a tonsils. Pentobarbital wilt produce surgi¬ 
cal anesthesia in the horse, mule, and! cow as well as 


other large animals, but its use alone \% not generally 
monmended. Some excitement may he noted, even 
wiLh rapid induction. At the completion of IV injcctian 
of perstnbarbiLal alone, the horse sometimes rears and 
fills over backward, injuring the polk Pentobarbital 

produces prolonged peris^ds af recumbency and usually 
excitement during recovery. Ijtrge animals make futile 

attempts to stand before they have recovered complete 
control of their locomotor activities, and dangerous 


struggling occurs. 

Pentobarbital bus been used with greater success in. 
fouls and small colts for sedation I'e.g., while taking 
radiographs) and anesthesia. Minimal excitement 
occurs in some. 


Pentobarbital can be used in huge IfllflUlf us a Hdl- 
tjve, or it may be used preoperalively in combination 
with a local anesthetic. An J V dose of I —1.4 mg/kg pro¬ 
vides a marked sedative or hypnotic action, sa with the 
aid af ll local anesthetic., several Standing opcttfltolls 

cm be performed if desired. 


SWtfC, Pentobarbital admin islered by IV injection 
provides reasonably good anesthesia in swine weighing 
less than 45 kg. Above this weight, pentobarbital 
appears lo have a considerably lessened margin of 
safety The tendency in tlw USA h to sdkndoiRtor only 
sedative dosages tif pentobarbital intravenously in 

heavy swine and to follow this with Local anesthesia at 
the surgical site. Since respiratory depression is readily 
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induced in swine following barbiturate anesthesia, 
hypoexia and hypoventilation can be prevented by use 
of oxygen. 

IV dosagci of pentobarbital should be fitted to each 
pittienl or administered to effect by observing Ehfi di£- 
appearance of reflexes, Slow injection of die solution is 
essential* RfiCWCfy generally requires ((WO minute*. 

Pentobarbital appears to have a considerable margin of 
safety in pigs of 10=22.5 kg. It hits been determined 
ihui 24 mg/kg produces anesthesia suitable for most 
kinds of surgery. For swine weighing aver 99 kg, the IV 
dose should he no more chan L*j_8 mg/kg. For castration 
of a targe boar where brief light anesthesia is rapiinaL 

only 9.9 mg/kg via tine IV route h seeded, 

Pfcncnharbilal is also administered inLraLe>iieularly to 
achieve anesthesia for castral,ion procedures I Henry 

1968). A dose of 1,5 mL (450 mgj/10 kg ivniubarbiial 
(300 mg/mL cunceiitrariun ac a 30# solution> is 
injected ado each testicle with a maximum nf 20 imL 
per testicle for a very huge boar. Satisfaeiwy anesthesia 

is achieved wi thi n 10 minutes after administration. \t \s 
recommended ihai lhe auesihetic solution he injected 
below the tail of the epididymis in the upper one-third 
of the testicle. After injection of the anesthetic., the ani¬ 
mals become incuordiiuled in a few minules. Recum¬ 


bency occurs between 5 and 15 minutes following 
administration. As soon a* no response is elicited upon 
pricking the scmtal skin with a needle, the castnticfl 
procedure should be conducted as rapidly as possible. 
The uiiahsorbed anesthetic solution is eliminated with 
surgical removal of the tester allowing for a more rapid 
and vale recovery. Recovery from JOHlhtitiia requires 

20—40 minutes. To Avoid fatal pomming in dogs 0€ 
other animals, ihe testes should he disposed of properly. 

Preanesthetie medication not only reduces ihe 
amou nt of anesthetic required for major surgical proce¬ 
dures but facilitates, handling of tile pig prior to indue- 

(Ioffe of anesthesi a (Booth 1969). Ptenesdietic medica- 


(Ioa in die pig consists; of unpine (QL07 409 mg/kg), 
meperidine hydrochloride (1-2 mg/kg). und promazine 
hyditxbkm.de (2 mg/kg l All preanestbelic prepara- 
Eiuns are injected intramuscularly in separate sites 

45-60 minutes prior to udiiriitistratkiri of the anesthetic. 

It is often necessary to administer mmpine m hourly 


during anesthesia to prevent salivation Lind 
mucus foTmalmn in the respiratory tract. 

IV pentobarbital (9 mg/kg) administered 2 minutes 
after \M ketamine 111 mg/kgl induces surgical aws- 
thcMa for 45 minuies in swine weighing up to 50 kg; 
atropine sulfate (0,05 mgjkg) and ftoW^ldropenthil £I 
ml/13.7 kg) ure administered intramuscularly m pre- 

mcdicants I (1 m mutes prior lo ad mi msiral ion of keta¬ 
mine (Buuck 1 984). 


GOATS ANIJ SHEEP. Pentobarbital has a. *hort duration 
of Aetna in ruminants compared to other species 
because of a more rapid microsutniil oxidative metabo¬ 
lism, The initial IV MKStbetizing dose (25 mgAg) of 

pentobarbital in the goat should he adm ini tiered slowly 
(Bryant iWt. Anesthesia will be deep lor about 5 


minutes and then become bes& until complete recovery 
occurs in 40-^60 minutes. Duration of satisfactory anes- 
ihesia is about 20 minutes, which is fljJScieni tiitte SO 
calhclcrizc the jugular vein for supplementary injec¬ 
tions and lo intubate tile trachea. Compared CO the di*g. 

duration of anesthesia in (be goat i* much shorter for an 
equivalent level of anesthesia. It is preferable to use 

pentobarbital for induction of anesthesia in (he goal 
and then in maintain it with an inhalant anesthetic after 
tracheal intubation, 

In adult sheep, pentobarbital, is rapidly metabolized, 
requiring additicuuJ increments to maintain anesthesia 
for more than 15-3U minutes. The drug is useful lor 
induction of m&fimm this permits intubdekm of the 
trachea and maintenance of anesthesia by use of 
inhalant anesthetics.. The average dose of pentobarbital 
tor induction of anesthesia is about 24 mgj'lkg. with a 

range of 11-54 mg/kg. In (he lunb. the IV dene of pen¬ 
tobarbital ranges from 15 to 26 mg/kg; this usually 
maintains anesthesia for 15 minutes, An additional 5.5 
mg/kg administered intravenously extends aiwsihoia a 
further M.\ minutes. Recto, cry from anesthesia is rapid. 
Short et al.. (I9S5) reported lhat an IV dose of 14 j 
rag/kg pentobarbital produces anesthesia in sheep for 
about 5.39 ±: 7.5 minutes; this lime was from induction 
to returri of Lhe palpebral re Ilex. 

RARRrrs. Rahhiis. are eoriMdercd to be one of the more 
difficult and unpredictable species, of laboratory ani¬ 
mals to anesthetize because they vary considerably in 
response lo commonly used anesthetic agents., and the 
margin between surgical anesthesia and respiratory 
arte%i is rturfiivv (Muedock 1%9). According to Mur* 
dock, ihe iHOffUTKIKlod IV df*se nf pentobarbital is 
generally 25-40 mg/kg. One-half to three-fourths of 
the calculated dose of 2% pentobarbital is injected 
skiwly into the marginal ear vdfl until the animal 

becxnnes relaxed Injection of more ennerairated solu¬ 
tions h apt not only to lead to an overdue of the aitev 
thdlc kit to cause severe injury to (he vessel wall to the 

extent that thrombosis occurs, If this happen*, vessel 
occlusion results, which will ultimately lead to necro¬ 
sis and sloughing of Lhe affected port kin of the ear. 
Recovery from perKobarbiial anesthesia is erratic in (he 

rabbit, varying from 1 to IQ hours. 

MINK. IV injection is nett practical in vicious animals. 
Pentobarbital (22 mgfkg.L injected subcutaneously, has 
been reported to produce a hypnosis suitable for exam¬ 
ining mink md for artificial insemination procedures. 

The bgipnotic stale occurs in about 10 minutes and \am 

for about 40 minutes, wilh -rtsmpktc recovery in about 

1.5 hours. 

PouobtitilAl (35 or 40 mg/kg) has been used 
iulrapenmocally in ranch mink i Musirla rj.v^rj) w iiJwiut 

HHnUlity 

neuroleptic agent, may be beneficial in mink prior to 
admiiiisLraEitin of anesthetics. Dia/cpam has been of 
value in cahnlttg agglts^ive and Vicioite animals prior 
lo mating. 


{Graham el al. 1967), The use of diazepam, a 
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birds. According to a number of Iiler,ciiJre souietft, 
pentobarbital administered alone and intravenously has 
not been satisfactory as an anesthetic for the chicken 
because of the narrow margin of safely. The dose of 
pentobarbital varies greatly in chickcnis of the same 
strain, age. sex., arid! weight. Duse levels lata I fbr some 
birds produce ooJy light UKslhnii in others. 

Pentohurbiial readily depresses respiration or may 
paralyze respiratory activity of the chicken. However, it 
has been the experience of investigator. It A. Hem* 
that pentobarbital (15 Iflg/kg) administered through (be 
external thoracic vein provides safe anesthesia when 
oxygen is continuously administered to prevent 
hypoxia. PtnLobiirhiLal has been used in mature chicken 
hens few induction of light umb prior Id inhalation 

of ether for maintenance anesthesia (Fussel 19*9). The 

barbiturate is administered inLm|.ieriloneally in an over¬ 
age dose of 25 mf/kg; greater doses fnquendy produce 

respiratory and cirdiK I'ail arc. Pentobarbital hib a 
hypotensive action in fowl; soon after its udminis4ni- 
tmn ihere is a decline of 30—SO mm Hg in Lhe arterial 
blood pressure, but this is followed by partial recovery 
in a few minute*., 

Pentobarbital I kin also been satisfactorily used in the 
turkey by injecting 26 mg/kg via Lhe radial or saphe¬ 
nous veins, It is rccomnKnded that birds be fasted 
12-18 hones prior to anesthesia . L se of pentobarbital in 

the Ay lo bury domestic duck by IV injecckm (30-60 
rne/kgn produces unsatisfactory anesthesia (D^sfurgcs 
and Scott 19? 3). 

An anticholinergic agent such as atropine sulfate 

(0.045 mg/lcg intramuscularly 3 should he -administered 
prior to use of barbiturates in birds to prevent bronchial 
secretion. PentnhurbiialJ (I9fc) has been administered 
intramuscularly at a dose level of 43J] 9 ml. (011 mg)/2 g 
to canarie*. sparrows, parakeets, and chickens, Indue- 
LioFl of anesthesia occurs in about 2 minutes; 5-9* min¬ 
utes ful lowing the injection there is no skeletal muscle 
resistance to extension of the extremities. Surgical 
M£$dte$ia hi its for approximately 30 minutes: Lhe birds 
stand within 90 minutes after die injection. 

Pentnharbiial has been used for anesthesia in the 
Adelie penguin IPygasttU* aUW]I (Andrews 1975), 

A ilosc ol 50 rng/kg is recommended intrapentoncally 
lOr deep surgical anesthesia if it is a nonsurvival proce¬ 
dure. Induction nf ftngHiheajg as slow in the penguin, 
requiring an average time of 130 minutes. Up to 45% 
of body weight of Lhe penguin consists of adipose tis¬ 
sue. What effect this may have upon anesthetic afcwotp- 
iilk !1 aiddisiriibutkrfl us unclear. In addition, barbiturates 
appear to he melRtolized very slowly in the penguin 
(Andrews 1975). 

ISUNHUMAN' PRIMATES. With inlrcriuelinn of ultra- 
short-acting barbiturates ilhiopeniaL thiamylaL), use of 
pentobarbital in prlrmla has declined;: however, pen to- 
barbital is- essentially safe and effective m monkeys.. In 
the rhesus monkey (AAirwti rmWoWf-r) nn.M anesthetic 
failures in healthy animals fallowing pentobarbital 
administration are allrihuiabJe in an excessively rapid 


rate of injection nr use of a highly coROCfltraied solu- 
nun i Domino et al. 1969), The raminerciilly available 
pentoharbital solution containing 6(1 mg/mL is. too con¬ 
centrated and abduU he diluted 1:2 Of l!;4 just prior to 
use. Moreover* the sohdkm must he injected hy slow; 
steady infusion ai a rate no* to exceed 2 mIJ'min until 
the corneal reflexes are abolished and respiration, 
becomes slow; deep, aid regular Monkeys, so treated 
can be expected to remain m surgical ancsthciia for a 
minimum of 2 hours; recovery ordinarily dues not 
occur in less than 6 hours (Domino et al. 1.969). 

Pentobarbilal has been very useful as a restraint and 
anesthetic agent in she chimpanzee (Ann m tg.fod'ftrs} 
(Day (965), The dose of pentoharbilal recommended 
few mature and young dlimpuiZHS is 24-29 mg/Lg and 
29-40 mgflkg respectively. A 5ft pentobarbital solution 
is used in hath age groups. Anesthesia occurs, In must 
instances in 6-15 minutes. Complete recovery usually 
results within 6-8 hours, with Lhe younger 

recowring in teas lime. 


GUINEA PIC.S AND GEKBJLS. Although the usual 
inimascular rikitos (IV and iulrucanJiifcc) for administer¬ 
ing iLiH'sthcLics arc available m the guinea pig, they are 
infrequently used (Hoar 1969); the intraperituncal route 
is most common because of its easy and ready acoesi- 
bility. A number of Liuracure sources indicate that the 
anesthetic level for pcniohafhilal is, 15-30 mgAEg adimn- 
istered mtraperitoneally. However, m inirapeiiltiittal 
dew of peulcaburbital a> high as 50 mg/kg is, used in 
guinea pip (McKay and Clement 1977). A heated oper¬ 
ating board is recomnnended in prevent the severe 
hypothermia that occur following this dose. 

tn the gerbil, pentobarbital in a dose of 5 tng/IOD g 
(50 iiig/kg) is recommended inlraperitoneally 
(Stuiikard and Miller 1974). 


RATS AND MICE, Pentobarbital diluted in sterile phys¬ 
iologic' saline dilution is usually given intraperiioneally 
al jl dove of 30-40 ing/kg to the adult albino male rut 
(Ben et al. 1969), However, Sfsrague-D&wky rats. both 
male and female, weighing 300-350 g are aKSllwtiied 
wilh 60 mg/kg of pentobarbital inifaperildoeully 

(Kawabori 1979). 

Female rats are usually less capable of metabolizing 
pentobarbital and may require less than the nuk. Pen¬ 
tobarbital may he administered by the TV route in the 
rat; however the dtw level and race of administration 
must he carefully observed (Ben ci al. 1969), In mice, 
pentobarbital is the ntQfct £QSIfi(Mlly usi'd parenteral 
anesthetic agent ami is generally given inifawnotisly lkt 
intraperitinically iin doses of 40-70 mg/kg (Tiber and 
Irwin 1969 1 . Intrapcriloneally, ihisdow range induces 
Lines! Iiessa of 20-30 minuses fallowing a latency inter¬ 
val of 5-10 minutes with less Lhan 10^ mortality. Lit¬ 
erature sources indicate that male mice arc- mure sensi¬ 
tive to the effect of barbiturates than Females. Ini the 
neonatal subject 1 1—4 days old )„ an i ntraperetoneal dose 
til" 5 mg/kg pemobarbiul produces anesthesia of 
apprusimalely 3 hour (Tuber and Irwin 1969), 
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AMPHf&lANS AND REFnLE& Frogs, (Jfomr pipi&U) 
can be ssiii i^facisin ly aoesthetized u iih pemobadbinl 

admini stered through the dorsal lymph sm at a dm of 
6fi rtlg/kg (Kaplan 1969). Surgical anesthesia is 
attained in about 0.5 hour and will Iasi for m long as 9 
hours. Turtles {Fitudemyx) can also fee anesthetized 
with pentobarbital by IV or intra cardiac injection at a 
dose level of 15.5-17.5 mg/kg. Induction lime of ancs- 
Ihcs-ia is approximately 30-53 minutes hy Ihcsc routes; 
the animals may remain in deep anesthesia as Long as 3 i 
hours, Turtles may also he anesthetized hy (fee 
inlrapcriionej] mule with pennifeiLrhuuli ;n a dose of lo 
mg/kg (Kaplan II969 )l 

HLARS AND LAfbQE CATS. Fentoharhital has been used 
idtiiLUDBsJy (37-59 mg/kg) in hears following IM 
administration of morphine sulfate (K S mg/kg i uriufi 
promazine (4.4 mg/kg).. For safe handling and minor 
surgery 5 , a mean IV dose of 13.5 mg/kg penloharhiial is 
reecimmended in hears; supplemental increments will 
maintain I he animals in anesthesia lor up to 6 hours. 
The principal dis-udvantage in using pentobarbital in 
bears is the Mtitissky fur immobilizing them so Lhal a 

venipuncture cm fee matte; once this is. achieved,. pea- 
sobarbiial (12-15 mg/kgi is administered as rapidly as 
possible (Day 13*65). This is about 50-75% of the anes¬ 
thetizing duse. The remaining portion is Chen given 
until m adequate level of anesthesiu is reached!. 

Pentobarbital is contraindicated in any of the large 
zoo eats he cause of their apparent inability to riieuiho- 
lize it. Large eats may be anesthetized for 6 or 7 day* 
follow mg use of pentobarbital. When utLrashori-acting 
barbiturates (thiamylal or iSliopenlal) are administered, 
these animals sleep 6-24 bourn. 

I liiupenlal Sodium, As ihe name indicates,. Thwprn* 
(OT Smhum. LTSP (Pentofihal sodium, 1 ntraval sodium. 
Thiopentone sodium)* is a sullur-eontaining barbiturate 

ora tfunharhiturate, Instead of having Ihe tf-G-Nil char¬ 
acteristic of most other sodium salts of ihe barbituric 
ac id derivatives, thiopental possesses a sulfur aimM. ft- 
S-Nti* in suhmiUitkHi for the oxygen atom, Except for 
ihe sulfur atom. thiopental is similar chemically to pen¬ 
tobarbital (see Fig. 32.4.1. Thiopental is classified as a 
Schedule III drug under the 1970 Controlled Sub¬ 
stances Act. 

ThiopcjiLal is a. weak organic acid »iili a pK a value 
of 7.4; it has a relatively low jcmizfllinn(39%) at the pH 
of plasma I Brandon and Baggot IU8I). High l ipid sob 
ability of the Kfflionizing moiety is the primary prop¬ 
erty of this anesthetic agent, permitting n lo quickly 
penetrate the blood-bmi n harrier. 

SrmmE AND STABILITY mofttfllftl is available in 
sealed, evacuated or nitrogen-filied ampules as a pow¬ 
der buffered with sodium carbonate and should ho 
Mored away from light in a cool place. It is unstable i n 
aqueous solution sir when exposed to moisture. .Steady 
deterioration occurs in proportion to the temperature of 
the solution. For maximum effect arid safety* aqueous 


solutions of thiopental should be prepared jhsi prior U) 
use. When large iuiriuiiLs art* used!, as in □ hospital* a 
bulk solution of thiopental may be prepared if careful 
attention is given lo its expiration dale. A 59b hulk 
solution can be stored ini a refrigerator al 5-6 C until 
turbid ily appears,, but for m longer dun 7 days. At 
room temperature ai l& 22 C a solution should be kept 
no longer than 3 days. SoliKkxn* kepi beyond these 
limits contain clinically active thiopental, but the pro¬ 
gressive loss of action m any given period cannot he 
easily determined. When aged solutions arc used, the 
same characteristic astion of the drug obtained hy 
injecting larger volumes of niution. However, from 

the standpoint of majntajning a reliable anesthetic and 
sufgiCid routine, it is desirable to use fully potent, fresh 
solution*. 


PH ARM AC {HjOGJC CONSIDERATIONS, Thiopental is 

not ordinarily associated with txriujtoiy side effects 
add, even when ad mi rostered in dosag.es sufficient to 
induce an isoelectric elceuwnceplwJogrsim (EEGi, hu\ 
no ostensible direct tuxic effect on the CNS (Steen arid 
Michenfelder 1 9791 In the dog, large doses have been 
given to produce an isoelectric EEG for 30 minutes or 
Longer. Under these cOOdiliOfU P cerebral oxygen coit- 
suinpikiri i-. about 40% wf normal; brain energy stores, 

i.c.. adenosine triphosphate and phcMphwreatirre, are 

nurmal throughout ihis pcrirH.1 as well as the 
Lion of brain lactate. Such findings in dogs are 
tent with the clinical experience with barbiturate intox- 
Kfltioft in Itumans. If respiraLury and circulatory 
suppun-s are instituled early enough and adequately 

maintained in reversal of the intnxicatitin. cerebral 

recovery is expected even when FHG aeiivjty is ini- 
LiaJly absent fSteen and Miehenfeldcr 197?). 

In Ihe horse, Lhiopental elevates the blood glucose 
lewd -and induces a leukopenia. The cardiac rale 
iiteffciist-s. while cardiac uutpul decreases. No sigxdfi- 
canl change in arterial pressure m packed cell volume 
occurs iii the horse following administration of thiupcri- 
laL Respiratkm is slowed and frequently become* irreg¬ 
ular for brief periods. Tins leads, to an elevated anerial 
P lTI , and cumwmitftifl decrease in blood pH. Pla.vma lev¬ 
els of thio pen till do not correlule well with the clinical 
vigils or EEG in the horse or other spec ies. 

Middleton e! al. (1982) reported that 4 D c t of the cats. 

in a study lIcvc loped apnea dial lasted over 5U second* 
after the beginning of an IV injection of 1,25(4 
thbpenial (30 mg/kg} at a rate of 0.5 mU'-scc. Also, a 
iniId anerial hypotension occurs between 5 and It? 
minutes after inject ion* 

In Greyhound dogs (22-25 kg|, IV a^lmitiiiNiraiion of 
2.5^ thiopenEal (10 mg^Ttgl reduces systemic arlerial 
pressure about 44)% immediatdy after injtttiM f Smash 
ert al. I M2). How ever, the pressure rctwns lo near nor- 
mal w iltii n 5 minutes alter injection. 

In the dog, thiopental has an anhythmogenie ufIWi 
W'iidl ail incidents of abend 40%. This is lower than Ihe 
incidence (Le M 85%!l of arrhythmia produced in the dog 
by thiamylal (Padendi and Brown 3973 k 
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IV ihinp^'nlal-iuJuk t'd (20 mg/kg) anesthesia poten¬ 
tiates drrtldpdWIlE til Veniriculur jurriiychinii.il ttbfi) epi- 

nephrine is idminittered u> huMlqo>vranestheti,ris<l 
dogs (Alice and MaJItinsofl 1982). This poiMliatim 

may Iasi I'lw at least 4 hours after the thiopental- 
induced anesthesia \ Bednarskii et al. 1985). 

Anesthetics such as the uLLrashori-aetmg barbiturates 
(thiopental, thnamylal, mfilhohe&italjthat lugger car¬ 
diac uTThyihmhts set the image for the heart its go into 
ventricular (Ibriltition, especially if mt&gsmm or 

exogenous catecholamines appear at the night Lime. 

Compared to IV tfiinpenla) (22 mg/kg) alone in the 
dug, the IV combination of thiopental (91 rnp/kg y and 
lidocaine (S.K nng/kg) induces no arrhythmia and pro¬ 
duces Bess cardioputmonirY depression i Rawlings- and 

KoIbUi IM3>). Bigemiingr, whh alternating premature 
ventricular depolarization and normal sinus-initialed 

depolarizations, occurred after intubation of the (inched 
during 19 of 2(1 thiopental inductions:; Lhe bigcmfciiGs 
were preceded by tachycardia. and an increase in arte¬ 
rial pressure during tracheal intubation. In contrast, 21} 
dogs given the ihiopenidl-hdocaine combination did 
nm develop cardiac arrhythmia. According to Rawlings 
and Kolata (1983),. die thiopental didocaine coiribirta- 
lion would appear to be a. good method of inducing 
anesthesia in animal* with cardiopulmonary disease 
because i( elicits less cardiopulmonary diepress-ive 
effects and protects against arrhythmia. 

Between 30 and GO minutes of IV thfOperUll itnes- 
thesta (25 mg/kgt in (he dug. Lhere is a slight decrease 
in cardiac output and left ventricular work (Alllgncfl et 
jlL 1978 k BlnxhJ flow is reduced to the lungs, kidneys 
and liver, Between 60 end 90 minutes following admin¬ 
istration of thiopental,. n steady stale in cardiovascular 

function is essentially attained, Only Hood flow to (he 

liver remains below Munir 

MlCTAtiOUSM AND DISTRIBUTION. Thiopental is 
metobolizd primarily by (he hepatic HkkflHfifflll 
enzyme syslem. Studies in lhe monkey with thiopcnUd 
containing labeled Tulftif, S'", indicate ihat al least 12 
metabolic products arc excreted in urine. Within 4 days 
after an IV injection nl 3.5 mg/kg. lhe monkey excretes 
id-Hiui HO r .£ of rhe dose in urine. Atkliiional small 
amounts are found in feces and tissues. 

In humans, only flkavl 0.3% of administered 

LhiupeniaJ is excreted unchanged, indicating that the 
drug is almost totally tranvftnnmed. Oxidation of one of 
lhe alkyl Hide chains yields thiopental carboxylic acid, 
a fneiabolite of thiopental. which is almoat completely 
metabolised; only traces of this metabolite appear in 
urine, l he metabolite has, little if any anesthetic activ¬ 
ity. In chronic renal failure patients (human), the rate of 
thiopental elimination is much the same us in normal 
individuals (Burch and Stan*ki 1982). 

In clinical anesthesia a small dose of thiopental bus 
a brief duration of action, not because of its rapid) 
metabolic destruction but because of rapid distribution 
of the drug from plasma into (be adipose (issues. Actu¬ 
ally, the metabolic conversion of thiopental is ikm 


(10-15%/hr). Since fat is capable of local ivung thiopen¬ 
tal. the plasma level of the anesthetic is below Lhul 
required to maintain uudm. and the animal recov¬ 
ers soon after injection. Following large eludes or 
repeated small doses of thiopental, lhe plasma level 
remains near that of the fat and tissues, and anesthesia 
persists far a longer period because of slow metabolism 
of the anesthetic. 


Use of a ihiobjirbicunue such as (hi ope mil in main- 

EcnaiiL-e of anesthesia is ifant COflldOWd r IX ulicmii el al, 
I9K4 1 . Ets eonlinuDus use in maintenance of anesthesia 
will result in prolonged and unfavorable recovery, 
Since recovery depends on redistribution of thiopen¬ 
tal from the brain to other tissues, animals that are 
severely aichexic w ill have prolonged recoveries 

In strap, thiopental is dwed from plasma tt the 

rate of 17%/hr after (issue equilibrium is reached. The 
half-Djfecif thiopental in sheep (herbivore) is about one- 
holi'that of the carnivore (Baggot ct al. 19841. Pento¬ 
barbital is cleared at a rate of approximately 49%fhr in 
sheep. Bi nd ing of the two barbiturates to sheep plasma 
prole ms occurs to the extent of 67^ for Lhisopeiital and 
36% for pentobarbital.. Only free (unbound) thiopental 
is able to crass die blood-brain barrier. 


The phenomenon of microsomal enzyrne induction 

has been demonstrated in calves prcireaied with pheno- 
harbilal (Kltarma et al. 1970). Plasma levels of thiopen¬ 


tal are reduced at a mure rapid rate us a itsuk of enzyme 
induction. The development of enzyme mducliuti should 

be consitlered while treaiiiig domestic animals because 
(hey are frequently exposed to poteni inducers of micro- 
Hsnial enzymes such a* halogenoied i^esiicides .uni cither 

compounds. Such induction may be responsible for wide 
variation in nwfabolisrn of certain drugs and may greatly 
affect an aniimTs response I'Shamia et al , 197(1). 


Pharmacokinetics. After IV injection of thiopental 

(2(1 mg/kg) m m cuncfnlralion of 2%. the apparent vol¬ 
ume of dislributiurt in sheep is 1005 ± 196 niLAg 
(Tuutain et ah 1983). Its body clearance b 3,5 ± 0,8 

ml. Ag/iiiiifc and lhe plasma half-life is 196 ± (>l minutes. 

In the dog*. IV adminislraLinns of 2.5% thiopental 
results in a plasma half-life of 6.99 ±2.18 hours, an 
apparent volume of distribution of 843 ± L94 mL/kg 
and a body dearance value of 3.51 ± 0.W1 fflUkg/Mn 
(Rra imJi hi and Eftiggiu 1981 1 . The plasma half-life of 
thiopenlal in the dog is about 5-6 times longer than in 
sheep. According to Brandon and Baggot. Lhe relatively 
short duralion of thiopental anesthesia In sheep may he 
attributed primarily to biotmnsiormal ion of the drug b> ! 
hcpjdic iFietuhidasin and uptake hy body fat. 

PtiamiiKokineEie studies of thiopental have heen 
nijjwdc possible hy development of a highly sensitive, 
rapid reverse pha=je, high-pressure liquid chromato¬ 
graphic (HPLC) method (Christensen and Anlitisetl 
1979). ITie driection limit Off Ihiopeiilal in blood by 
HPLCi^9Ofig/ml,0f 90 pph. 


TOXICITY, The major tostic effect of thiopental is a 
marked depression of the respiratory enters: the race is 
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slowed art* I iLillplitUck' ckureaxud. Ordinacily, lhe iCxpi® 

ratcry rale i* a good indication erf the condition of the 
animal and ilw dosage of drug. When given property, 
thiopental Isa* Lillie toxic action upon die Utdowctt- 
l-jir qniHB. about (ft limes m much is Deeded to Mop 
lhe myocardium as to paralyze respiration. As long as 
the cardiovascular system function* well. there is every 
nppnrtunity for recovery L>f a patient it pnrper My- 
genation is mainslaiined by artificial respiration. 

An appareni lethal anaphylactic ictpoiue totUopoi- 
Lai has been reported in (he dog (Mason 1976*. The 
reaction developed 10 days following a second admin¬ 
istration in a 4-ycar-old Border Collie. Accpromazinc 
and atropine premeditation in conjunction with fi-irru- 
diatiun therapy as wed ils u corticosteroid were used 
during thiopental anesthesia. A survey of the veterinary 
medical literature failed to locate any evidence of ana¬ 
phylactic reaction 1o thiopental. Anecdotal evidence 
suggests equine patterns rn-ny OCCttioaiUy develop 
urticaria after thiopental administration. In humans, an 
anaphylactic reaction lo repeated administration of 
thiopental is recognised *ls -a rune entity. Puinlul vesic¬ 
ular lesions (muulh. skin?., referred Lo as flud-dkug 
erupuofis, have been reported in die human several 

hours after conclusion of thiopental anesthesia (Ruder 
cr al, 1982), 

In general, thiopental possesses a wide margin of 
safety. The twice daily injection of 2(1 mg/kg into dogs 
for 2-3 weeks results in only slight depression of liver 
function. 

General Use, Hm brief duration of effect of ihi-n- 

bajbiturates can be employed advantageously for 
numerous conditions, including setting fractures" gyne¬ 
cologic, radiographic'! and other kinds of examinations: 
short surgical procedures; and premedicalHHi Lo an 
inhalanL anesthetirc. ITie rapid, cumpklc BCflWy per¬ 
mits quick return of the patient to thrf OWDCf if ho^pi- 
talizalkirt is undesirable The miilimal hypnolie icf 

thiopental injecied IjHtnmvowly produces uegthou 

for only about one-fourth as long as pentobarbital 
under the same conditions. 

During World War ll. thic*penLaJ came into wide use 
as a routine anesthetic in humans in front-line hospitals 
where equipment was limiled. 

Administration and Dosagl-. Thiopental is 
adniinirtend only by [V injeci ion. Sobeutmous or \M 

i njifelienix arc irrilatinp. ium! may result ini sltiughiu.g of 

tissue. The anesthetic is too irritant lo inject into u body 
cavity. An equal volume of LT prucuine infiltrated into 
the perivascular tissue where the thiopental may have 
been injected hy accident is claimed to obviate the 
usual turn reaction, Thupea^ is usually prepared 3* 

a 2.5 f ?r solution for IV injection in smaller animals. In 
Larger animals the concentration should be increased to 
i% ¥ although iDft solutions have been used. 1L should 
be borne in mind that injection of the more concen¬ 
trated Wilulhm (5 nr Id'S? 1 will pVVdUH KfiOlB mmpli- 
calions if the barbiturate anesthetic is accidentally 


admini.%1cred inlra-arlcrially. The "quick-shot" admin¬ 
istration of thiopental in the horse via the external jugu¬ 
lar vein may result in inadvertent injcclion of the anes¬ 
thetic sctroanjlariy. This often results in severe tissue 
m^int, including ahscessatkm and necrosis of lhe 
involved tissue (Jones |968>- if thiopental is acciden¬ 
tally injected pcrivawrularly. normul saline should be 
injected lo dilute Lhe drug: in addition, hyaluroaidw 
should be added to normal saline to promote dispersion 
and abauptiM of the chiopcmal (Junes 11968). 

The amount of thiopental needed varies with the dis¬ 
position of the patient and Lbe nature of Lhe operation. 
Df the several factors seeming to influence depth and 
duration of anesthesia, the most important is rate of 
injection. When small animals sue injected rapidly li.e. g 
within (3.5 mink onset of aiiestlkefc-ia is abrupt and 
sometimes alarming. Il muse not be forgotten that two 
rapid IV mjecLion depress the vasumotur center and 
results in la vascular dilation with sudden drtJp in bknd 
pressure. 

Rapid injection usually induces anesthesia in less 
I Iran ui minute und Lowers lhe dosage needed, but the 

anesthesia is of brief duration. Duration K diroedy pro¬ 
portional io Lhe time taken for injcclion of ihc ancs- 
ihelic dose. The duration can vary from 2-3 minutes lo 
23-30 minutes, depending on Lhe rate and amount of 
drug injecLcd. At either extreme, the same depth of 
depression can he produced. Repealed injection of 
LhiupeulaJ is nut iddnl; recovery i-s prolonged with 
each uUMml dow adratabtered. Barbiturate auHtbe- 
siu in the hone should Dot be maintained far long peri¬ 
ods; no more chan a total of 5 g of any barbiturate 
should he admimsiered intravenously even to horses of 
draft pmpoTtnms ^ Heath 1977)- 

In the dog. Lhe anesthetic EY dose of thiopental 
approximates 13-1,7 mg/kg: for the cat it Is SI-1C mg/kg 
r Murk tt al. IL96B) up to- 20 mg/kg (MkldktoA eL al. 

19823. However, each due duedd be adjusted to the 
pmkfll to compensate ftir individual dlfTefences r 

RizguntldiN.Mif the iIe 3 w. lliHr' i|S iirr;L| iripsJiEPih St si'iluthiiU 

of thiopental in small animals should consist of about 
13 mg/kg fed lowed by a pause of 3LWy|} seconds. "Die 
remamder of the desired dove can be mjuxted to effect 
during the next 1-2 minutes. 

l ; or brief anesthesia of 7-ID minu-Les (suitable to r 
■■iiili<igr;Lphy p milIW surgery, and eumiiatiottt) si due 
of 13—IS mg/Ttg is suggested. In myelography it is 
advisable to avoid use of bafbkurales; kehIiuiii iiKiliki- 

dal. 4i coni rust nwdiium. may displace braind thiopental 
and induce anesthetic complications- (Bunbans ci al. 
IML). Ivr anesthesia of l<M5 minutes, as might be 
needed for reducing a fracture, a di»se of 1 Jt-22 ing/kg 
is desirable. For iineschesia of 15- 23 minutes Ll^ permit 
niajcu surgery, a sln?>e of 2W9 mgylig is uevded io 

mrisc stall animals. ThinpetitHl ji no! reviinimentfcd 

j'-nr extended periods of anesthesia, ll may he used to 
induce anesthesia, followed then by safer agents such 
as inhalant anesthetics for prolonged effect. A small 
dose of thiopental injected rapidly produces anesthesia 
briefly. 
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Tf desired, morphine can he administered preMes- 
Lbetically to ihiopental as- if; is n> pentoh^rbilal- H^- 
ever* morphine dew* not cause a sogpificut intension 
of LhinpenLal-induccd omtlwu in the dog, Prolonga- 
lion by a therapeutic dose oE the narcoLic an^cm 
appears to be less signi IkanL 1han LhuL observed wish 
DHftt of the phenutliLa/ine [runquilirars. ALrupine sul- 

fate w glympyiroluc should be rcuukdy used preced¬ 
ing thiopental nmthetdi to pifVHt ptruyntpvtlKtk 

side effects. Atropine Mrifacc. but not atropine nicihyl- 

nitrate, nonpcdlkally reduces ihir iKlftdtc Ji^ge 
of thiopental plasma Level al Awakening (Hatch J^72 

RfiCOVEftV. The recovery period WQ with dosagic 

from IS minutes to 6-K hours Mac full leg cognjiu- 
lion appears and may not be compLele in less thun 24 
httH in Che dog following an IV dose (13—15 mg/kg I 
of thsopettiJ (CbenoMb tnd Vhi Dyke 1%9). With 
rep eated idminiMiKMM of the drug, recovery time is 
pntoqgKl m the extent that there is liuk advantage 

over the oae of pcnmhtHfrical. According to Hatch 

(1966 k rapid administration of glucose in the dog that 

i* regaining voluntary miwcmcni from thiopental mf- 
thesia results in rcancslhcu/.ulion of l\% of the ani¬ 
mals. -Sodium tactile and epinephrine alsu produce an 
iuettW in the sleep tune. Howver, the possihilily of 

pli.Kluvi.hg taitlestlkrli/alHirt wilh I hirsc suhsEartLxrs i\ of 

hllle practical concern as Long as they ate administered 
properly. 

Old animals may exhibit hindleg weakness for 1-2 
days slier thiopental ancslhcsia. Incoordination of she 
legs, especially the Atf lep-s-. ClkttH the peitienL lo ^Lag- 
gcr about for an hour or so when disturbed during 

recovery. Lf the pacbeot is not dtoturhed* recovery ordi¬ 
narily is uneventful. Complete recovery requires 

appi uximnLcly 2 hours and is usually fiue from HClto- 

mcnl. Vomiting nr other signs ni'postaneslhdie toxicity 
have seldom been noted. 

Resusctmiqh. As with other burbiittraies. excessive 
amount* of thiopental produce severe respiratory 

depression. Continuous administration of oxygen and 
artificial ventilation is more benetWial than any trthej 

ibeupeuik measure to combating ihe RiplfMory 

depression from turhicuraic overdLMgc. 

CLINICAL U®- Thiopental is approved by the FDA 
for uk in the dog., cal, bovine. sheep. and swine. 

SHALL. ANMAIA Anesthesia produced by thiopental 

1® snail aalmab is very similar m that by pentebaibi- 
ial. Although nutcuhr lelumtioo is fair, it is inferior to 
[hat produced by ether and other inhalant aiusllKties. 
Respiral ion is regular hul slow and shallow. The heart 
bear is fust hut sung. Excitement is generally absent 
during taductiw and recovery if the patient is kepr 

quiet. IV thiopental CIO mg/kgj is used fur induction of 
anesthesia in lhe dog premedieiLled with ulropinc lo 
permit endotracheal inLubataon for administration of an 
inhalant anesthetic CCrihb et all. If??). 


The anesthetic dose ©f thi<*penLal to the dug is 
13-20 mgftg administered by the IV route; for the cat 

it is 9—II m>g/kg (Rohinxnn ct al. E^SUi“ Sams et al. 
1985; Turner and llkiu 1990; Quaodl attd Robimni 

1992; Mark ci al. These doses arc generally con¬ 
sidered to be on the eonserval ive side' ftg, B some 
ajuLhors recommend an IV dose of 25-30 mg/kp 
thiopental lor both the dog and eat ((Mitchell ]%fi; 

SiTitl^-l aiid Wellman 1969k Slrobd and WoUma 
reported lHjl 3D mg/kg uf Lhe drug will produce 10-3D 
minutes of Jinesthesitf and 2 bow of AfflUHlHKt The 
uk of preanesibetic agents such as xylnioc or aetpno- 
maxine will reduce to dwe of Ihiopeatel required lo 

produce anesLhesla (Ko ct af 1W3;; Hatch et al, 19K?; 
Hatch IJW; Hatch 197.1c ) r fa the Greyhound, com¬ 
pared Ln Other breeds of dngv Ehe recovery rate from 
thiopental anesthesia is mure pmkngei The Grey- 
Ihilnfcd carl meliibuliic melhulK'xitsiL an ulEraihurl-acL- 
iug OXybuUturUfi„ much iitore npidly than the thio- 

barHtmte tnestbelks, 

Dows flf 12 ud 2d mgfkg thiopental edmintaered 
intnvenoiisly in the cat require 27 ± £ miiwles and 63 

+ fi ndnilof afier lhe ha^hiiuratu ji mieck'd bchire 
recov ery of the righting reties iChi Id el d. I^72a>- 
Because oE considerable variability in Lhe anesthetic 
due level to Ehe dug and cat LhiupenLal should be 

adnnilLsL-L , 'iL‘d cauEiLHLsIy arid hi liII 4 cl In |lw cal. iidmin- 

istration of increasing amounts of thiopental dx>e\ nnt 
allnw EEC r prEem?. to be related 10 [he eliiuca] Llcpth of 
anesthessji or plasma thiopental conccnLratiLHU Hatch et 
a i I97U)- 

SW|\t:. Hbopenlal in tV solutnm has been used 
saCislacLurily m swine vary ing 111 wetgJiL Irom 4.5 Lo 

270 kg. Although dost levels of thiopental generally 

iLvcd in elinleal |rractiee can ditto ennwclcrnhly I mm 
those rccnm mended by Muhrer 1 1950i, ihc informjitjon 
m nevenheless useful for determining the initial 
amount of drug needed far mdnetton (Table 12.4 k 
Swine weighing 5-50 kg usually require doses of 
10 -11 mgfltg (Booth I9h9i In pregnam sows weighing 
165-323 kjj., ioductipfl l> 1 aJK^ihc^ia without premed¬ 
ication is accomplished hy IV injeclion of ihiopcnlaL 
(2.5-6.25 g) Up efleer. HO reliuhie duse•'weight relulion- 
sliip i* L»bsened rCumtnings et iL 1472 k After eiuln- 
trachul niiuhaciLin, a gas miunre of oxygen and 
lUUWl oxide in a raLio of 1:1 or 1 .2 can he deliveied to 
[he animal. 

About 1 hour is required before swine can move 
jib *:mil satisfactorily alter thiopental administration. 

This |«;riiHl is ordinarily longer dun 111 humans, dogs, 
rabbits, ^nJ hhdc oilier animals where approximulely 

15 minutes are usually required far recovery. In gen¬ 
eral. swine show a dower recovery rate from the elfects 

Lnf any CN.S depressant than other species. The obese 

Condi 1 ion itf swine is apparently c^icilrphulory to u 
dower recovery period because thiopenlal m known for 
its ;|hility ti> IncaLi in fot 

Hemorrhage or blood kns of 30% in Lhe pig 
decreases the anestheUc induction dose lpI Ehiopental hy 
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TABLE 12.4 —Suggested IV dose of thiopental 
sodium in swim 


Weight 

Dchc 

Dsmc in 

M>lullLl|L 

(4ff) 

(pwg%) 


4.5-22.7 

11.0 

0.22 

22.7^5.4 

9.9 

0.19 

45.4-90.9 


a 17 

SHJ.9-l3b.3 

7.7 

0.15 

136.3-18 IB 

6.6 

0.13 

I8I.S-272.7 

5.5 

0.1 ] 


Source: Mukrcr 1451). 

Notes UMiifly animals nap ire test-drug F«r & cnmpmuhle 
effect. 


33% i Wtiskupf and Ktagetz 1985). The resulting hypo¬ 
volemia may aJterthe degree of binding of thiopental to 

scrum albumin. Consequently; the presence of 
hypnprcrieineniij that aceampanLev bilood loss and 
hypovolemia would mean that less anesthetic is. bound 
Co scrum albumin. Thus Lhi" iuie^thelic eflect may pos-* 
sibly i ncrea w due its levs bound or more free circular 
Lnii Nhiopeniat after hemorrhage. 

Thiopental is best given intravenously via the cranial 

vena cava by an indwelling ealkler (Booth 1969). 
Since respiratory depression readily occurs in swine, 
eadrinchal intubation. is necessary for oxygen admin¬ 
istration and/or artificial respiration. In addition.. intu¬ 
bation of the pig provides an excellent means for sup¬ 
plementing thiopental w iih inhalant aMsthetics. 

CA'lTLE, IV thkipcdlal has. been used lo produce surgi¬ 
cal anesihcsia for laparotomy in calves under 2 week*. 
A 6.5% solution (65 mg/ml.) should be injected slowly 
dunng 4—5 rn mutes until complete muscular relmailiun 

occurs. The total dose varies from 15 to 22 itig/kg. The 

stage of light surgical anesthesia, Usually hisls for 

10-12 minutes^ Partial recover) 1 follows rapidly, with 
complete recovery of limb coordination in 2 hours. A 

transient stage of deep hypnosis or light surgical anes¬ 
thesia results hrom rapid injection of a small dose of 

ihiopenfcuiU 6.6 mg/kg injected intravenously within 10 

seconds produces deep hypnosis in 270-360 kg Meere, 
The full effect is apparent within 1-2 minutes and per- 
siste 5-10 minutes. Steers fall to the ground soon al ter 
tile rapid injection and assume a normal recumbent 

positkm in abouf 0.5 hour and viand ■within 2-3 huura, 

The phlegmatic disposition of the bovine ordinarily 
results in quiet recovery and only slight ineoordination 
when the animals stand. thiopental (Ul 2%) and guaife¬ 
nesin (5%) in 5% glucose is used intravenously (2.2 
mLAg) in Angus and Hereford hulls. Hw induction of 
anesthesia (Garner et al. 1975). This is followed with 
hdotftailfi oxygen for uuniilenance of anesthesia. 

llORkES. Rapid IV injection of thiopental w ithout ben¬ 
efit of pre-anesthetic agents- nr tranquilizers has been 
tried in borres. While anesthesia may occur briefly, the 
recovery period in the horse is so marked by excite¬ 


ment and incoordination that me of thbpaital alone i* 
coniraind tented Adverse effects may arise partly from 
action of the drug, hut much of the difficulty undoubt¬ 
edly results. from ihr nervous and excitable disposition 
of the horse in comparison to I he phlegmatic disposi¬ 
tion of Lhe bovine. 

Frankland and Camburn (1977) hwe used IV 
xylarine hydiwMoride (0.22 mg/kg) 10— 15 minutes 

prior to induction of anesthesia with 10% IV thiopental 
(I g/90 kg given evenly over 20 seconds). They have 

h|m;j used IV acqprOfMXihC (0.05 mg/kg) 15 minuter 
prior to HuOfWElbll induction or 30 minute-S prior to 
induction of anesthesia when acepromazirae is adminis¬ 
tered iniramuscularly. The mean induction time of 
anesthesia following ftykmne and acepromazin* i* 

28.2 und 146seconds respectively. Although induction 

time of anesthesia is shorter Following acqnmazirc. 
sy lazine usually provides li giealer degree of tranquil- 
iujiitHi (FmakliAd <inl Cambtirit 1977), However, both 
these regimens are 
Frankfcand and Camburn, it is Still a matter of personal 
preference which of these preanesthetics is used. 

Clinical experience with lhiopental (irj%) m the 
horse indicates Thai the rapid IV injection of a dose (1.0 
mg/kg I that will induce anesthesia is aceornpiriied hy a 

moderate tachycardia, a slight reduction in arterial pres¬ 
sure, and a brief period of apnea lasting from QL5 to 
more ikm I minute (Tavemnr and Lees 1970). In[.addi¬ 
tion, a transient reversal in the T wave of Lhe electnrszar- 
diogram (ECG) is seen in some animals. Thiopental is 
considered to be relatively safe for anesthesia m the 
horse, providing the rate and character of respiration arc 
carefully ntaerved. li is often used intravenously for 
rapid (“crash'" or "quick-shut’") induction of anesthesia 
in the horse at the rate of 6.6 mgAg in a Lranquili/ed 
animal (Short; 11974: Short and Brunson. 1978). Without 
tranquilization. the dose of thiopental required to induce 

anesthesia inay increase as much as, 25%. Induction of 
anesthesia usuaJly requires 0-5—1 minute after injection 
of the drug and corresponds to lhe speed or rate of injee- 
liOAOf the nnesihclic agent. A more gradual approach to 

induction of anesthesia may be preferred hy me of 

thiopental in combination with guaifenesin. Three 
grams of Lhiopental aie added to I liter of 5% guaifen¬ 
esin. This mixture is rapidly administered through a 12- 
gauge IV catheter kecumbeiKy chaws after approxi¬ 
mately 1 mUfcg has been adininiatered. Additionally, an 

IV bolus of 2-4 ntg/kg of thiopental can be admini*- 
lered when limh weakness is noted to speed induction 
Lind decrease the Amount of guaifenesin-Lhiupental mix¬ 
ture needed* Fnemedteatmn willi xyluzjne (0.5-L0 
■■igAg IV) or ii^pn-Hiuivine (0.03 0-06 mg/kg IV p is 

recommended t Hanson and Thurnrum I WOj. 

GOATS. Thkfental (5%) has, beinl salisfucisjrily used 
in the goal for surgical procedures Ea%ling abtiui 2 
hourv. Since Lhe animal detoxifies the anesthetic al a 
rapid rule, the dose required for anesthesia varies 
greatly, An initial IV doate of 30—22 mg/kg \s usually 
effective in anesthetizing the gnat. 


sali^factt>ry clinically. According to 
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Atropine is capable 1 uf tunlrulling sulivaLiun in the 
gi*al Mtowlng barbiturate aneslhcsia. However. larger 
prHUKalhetic JM du*es (0*7 mg/kg) are required than 
customarily used in other tpedu Tte maintain cunLrol 
of salivation during surgical anesthesia. iL is necessary 
to repeat the HtropiKp administered by the IV rutile. al 
15-minuLe intervals jai a dewe of QL1-1X2 ng/kg. 

An whrtndm! catheter is routinely usid to prutcLi 

the airway tmm possible regurgitated ruminal contents r 
Tracheul intubation is valuable few administration of 
oxygen in Lbe event of respiratory depression or arrest 
from an ewerdewe of unesLhesta. 

BIRDS* ]"hiopental is administered intravenously via 
the W mg vein to geese, docks, chickens-, and pigeons 
fw induction of uuthttk AnesLheLic doses are 1 3—22 
mgrttg tor native Chinese put 18-26 mg/kg for 
ducks, and 1 3-IS iqftg for dbckm and pigeon. 
-Sudden death often occurs in pigeons during admink- 
traltort of line anesthetic. Ln the chicken, mjecLion of 13 
nig/kg of dtkfftOtll is wftbout satisfactory Tesults. and 
death occur if the dose *? Heeds 18 mg/kg. The relative 
lack of safety ynd short dunlin of anesthesia nuke 
ihis agent unsatisfactory for poultry surgery* 

NONHUMAN PW MATES, When short-term surgical 
procedures are iwUraiHd and rapid recovery m pre¬ 
ferred. thiopental i.v a useful anesthetic agent in nonhu- 
mun primate* (Day 1965; Siwycr 1965a; Domino cl al. 
1969)* Ln the chimpanzee, thiopental is- the agent of 
choice for long-Lenn (3-4 hr), Light-stage anesthetic 
pnicedures and short-term (30-45 min) surgical proce¬ 
dures (Bay 1%??. AccwUqi to Ibiy. the iniLi :lI dine of 
ihiopeniuL is 33 taj/kg, which produces light stage HE 

anesthesia. 

In the rhesus monkey. thiopcnial is administered 
uMrawiHiusly al a fne level of 25-30 ing/kg I Sawyer 
1965a; Dondm ct al. 1969k Acwnfinj to Sawyer, the 

ncvMory phase during induction of anesthesia is nm 
as turbulent us in the ciuune species, and the slow rale 
of administration of the bajbiluraLe can he readily per- 
fbn»d. Thla type of rsjxuk du ntig induci ion of anes- 
tberil reduces the possibility of administering an over¬ 
dose. Sawyer i 1965a.) advocates admiliMratk>11 of 
atropine (0.(14 mg/lcgi prior tu or ai ihg lime of un> 
thesia induction* 

Duration of thiopental unevihesiu inifin a single \ 
adininisIraLton is nol mure Lhan 10 minutes in Ihe rtie- 
su> monkey, and recovery generally is complete within 

45 60 rudaHtn (DoffliK et al. 1969). I 

RAURITS. Thiopental (2 l 5%) is used as ihe IV anch- ( 
thetu: of choice in Ihe rabbit (Sawyer 1965b)* Sawyer 
fwonuKoda ikw adm ini stratum via the ear vein while 

the respirator) 1 rale and oral and palpebral reflexes- an 
observed. He also emphasizes that ihe pedal reflex 
should not he used Lo determine depth of anesthesia: 
when this reflex. is severely depressed or absent, ani¬ 
mals may he in ihe terminal sL-uge of anesthesia. The IV 

dose level of thiopental recommended for ihe rabbit 


ranges from ?A J to SCI mg/kg; this will produce aitesi ltv> 
sia varying from 5 10 20 minuses. Full recovery usually 
occurs within 35 minute* {Muninck 1969; Wood 

1978 ), 

SNaXB, Ejjpcrimcinlly,. ckin grafting pn^ecdures 
have been conducted ini bull snakes [Piimphii 
cttlcmfcr) and Texas rat > mikes (Eiaphe gitiidriviaasa) 
using thfofKDtal and tlmiimyfuJ 2-6 mg/kg intraperi- 
loncally for induction of su^'-cal UttltilHta 1 Krarier et 
al 1965k Et is necessary to administer borh in dosages 
near the lethal level to be effective- Momm,. recovery 
is observed to he extremely slow, taking 48-72 hours 
even when analeptic agents in u«d i Kroner el aJL 
1965). A large number of snakes fail to survive harhi- 
lurate-mduLcd anesthesia. For Ihic renson, Keasier W al- 
(19651 found the use ol' inhalanl aiKsthciics mure aet- 
i^fijflory lltiin llitopenlal or Lhiumylal. 

KANtrAKCHlS. Small kan^arcK^s Mammar, wallaby, 
quukkiil are often anesthetized up lo 2-3 hour* for 
therapeutic nr research purposes (Richardson and 
Cullen 1.981)* Thiopental (2*59t)given in an IV dose of 
28.4 i 6.2; mg/kg for wallabies and 27 8 mg/kg for 
quokkas. provides an umouckHK stale tatllftonty for 
tracheal intubation and maintenance with haloUiane. 

Thiilbarbitul SodhuiL Thiiiihurhitul Sodium, INN 
(Thialbarbitonc codium), is a sulfur-wntaining barbitu¬ 
rate (Fig. 12.5k lls. duration of action is iiwnnediate 
bcEweenthe short-acting and ukrasbrm-acling bjirhijtu- 
rates. Thialbarbital has a potency of approximately 
ime-half thill of thiopental and has similar phamLueo- 
logic characteristics. It is classified as u Schedule ill 
compound under the I^Tfl Controlled Substance* Act. 

CHEM15TRT. Tins compound is a sodium >alt of 5H2- 
cyeliJiCxcn-1 yllN5 4itlyl-2-thiiihtirbituric acid. Iliia]bar¬ 
bital is uscil in about a i\Y* buffered aquecus solution. 
Unbuflcrcd solutions have a pH of J0.6. Thialbarhltal is 
almost entirely detoxified by body tissues. 

I liianny lal Sodium. Thicmwl-u! Sajipm. USF, is an 

dtrashon-ai^ji thtobaiWluriAe (vee big. 12.6) pre¬ 
pared fnr use in u mixture with sodium carhuniite. a 
buffering agent. It consists of pale yellow, hygroscopic 


t 
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masses of crystals. ThiamyLai is cliLssillcd as a Sched¬ 
ule III compuund under IIk 19711 Controlled Sub¬ 
stances Act ITiinmylul is ntM currently pnxJuced in the 
USA, although it wii_s widely used when IvalllMc, 

Cl ITMLSTRY.. ITnamylal is the thiobarhiluratc analog 
of secobarbital. lL Ls freely soluble in water. with a pH 
of abinjt JO. 5. Hie mjIuu™ is cle-uj. blight, and yellow, 
with 41 pungent odor- the pH decrease 1 ' slowly wfaetl 
carbon dioxide is al>yrbed from the almosptere. Air 
should tut be bubbled ihmugh the solution during 

preparation. It should be discarded if u precipitate 
tornUL 

STABILITY. Thiamylal as relatively stable as a dry ; 
powder mixed with sodium carbonate and timed in air- : 
tight v nils. Solution* nf thiyEViy I:iI eynimL by subjoLTlyd 

to heat of BtnliudM because of tteterwration, Reffig- 

station or storage in a cool, da-rh place is necessary 

once the pcefiuitHfl is in the form of a aohidM, 4ind ii 
should he used uiihin 24 Ikours, 

G.ENIt'AL USE. The clinical use of Lhiamylul is very 
s-imilur Lo that of thiopental. ITnamylal is slightly more 
potent than thiopenEaL This drug is discussed in greater 
detail In the 7“ edldoo of this, text 

!MtthuhL\il:Ll .Sihdium. Several hundred harhilurates 
have been synthesized in an ctTori lo find an ultrashort- 
acEing ibiurbiEurale wiLh greater potency and shorter 
duration of action than Lhe ihiubarbituraLcs, vii, 
lltiof^ntal and thiamylal. As tike result of lUf effort, an 
oiybarbiiunite imeihohcxital sodium^ was synihe>.ijyd. 
Mtiihtrfwxual Si.viium, IJSP (Brevaiwu BricEal, Rrevilal, 

BflVYlimytftJ): has (seen approved by the l-'E>A for use 

only in the dog 4ind cut, It is classified as a Schedule IV 
compound under the 1970 Controlled Substances Act 

Chemistry. Chemically, methohexital is n-J/-U 
mcthyl-5-t ]-methyl-2-pentynyl)-5-aJlyl-barhituric acid 
sodium (m Fig. 12,7). This anesthetic agent resembles 
^ipbiH+Kital itiKl pentobftrbital. the oxygen analogs of 
thiamylal and thiopental respectively. 

Methohexiial, with a methyl group on an N atom, is 
more potent than thiopental but has a higher incidence 
of CNS excitatory effects. WIku the anesthetic was 


Hirst introduced m clinical trials, c-unvukLun* were 
commonly encountered in humans (Steen and Michcn- 
felder 1979), Upon separation of the comp<mnd into its 
iwuners and identification of Ihose responsible for CNS 
excitation, the convulsanl pnipertics of methohexitaJ 
were greatly reduced. However. CNS cxcitaiicui includ¬ 
ing convulsions remain* a possibility following its use. 
The excitatory activity ol' melhoheiital has heen used 
Lo advantage in clinical diagnostic invesligations of 
petit mal and ternponil lobe epilepsy in human v 
Metlkihe^iLal adivutH 4ibnonpml EFG Imcipigs in 

e p l Uq > s V ■ p rt i rl e s u h | c u| 1 r 

SrAHIi.i EY. \ , ic. > ih<]hcx.ii4Ll il staMo m 4 up 4I4lhmus solu¬ 
tion at rivom cemperaiune for at least (i weeks at a pH of 
9 L it ik readily dissolved in saline or disLilled waLcr. 

Administration Meihuhe.iital ia 4id.niinistered us 4i 
1% voltuimk in the dog 4uu! cuL by the IV route* PlTivj*- 
culai injection does not produce tissue iniNitson. Rule 
of udiniii-iMruLioFl of nlelhuliexital plays an important 

rote iii depth and duntion of anndnii It is recom¬ 
mended that the drug, he injected as rapidly m p^slhle, 
consistent with safety, to reach a suitable plime of anes¬ 
thesia. lTie 1% solution is injected at approximately 1 
mL/scc. II' -a slow injection rate is used, muscular 
tremors frequently occur. Similar findings^ iibdudpng 
CNS ncilitHB. have been reported in htimails. 

When mcthnhcxital is injected rapidly, imliieiion of 
anesthesia iv smnoith and rapid. Dogs and eats are able 
tip lift Lheir heads or can sit up within 5-JO minutes. 
Complelc recovery occur wiLhin 30 minutes. When 
1M pfLMiLiizinc (3,3 ng/kg) 4idministered. preceding 

method ihd by I bovr, duratun of roetinbaiital n»- 

thc^ia m slightly prolonged but mowy is uihxiilwnr. 

In the Ureyhound. rectwcry from thiobarbiturate 
(Lhiupental or thiiimytal) anesthesia is prolonged com¬ 
pared to mixed-breed dogs Cijums cl al. I9h5j„ Recov¬ 
ery is iwer 1-3 dines as long after thutbarbnlunjiLe anes¬ 
thesia as from methnhcxitaJ anesthesia. 

The eflbctive IV dose of melhohexital for induction 
of anesthesia in Lhe Greyhound if 9-1 1 mg/kg. I"hc rec- 

wuiMded i-ute of iDjectkm ii about 25 png/^x (1 
m| Aec of a 2JS% HfutiflolL ItwdvflT^iu exXravafcuUr 

injection of Lhis cOfKOItntuni nui r^sidi in ?iny 
unLoward effects when left untreated as compared lo a 
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5% solution of thiopental, which esum swdling h 
tameness, and even slouching of tisanes. 

In humans, Lhc anesthetic is considered to b^ an ideal 
preparation for rapid induction Of hypnosis when 
inhalation anesthesia such a* haloihdUU is used. Since 
the drug is rapidly IKtfllulbflL il does ml interfere 
with use of inhalant aiKs.ihdics. 

TdKICnv. Ii has been observed in Inmans chat rekpi- 
ralnry dcprcuJon is more severe foDovini d» of 
methoteailal than wMl Ehiamyhjl or LhiupenLaJ al a 
comparable level of narcosis (Ihylor and Stoelcitlg 
I960). Inasmuch -us respiriUory depression is prevalem 
tihroughoui Ok course of aneslhesia in the human sub¬ 
ject, ii is necessary K> assist respiration by arlitVcia] 
means. In humans, pain al the injection iiie occurs in 
60flb of the patients, 

]n the normal, healthy dOf and cal ml least iwke the 

calculated dote of wicchnhejuuil can he given with 

safely. 

CoNTKAINUKATIQXS. MethoheaitaL should nnj he 
used as an aneslhelac in known or suspected eases of 
epilepsy in amnnuJs. its use tor anlicnnvukunt purposes 
hi 11 - iirneiu of strychnine prisoning, tcianu,. or oilier 
ccmdittons juaociaied with increased CMS excitation is 

inadvisable. 


DOSAGE. Clifford and Soma (1969) recommend a 
dose of 5.7 mg/kg for the cul. This dnsc of melhohexi- 
tul is slightly less than that (i.c., 7.3 mgfkg) formerly 
recommended, For dogs weighing up to 13.6 kg. an IV 
dose nf 7,3 mg/kg mdhotfedlal i* recommended: for 

dogs over L .l.ft kg, iiie IV duse is 5-5 rng/kg. 


CuWDCACp USB. Comparison of i Im patency of medio- 

hesilal and thiopental for several species has indicated 
llial melhuheiiiEul is twice as potent as thiopental 

miner and Tlkiw 1990). Tubk 12,5 gives the median 

anesthetic doses ud average duration* of anesthesia in 
the dog, cat, and monkey. 

Methiihexiial is used in I he horse as a 2.51 solution 
al a dose of 5 mg/kg. The anesthetic preparation is 
injected inlnrwnuusly al a rapid rate. The horse falls Co 
the grand w ithin 15-20 seconds, with the period of 
Anesthesia noi acceding 5 minuieN This permits- 






AMugh lime to insert an endotracheal catheter so shat 
inhalant anesthetics can be administered. 

Melhohexital should not he used alone because esjtcL- 
tsdna during recover)' limits its use in die horse (GrcillO 
19*6)- Prcmedicatmn with neuroleptic iigcnls facepru- 
mazinc. promazine!« in conjunction with narcotic anal¬ 
gesics (meperidine, morph inc) reduces the severity oF 
ettCiCuiftiri upon recovery. 

MelhoheRilul is used cm occasion in swine for 
deJUtiUilg toift. hoof Imnmtng, fcrtt inspection, and 
other minor procedures not requiring more than y few 
mi nines, A dose of 5 mg/kg is recommended for these 
purposes (Emberton 1966). 

This ukrushorl-acting oxybarbituraie has also been 
used few performing a venlriculocondectiafiiy in swine 
held in biomedical research fad lilies {Mackey et al. 
1970). The recommended I V ctnse of metbohexital is 8 
mg/kg. which produces surgical anesthesia of appro*!- 
finely 10-IS minutes. 

If additional anesthesia is necessary to complete sur¬ 
gery, inhalant luh-m Iu-i ic (ether) has. been used. Wiih 
this, combination of anesthetic agents the animals are 
usually standing within 10 minutes following- surgery. 

11 it" pig diaruLU-rtsLically shakes its head vigorously 
during recovery from most barbiturates, including nicil'in- 
hevilal. The animals should recover in a well-padded area 
and Hot 00 cuncrete fkxitv or other hard surfaces. 

hi llte domestic JulL melfiohes.il.ul administered 
intravenciiisly Inis no appamii effect when given m 
dose* of 5-10 mg/kg initially or when followed wiih 
additional dosages every 3-4 minutes, Ii is unclear 
whether the large fat depots arc responsible for this 
unresponsive effect or if a hyperactive hepatic inicre- 
simiml enzyme nyswm crises in ducks. 

In die rabbil. IV mdhuhcxila] ls given rapidly at 10 
mgfleg; ic induces light iiiK-dbesia within 3.0 seconds for 

2-5 minuses (Wood 1978k 

Melhnhca.itjl (10 mg/kg, I V bolus) has been used in 
captive and free-ranging munljae IMantmgm rew.tf) 
for mimubilizuLton purposes (Cooper ct al. 1986). 
A I though it induce nipid induction of anesthesia, 
some animals manifest an cAcitatury behavior during 

twmy, 

Secobarbital Sodium. .Stuiium, USP 

(Seconal s(xiium) (sodium 5-uIIyl-5-| l-mcthylbulyl] 


t AiSI.lv 12.5—Median imesthclie dose and average duration of anesthesia in animal* 


Animal 


Melhoheadtal wdrum 


Thicifwniul Hxfium 


rv inn her 
of animals 

AD50 ± S.E.* 

Dmbon of 

jjiL:-.UiL“iiu 

Hunter 
ef anteuii 

AD SO ± S.E.* 

Dii'ialiinS of 
driEr^lhcsiu. 



C rtgAft !• 

i min 1 



IWIfJTj 

Dew 

IS 

0.74 ± (W3 

19 

IS 

16,0t097 

142 

Cat 

20 

5.78 * 0.54 

39 

13 

1LU £ 


Monky 

IS 

4.43*0.21 

If 

IS 

9-95 1 1 39 

44 


Source: Taylor and Stocking I960. 
♦Siam-laid error. 
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barbiturate i, is a ^huri-ncling tftytir te un u c and the 

duaktl analog of 

Secobarbital has been used in dogs as an ]V na- 
EhcEiu - im arnibLnaLLun with mcpbenesmg a dcekud mus¬ 
cle rduuL However, lJii^ bubdurate appears ® be 
better wiled- tu pnaaeriutK, bual ancHihciic, and 
sedative uses. SiiKt abtJofUJlfll relax, al ion is hol :-iacis- ; 

frclocy following mephenesiis, iis- use in combination 
with b^rhiturdo anesthetics hah been virtually dis¬ 
carded. ^eoharhscal lias hem used as a sedative prior ■ 
to EEC recordings because it is purported Lu hawe te-ss 
ncunophysiokipic eJTecI than many Other barbiturates 
(Strobe] and Wullman ]9fM). Secobarbital and iLs salLs 
are subject 1o Lhe l L J7t) Ci.mtJi.dJed SubsLannes Act as 
Schedule IE prepuniln.mps. This dFUg 18 tttlCUfided id 
jtrcaLci detail in lhe 7th edition of this tnl 

BroAerUtnl Settn^ Htjobarbital Sodium. NF 
lEvipal sodium). is an alliwdioft-iduig oxybarbtlurate 
infrequency used for clinical purposes. It is s.ubjet1 to 

Lhe 1970 Con tro lled Subsumes Act as a Schedule ID 

drug;. A distinct disadvantage of hexobarhical is the 
uncontrollable excitement and iilaxia exhibited during 
recovery m Che dug. In lhe small laboratory minimal. 
hcxolsarhitaL is occasionally used for shod surgical pro¬ 
cedures. bur use in lhe ruJbbit. an IV dose of -44J mg/kg 
will produce yjKMhei'ia fur 5-10 minutes* with Cfflk* 
pfem recovery in 15 ndnum i Murdock l%Q), In ilw 
adult albino raL. hexuburbital is usually administered 
inlrapmLoneally -ill a dose uI UK) mg/kg fur Induction 

of anesthesia f Ben et flJL 1969). Thu drug: is discussed 

in greater detail in ikic 7* edition of ihis tu.\i. 


ihiamylal Medium, (w Fig.. I2.S)- 


FROPOFOL. Prupofiti USP (C,,H, O. Diprivw, 
Rapmovel, Propollo^ is a chemically unique aesthetic 
agent used both as an induction agent and as a mainte¬ 
nance anesthetic agem delivered by continuous [V 
infusion or inicrmitlcnt bolus tscc big. [2-9), P pj p uf hl 
has been available for human use since IWW and was 
recently labeled to veterinary use til Lite USA. it Id 
available for both human and merinwy use iiL Euiopt. 
Propofol is insoluble in wuLcr so it is available us an 
emulsion. Initially it wilv prepured with Cremuphor EL. 
fc^j-t this wu replaced wtth the currently available eswl- \ 
rim due to ilie ana|iiiyliM;ioi<l reactions amcuied with \ 






Propofol 


CH(CH,>, 



CH-CH, 

Etomidate 



i- ICi. \23 


ite Crcmophor L-L i Biuiimhi Hid i i. ■ *! W4* Rgvcs cl 
ill. 19*)4|. 

CheffllJfltTf, Prcifn.f'L.I i 2,h- diisupfop^lphcna]) is an 

alky phenol 1 h;i1 is an oil at room temperature and water 
insoluble but highly Lipid soluble. It is available as m 
aqueous emulsion containing propofol f 10 mg/mL). 
soybean oil (100 mg/iiiL). glycenl (23 ngAoLk egg 
ledlhin (12 Og/nL), -juhJ SflUdfll hydfotuk (to adjnsr 
pH). It is stable at room lempenture and not light *cn- 
sauve. The toinulaiion available uiMiiains nu preserva- 
laves nabd will supjHwi bacterial gnmih and endotoxin 
prcKluctiun (Arduinu cta.1. IW|| S 

rhitmiiiieciklirtetEa, Tlie phinunkiiHttei of peupn- 
fol in dogs is best described using a iwo-compan- 
nml i>pen model fZofin et ul 1993). hudAlly i he 

drug is estcenvively laken up hy Lhe TNS, resulting in 
rapid induelions r ll is then rapidly redistributed from 
the brain] lu other tissues and removed Irum Lhe 
]ilas3nii by imtiahtdism. Pm^^fnrh liptiphilie nature 
results in a Large apparent volume of distribution 
(Yd) (17,9 L/ky; in mind-bmd dogs); the ffittly- 

tUne volume erf dklribubon (Vd^J is ilu large (9.7 

The initial dUneributmi half-life <i iOB i h 

shorl. as is the plasma disappearance (r,.^L due to 

rapid mdtatributkm of the drug bom Lh^ brabi to 
other tissues and ntHuiw melabolua. The Vd and 

Vd are smaller in Greyhounds, I 1.2 Ulcg and (L3 
naL/lig re sped i vel y, suggesting iLghthuunds have 
slower recoveries, probably due to diffiCftAHt in 

hudy ctHiposithHl (Zonn ei ul„ 1993). The pliunn^- 
cotaMtici of propofol in cate has not heen deter 
minedj howevee uu appear to have a similar 
res-p^mse lo nud dOH requirerilenl for propofol (Gael 
1991; Weaver and Raptopwdot 1991; Morgan and 
Ijcj^e 19W: Rfcarley el il r I9RS), 
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Mddbullsnt ud Exerctim. Tht loud body clculnce 
of propofol \\ rapid and exceeds hepatic blood flow* 
Auppcslinjp exLrahcpacie metabolism. Indeed, m orw 
study dune on human patients undergoing liver tran_v 
phuiUUion. die amount of propofol metabolite excreted 
did not decrease when Ihc Irrer was excluded From the 
drcillatkn 1 Vero-h &t al. 1992). The site of extrohepatic 
metabolism is not certain, but pulmonary tissue has 
been shown In contxihute Lu propofol metabolism in 
tats (Matt* et id. 199.1) arid sheep {Mather el al. 19H9 Jl 
H owever, Lhere may he species dilTerent.es in Lbe site 
3 fid HDDOfVt of utnbepnk metabolism. Propofol is 
motalmliHd to glueunmide and sulfate conjugates., 
wiih only trace amounts of ocher compounds formed. 
The primary route of metabolite excretion is in the 
urine, with only small amounts found in the feces 

(Sfauu ot aL 1991 )l 

Cardiovascular SjltUL Propofol cun induce mild 
arterial hyi* mansion in dugs Inn the change* m mini- 
mid and are due to dose-related vasodilation and 
decrease in myocardial contract i I itY (Pagcl and 
Warftkr 1993). Even in hypovolemic dog.s (he prcypoful 
induced cardiovasculoj changes were minimal (BSkiw et 
al. 1992). In Greyhounds propofol ini'usicm did result iu 

a decrease in the heart rale lRobertson et al. 1992). 

Propofol can enhance the ability of epinephrine to 
induce cardiac an+iyUfamBLES but does not appear to he 

inherently mk]ftfalU|uk I.Kamikxayashi et al 1991). 
Propofol tan induce oxidative injuries to feline red 
blond, cells if used repeaicdly over several days. This 
cun result in anorexia, diarrhea, and malaise (Day et al. 

1993) . 

ttrspirnliMy System. The cifeci of propofol on the 
respiratory system is similar in lhal of the thinbarbicu- 
lHH. Short pencils of apnea are commonly seen u-ilh 
ptopifol AdnilUllldfll in dogs. Mild hypercapnia and 
iieidusisi ure uImi «en in spontaneously hreaLhing dogs, 
hnl neither is severe I Eikiw et al. 1992; Robertson et al. 

1992). 

Ctnnnl Nervwis System, PropodU inducts CNS 
depression by enhancing (be effects of GABA, an 
inhibitory neurotransmiitEcr The sile of acLion is dilfer- 
enl from that of Che benzodiazepines (Reves et al. 

1994) , Propofol wiD decrease the onlracrujmaJ pressure 
(ICP) in patients whh normal or elevated ICP. There is 
also a decrease in cerebri! perfusion pressure tflod- 
Hied with propofol administration, and the dcerea.se in 
perfusion pressure is the major cause of the decrease in 

ICP (Rrves et al 1994; Wreslen 1992), Propofol causes 

a decrease in ktnrenlv pressure as well. ITie effect of 
propofol on seizure activity i\ inn certain. Et was ini¬ 
tially considered to have no influence on seizure uctre- 
iCy. bul later sluditrv have \bowrt a do^e-related iincicon- 
vulsjuu effort (Hcavner et al, I992( 5 More recently 
there have been scverul aneedolal accounts of sponUL- 
ncous movement and seizure Activity during and after 
propofol anesthesia in humans- and dogs. After kw 


doses of propofol, the EBG shows an initial increase in 
OH activity followed by a change U 6 and fl frcqucncui. 
Encreasing plasma propofol level* results in hurst sup¬ 
pression (Revcs l'C al. |l 994 ). 


Oinfeal 1st- Propofol is used as an Induction agent to 
he followed waih inhalation ones.lhev.iiL and as a main- 
lenance antithetic. It on he iulminlatiend hy intenuil- 
teni IV bolus and continuous, infusion. It can he ciiI uLclI 
for couLinuous infusion in S r ± dextrose, but il should 
not be diluted Eo a concenlrotion kv-s than 2 m^niL. It 
should only be administered intravenously; pain on 
injection ii regularly observed, especially if snail I 
peripheral veins n used Propofol dim crota the pla¬ 
centa and enter the fetal circulation, hut it appean to he 
readily removed from the feial circulation after birth 
and produces minimal effect* on healthy, newborn, 
human infants (Doilland el al. I9K9)„ Propofol is used 
almueH exclusively in small animals. For economic rca- 

mjiik; however, ii has been evahuted in ocher Aperies 


Dogs. Propofol can he used as a. single IV bolus for 
induLiion. In unprcmedkaied dnp che menu dust 
required ranges from 5.0 in 6J vi|/k( (Geel 1991; 
Weuver and Raptupoulos IWI). The tndutlion dose 
will produce a short period ol unc™sdousm>v usually 
no more ihan. 2-4 minutes (Morgan $iml LejigC 1989). 
Prcmcdication with a iranquili/er or other CNS depres¬ 
sants will reduce Che dose required by 25*§ or more. 
TIk Induction duws required fur Greyhuunds Wtt n<n 
differem from that required for mixed-breed dogs; 
however, the recoven,- time was longer for Cpreyhounsls. 
If propKEfol is to he used as the maintenance anesthetic* 
it ean he delivered os an irifu^iun or intemtilieni 
hoi uses. A dsise of ti.5-.Tri nigAg is used for the mere 
mental boluses, and they will need hi be repeated al 
regular intervals. The infusion rate will vary somewhat 
depending on the other drugs used and the amount of 
Murgieal stimulation. Since propofol itself is u poor 
analgesic, im opiate or other analgesic is often used 
concurrently (BfUSffll and Omt 1994). After premed- 
icaticuk witlt acepromurine and atropine, on infusion 
raie of ri.4 ingyk.gyiiLiik pTLKlLieed surgical anesthesia in 
all patients undergoing various proecdurcs i Hall and 
Chambers 19S7). Lower infusion rales me utilized if 
more-potent drugs are used concurrently. A propofol 
infusion rate uf 0.25 mg/kg/mm produces surgical 
unesthe-sia after premedicalion wiLh xyliizine (0-2 
Dglk|X fentanyl {0,01 mgAgh and gJy co p yi roiaae 
{(kOQ3 nig/kg) (Zcnn ci all, 19931 


CATS-. The repruted induciicwi do*e of propofol in cats, 
nuigev fn™ 5.0(d W.d (Weaver and 'HiLpuipouluh 
1991; Morgan and Lcgge I9K9.I. The reported effect of 
premcdicatiun with ocepromazine is sutnewhuL van- 
uble. with some reports showing no effeci (God 199-1; 
Weaver and Refftopoulos 1991; Brearley et aL l L *HB) 
and one showing a redudion tn prc^pofol requirements 
(Morgan and Leggc 1989)1, As with dugs, artestheswi 
c-oji be maintflined using intermittent boluses (LB 
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mg/kgj {Morgan iidkl Lcggc 1969) ut continuous infu- 
mm (OJ mg/kg/rn*n) (Broartoy ci aJ r 1988}. 

Ormt Species. Propofol (2 k wa.s odniilt 
Lenal to horses tbllowy lyk&ie {0,5 wind I U mg/kgs 
premeditation |Manw ei al 1994), The horses given 

the Iw dose of lytutee wen munteit tor 25 nit 

utes and those receiving 1.0 mg/kg of xyla/inc were 
rucumtwiii for 33 minutes. hi both regimens rhe quality 
of recovery was excellent. IFnpremcdic^ced horses 

were given 2,4„ or 6 mg/kg of propofol iiiLrav-eocKi4y 

Adminisinjiiyn of 2 img/kg did nut always, result in liii- 
eral rocunbeacy. When 6 mg/kg was iidminislered, rhe 
hemes took approximately 4K minutes t-n stand up and 
exhihilcd a decrease in respiratory rate and PaCO, 
(M-iunu et al„ 1993), Propofol has also been used in 
dunkeys ftnr induction 12 mg/kg IV| and nudntenanfe 
of -BiK*4hc*i& after cktomklme (0.015 mg/kg IV) ptc- 
mediftiliurt, Hie average maintenance infusion rale was 
0.21 mg/ScgVmin (Harisfi^ldei al 19934 fn foali propo¬ 
fol (2.0 mg/kg FV) ha^ been used tor induction. After 

induction an infusion at un average rale of (1.33 
mgAg/mio was ttttd to maintain anesthesia. The fouls 
were premedittiJIeiJ with xyhixiiire (OJ mg/kg IV). 

Prop ofo l htLs hcen used in rah-hit*, aivd the “MAC 
■equivalent 1 " infusion rate has heen determined m he 
npproximaJely 1.2 mg/kg/min (Henderson et aL. L994|i 
Frupofol has been used as an induct km agent in rabbits 
prtiiKjdivuled with ucepronwme. medetomidmc. ur 
rrMsktomidiiK and The IV propofol dam 

were 10,4. and 2 mgAg, wpecti^dy (Ehuh tutd Fherhurt 
M2; Ko et al. IW2V In pigs inFusions (if 9-13 mpflcj&flir 
did produce anesthesia hut the animats still lespondbd to 
painful stimuli even al the highest infusion rate. Also, at 
□ mg/kgfltr die pigs were apcieic (Mtsdtt el al. 1992). 

ETQMIDtATK. Etomidace (Amidate, Hypnoinid^ic) 
is a nonbarbituraEe [V anesthesia induction agenl that 
dew not possess analgesic activity (Owen 1979) (see 
big. 12.94 Induction of anesthesia is rapid (like that of 

thiopental ) 4Pamewo and Odugbesan ] 9?Hk Elomidatc 
iidminiMrjtwn decreases plasma ccntisul levels by 
skoriqg tlw formation of cortisol. This occurs as a 

result of the inhibition of the mym ll^-bydflny- 
lase. This has been u concern an surgical patienLs 
becauve of the potential fur a decreased response tu the 
stress of surgery (Rcves et al. 1994k In both humans 
fRevts et al. 1994) and dop (Dodam el jlI, 19901 ihe 
plasma cortisol levels are not hcLnw normal values. 

('hemiMn. Etnmidojte is iui imida/ole with a chemical 
t'unnuhi of tf-f+FpeiUylethyl- l//-imkiarolc-5 eajhos.y- 
laie sulfate, Tliere are twi> itOUKfS Nil the (+) isomer is 
the only one with iiwthmic properties. Eiuruidate is 
supplied us a 29b solution in 35% propylene glycol Tt 
is nuE water soluble and is unstable in a neutral solu¬ 
tion. The propylene glycol base Hun been axxuciui^d 
with intravascular hemolvvis (see Ltotmicke et al. 1997: 

Moon 1994; Koel al. 1993k 


Phunnaciililiirlics. EtonidiK appears to fit a liiree- 
ataputmeat pharaucakinetfc nudeL The lillia! pri* 
maty cau.se of ibe return to omkmusku after admiu- 

LstrsiEiLHi of A bolus of elomidiiLc is redistrihuLinn Emm 

the brain to cHhcr body tissue^, tt has a short redistrib¬ 
ution half-life (29 miuuEes in humans: 23 minutes m 
cats) and ;l relatively large steady-suae volume erf dis¬ 
tribution C2 J-4,5 lAg in humans. 2J=7 L/kg in aits), 
Tlk; eBmfalliw liid f ife varies from 19 to 5,3 hours an 
htmam and is 3 horn in cuts (Remet al. 19y4; 1 k^k- 
ins 1992k Approiimiffty 75% of douidue is protein 

bound in the pliisma I Haskins 1992 k Bcceust of Us 
rtipid redtstribuciiiti and eltiniiuititm if li administered 

hoih m ® single hoi ns for flborl anesthesia tod m in 

infusiLvn for longer aneohei ie limus (RubeTtsmi 1992), 
the drug dtjes cross Ehc placenta but fetal blood levels 
are appreciably less thaii maternal blotxl levels (Esencr 
•et id. 1992k 

MrluMhm imd KlCfCttofL L-lomidaLe undergoes 

hepatic hydrolyBii to form a carboxylic acid as a uuijor. 

inactive melabe^lile or secondarily Dftdcr^ME .V-dealky- 
laLion Ikes es et aJ. 1994 )l ITie uipelaNsliics are excreted 
via the kidney and bile. Very little is excreted 

un^hjiiig-vd., Deontcd hepatic function prolong? the 
holf-lrfc of dmidik, 

Cardiovascular System. The luck of HfoiflCAiS car- 
dmvijscular effect is eUunidate' , s primary advamape T ll 
has minimal cardiac nr peripheral vascular elf eels in 
the normal palimt ( kobertson 1992; Su/eret aL 1998; 
Ta^uiii et al. 1997 k The ttfdkwatailar HaMUty tttfl 
in elomidate-anestheti?j?d patients may K’ due to j|i 
Back of res-piHwc to barnfeceptnf-mcdiaEed cardio vascu¬ 
lar control mechanisms (KLssin et ill, 1983), There is 
SOW eviderce that patients with euidinmyopajlhy may 
not respond in Lhe shk way. An increiLte in peripheral 
resiiUDce was **%-□ ta uinuls i hui had induced left 
ventricular myopathy (Fujel et i] r 1998k 

IR<espirat>ory Sv siem. Re^pitfaLiiHi is only slpgluly 

dcprc 5 .«d by eUunidaic, A dose of 1,5 mg/kg in the dog 
dad mirt produce -tignilicunt changes, in arterial hkhid 
gas values and a dose of 3.0 mg/kg produced only a 
miSd decrew In uurkl PO. ;ind a mild respiratory wei- 

dtvn (Nagel et al. 1979), 

Central Nervous System. FJonfiLdate's meehnnism of 
aclicni appeant to be vim un enhancement of the effect of 

GABA in its receptor sue (Tomlin et aL 199HJL ITiis 
effect is limiLed to the R(+) bdOWOf eLtimiidule.. hJo- 
miniate significantly rodacci cerebral blood flow and 
the cerebral metabolic oxygen requirement m4 pro¬ 
duces u dctrcusc m intracranial pressure in paiienis 
with elcvaled intracranial pressure. The cifecl on ihe 
FJiG is similar to that of ch* bnrhkuritot. ll has been 
aAKocialed w\ih an iuereo.se in F.FjCj activily in ^pilcpto- 

gnk foci anti It atndned with ttywknk movemenk 

bui the myoclonic ocdviiy is not liwillwl with FF.C 
, change* iissuciuled whh seizures (Rcves daL 1994). 
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OtoJcal Ufb In uuvnals^ the drag has poteorl hypnotic 

action and a wider margin of safety than LhiofKiilaL 

fflCduhaklL unU prupanidid (huso fit Hi. 1975; Van 
Hanune ei al. 19783k Thu therapeutic ialL;* of etond- 
Jsite in like dog is 16. Thi^ ineau the lethal due is 16 

tim^s ih c cfruaU dose. The therapeutic index, for 
thiopental is 7 I'Kobcrlson IW 2 ). 


DoiJlS. Jn the dug- LV utomtdato produces rapid and 
safe anesthesia that is hemodynumicidly bfer Lhan thi- 
amylal I Nape I ci al. 1979), Dogs given medetomidine 
(MIS mg/kg) followed by utomidato given IV al a 
dw uf 0.5 rtlgAg and an ill fusion of CtOOlkUtC al it rate 
of 0.05 mg/kg/min exhibited no tigdlflcut Ctfdiowk 
cuIat chHQtfl Rlited to dfcv dooidik inhosioa (Ko ei 

al. !W4k F.ven in hypovolemic dogs, the significant 
cardiovascular changes UHCittHl with elnmidate 
administration are limited to a decrease in heart rate 
(Puck d llr i992)r Lob of consciousness occurs in 
3 5—20 seconds: a small dose (L5 mg/kp} induces anes¬ 
thesia for 8 ± $ minutes, and a Large dose (3 mg/kg) 
produces anesthesia for 21 ± 9 minutes 1 Nagel et ill. 

19791 


Cats. BlHnidalc (0.8 mg/kg I is equipment to keta¬ 
mine (5 mg/kp 1 mcthobesriUil (2 mg/kpl and iillhesin 
fl.2 mg/kg.l administered kttAWUUtl) in awake cats 
(tuque and Amdl 1982). Etumidate has been used fur 
■wnktlc laducthn m cm ;u ® doae erf 1 mg/kg. titer 
pmmdkiliaii wiih t imnqu Mwi (llldw 3994). 

Other Species- in liboniory mice, Annulate {2.1.7 

± LS nig/kgi given LiunipefitemealLy pennies surgical 
pniocdures up Ui 20 minutes after induction tChnmwalk 

and Healing 19813. Etomidatc can be used as a mainie- 

nancc ancMhetie in pip* ai a dose of 0.2 mp/kg with 
midazolam CM mg/kp. (Option el al- 1997). 


CHLORAL HVDRATK. Chfoml Hvdniir, USP 
frCL 1 CH|OH].i was introduced im-n medicine as a 
hypnotic in 1840 by Liebrich bectutt il idtlted chh*- 
roform in vitro and was though! lo do the sarnie in vivo. 
Subsequent investipjtiLWi revealed ihe error of ihis 
assumption, ll was amnng the Carat CMS dcpKOUti to 
be used in veterinary surgery. 

Chloral hydrate was fuse injected intravenously into 
atperimenkat aalnwlH in 1872 by Ort. Three yean Inter 
Huinbvrr injeuxto 3D 70 g UurmoDuly inn? hones. 
Chloral hydrate has sum been infected inrtravennudy 
to produce surgical anesthesia in large animals, espe¬ 
cially bom. 

I"he drug is diuified a_s a Schedule IV oompHnl 
under lire 1970 Controlled Substances Act 

Chemistry. When acetic aldehyde is chlorinated, 
triehlomueetaldehydje (CCIjCHD) is fonned ihe end 
produce is chloral, a heavy, acrid uiL Chlurul cumbines 
with one itnltciik of water to form chloral hydrate. Ft 

occurs as cdodm translucenl crystals containing not 


kss than wji Of CCl.CHlOHl. Chloral hydrate 

vnluIilixH on exposure co air and has an aromatic. pen¬ 
etrating odor. It has a slipliLly biller. ClUfitk Laste. One 
g is soluble in 0.25 ml. wai^r ;uul iih I 2 ml. of die 

cffluwM fill solvents. 


Administration. Chloral hydrate in solution can be 
injected intravenously and is- administered orally in 
solution or by capsule. Simple-vtomaehed animals gen¬ 
erally have little Hu id m their stomachs, id the drug is 
better administered in dilute solution to these aperies to 
dttfUK local ini latum HO I be gustrie mucosa. limiting 

is often produced in canivonut animah front lirltitkn 

erf Lbe gastric mucosa. PittHfltt of fnd in the stomach 

reduces i rrituit cffccig of the drug upmh the mmu and 
deemw the likelih^vd of vomiiinp. 

Chloral hydrate is not a satisi'aeiory anesthetic 
hecattbc it has low pain-relieving power. In addition, 
so-called anesthelic dosages severely depress the respi¬ 
ratory and YHHHUrtDT centers. The anesLhetic dosage 
approache-v the LD 1-( and therefore h haziudous. 

Obknl hydrute is best employed m Che htirt* tor its 
hypAOtic action Iir tor general inutbuJi as a bii.^fll UT- 

»llc with MippleittoitiiLiiiin by thiopental (Crispin 
1981). IV irijttlKH) for hypnolic effiKI pruvides the 
advantage of almost immediate -ux/Ciun. compared. Lo a 
delay trf 15-30 niinuCes folkmdtig oral administration. 
This tlrug is discussed in greater detail in Lhe 7*edition 
of ibis text. 


CHI ORA I, H Vi JR ATE AM) MA< ISES IU M 
SULKATEr A mixlurc of 12^ chloral hydrate and 6^ 
magnesium sulfaLe in solutnui for IV injecLnin has been 
ibdvocatcd fnr anesthesia in large animals. This miilure 
is shihlc indelinitely. ITie solution is administered 
intravenously in htserses jj! a Tate not exceeding 30 
rnL/mm let iwid excessive depreubo of Che CMS. 
AdminislraLion JcS dktconlinued when lhe Mage of stLr- 
pieal anesthesia appears, as- indicated by ^l 41 wing or 
absence of nyslapmas arid ocher significant reflexes. 

Aaetttnit unilty IMfcs over 30 minutes. 

Addilion of magnesium sulfate was originally 
thought Lo enhiuice depressant action of Die drug mix¬ 
ture through iLs own depressant effect upon Lbe CNSJl 
is now known chat the miignesiuiri ism exerts little if 
any direct depressant effect on (Ik: CN-S (Bowen d al. 
197 D), Tbe primary effect of BUfDUiom is its neurn- 
tmivctilar bUieking aciion. similar m the eurerifnrm 
agencs. From this sLuidpoint. magnesium is hcnedicial 
in pn^ducing skelelal muscle relastaLion. w hich chioniL 
hydrate does poorly: lnumuch us magDokiin sulfate 
alone produces uuly cieuriunusculitr blockade mid death 
diic io asphyxia, ii is consklcrcd inhumane to use il in 

eulhuuuiB (Bowen et eJ. 1970). 

The combination of chloral hydrate, magnesium sul¬ 
fate. and penloharbilaJ sodium (ongiiiiilly iibarketed 

under the proprietiry umes of CUoiopeat ud F^ui- 
thesiu) provides Bane of lhe desirable depressant 
actions of each compound wiLhcmL the individual pro- 
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nounccd buxicitkn. The original combination proposed 
by MUkfllnck and WiilJingu (1946) for in 

hcirses and cattle cLiosistx csf chloral hydrate. JO g", mag¬ 
nesium sulfate. 15 g; and pentobarbital, 6.6 g dissolved 

in J000 mL water 

Pentobarbital cannot he LwkJed 10 she yjluiimi of 

dltoftil hydrate arid magnesium sulfuric unless il is to he 
used within about J hour. A-Tlcr 2 hour?*, a preeipiriUC 
forms from exposure or chloral hydme to lhe illalifr 
ity of pentobarbital Commercially, stable solutions are 
prqpaml by substituting the relatively insoluble pemo- 
barblluric arid for the soluble sodium salt. Solubility of 
the raid cunipuu-Tkd has been imre-uved by use of propy¬ 
lene glycol and ethyl alcohol in lhe advent. This. drug 

is diKKKd in greater detail in the 7" edition of Lhis 

text. 


GLAlFENJiSIN. Guaifenesin, USP (CiecolaJe. Guai- 

pheiKsln Cuiiiliotin)+ formerly named glyceryl guaia- 
COlJLtr, has htf^n Used us a therapeutic agent for over 
S decades. An excellent review of the hislorical devel¬ 
opment of medical uses of guaifenesin has been writ¬ 
ten by ftnfc (197®), The drug was first used for its 
amlgKfc, antipyretic, and expectorant properties. 
Guaifenesin is chemically similar to me-phenes-iii and 
meprobamate; it is designated as j-jH-methoxy- 
pheiwxy }* | .2-propanediol (Mg. 13.10}, 

Guaifenesin has been used as un adjunct to aneslhe- 
seu in the hufw since 1949; in Lhe USA it was first used 
in 1965. The compound increases the potency of pre- 
jmesLhtlic agents and barbiturates, it is a central-acting 
skeletal muscle relaxant that selectively depresses or 
blocks Tie rve Impulse transmission at the intern unci a I 
neuron level of the spinal cord, brainstem, and subcor¬ 
tical areus of the brain. 

Guaifenesin is approved by the FDA us a muscle 
n?!arcE for use nn the horse hut must not be used in 
iuiimals intended for human consumption. A S% con¬ 
centration of the compound is prepared by dissolving 

dK powder (50g/Lji in sterile water. 

Ntsahilitv. Guaifenesin is a white powder with a bitter 
tutt It is- not readily M.ilublc and partial ly precipitates 
out of solution ai 22 n C or lower (Funk 1973), Hitting 
and agitation usually eliminate the predpLijUt'. Only 
freshly prepared solutions should he used. However, a 
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i tV& solution of guaifenesin made m sierile distilled 
water can apparently he safety dntd at room tempera- 
tun; for at leu^t 1 week: the only problem is develop¬ 
ment of a precipitate (Grundy und MkT&mcll I960) 1 . 
Guaifenesin appears to possess some bactericidal und 
bacteriostatic properties. 

In Australia, a stabilized solution of guaifenesin 
(QuttHe Subfl) lor Nona hbeen cum menri ally for- 
iiiuliited in a cuncentruLiun uf IVI i Kulhoiu and Rex 
l9S4)r 

Administraliipn und Dura lion of Action, Although 
guaifenesin has been administered by all parenteral 
lOfliflt. it is bes| administered intravenously. Orally. Lhe 

drug must he administered in high dosages to produce 

a perceptible cffetJ. AeirideiUid pcrivusL-ulur i iiju^cilhii 
of 5% guailenesm does OH result in severe tissue reac¬ 
tion. Hornwr. chrranhophlchili-s of the jugular vfiui 
MCWI several days after UKftbfrtiia; this <:fTovl my he 
associated with use of guaifenesin {SdHtZTHft I974) P 
lhe primary disadvantage in fehe use of guaifenesin 
■s chi lar^i vi^lunh? ®f fldutkm required parenterally to 

produce relaxation The effect of the drug is brief (Thv- 
cmnr and Jonex 19701 Duration of aetiiwi of a s iogle 
musde relaxant dose in 15-30 minuies fPedcrsoli 


Fhanrunhifpc fonudeTatMiK, Pl>lysyn:iptie reflexes 
are more elfecLtvely blocked by guaifenesin than 
monosynaptic rellexes. A number of literature sources 
indicate that hy itself guaiferKtio has sedative, hyp¬ 
notic, and analgesic effects. There is evidence llial 
sedative and hypnotic effects of lhe drug are due to like 
depressant effect upon the reticular furniaEiuih of like 

bradm&ni. 

Side effects produced by the drug include u transienl 
decline in systemic arterial pnioK when used <200 

mg/kg i intravenously in lhe dog ■with thiopental and 
haluthiuic anesthesia (Tavemor and Judkcn, 19701 . When 
Used alusie in the dog. lhe effect upon systemic arterial 
pressure is slight. A tachycantta occur atier the drug i§ 
ikdmmi.vLered, but heart rate rcLums to normal within 3 
minutes idler injection. 

Guaifenesin ISO me/mL) In S'® dextrose in etnihhi- 
nalton ^ilh xylazinc mg/mlJ and ketamine (Il 

mg/rnL) h«s hern infused lotttvaously m dogs at the 
nk 2,1 inf Agflir ti»T over 2 hours widkouc adverse 
■ effect (Bctuoa et ill. 1963). Cootknau bifuskm of the 

I gnaifetnh^xylazioe-kcUunioe mixture dkoes not sigmf- 
| teuvdy iilleT iIk heart rate, arteriiil pressure, m sysLemic 
vastular resistance. The cardiaL* index is decreased sig¬ 
nificantly by ihjL maxturUp which nuy he due Hi i\ 
dfiORH in stroke vutumc. An increase in arterial car¬ 
bon dioxide tttUM and lowered arterial pH occur 
after [V inAuion of these th™.' drugs: this coinrickt 
ankconiilanriy with hypt^cnrilacuTn rhai i§ iiHluccLl hy 
guiiifenesin. xylur.inc. and kefljminc. Benson et all. 

( 1985 } did not see ventriatinr dyirikyttunlu ot EC© 
signs of myocurdial hypoxia or ischemia during Uw 
tnAtaiotL Hcwewr, muus dytrhyilunii nu obsconl; ii 
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w« ibolnbad by TV adhthoiflimlkn of 0,011 mg/kg 
glycopyrroLaic. 

In the hone, [V administration of guaifenesin (160 
mg/kg) produces recumbency; minor cfFecIs on cardiac 
and respiratory rates. along with a slight drop in mean 
lyAHkic arterial pressure and arterial PO.. t ncru j (Tav- 
tifHf 1970), [n buffalo calves. putifemain induces a 
PHpErtory aejferfi (Singh 4 A, 19*1). AUixia and 
muselc b I m Um an produced in attic after an IV 

doK(S0 mg/kg) of guaifenesin; recumbency is induced 

after an IV due of 100 mgftp. {Hubbcll ct al. 1936), 

When guaifenesin {ECl mg/igl is administered intra¬ 
venously ill the ilirorse wirth Lhiopentol (3.5 mg/kg), 

recumbency and slight decline in mean systemic arte¬ 
rial prepare OCCUfr IV admmiNLr.jiti.-un of guaifenesin 

uionc (134 ± 34 mg/kg), sufficient ID produce lateral 
recumbency in mJuli bones, results in a slpflcut iP 

< 11115 1 drop in arterill pA»*sure tHuhbdl el A 19BU), 
However; changes in heart rule, re-spiraicwy rate, right 
alnal pressure, pulmonary arterial pressure, andeardiae 
output are insignificant following administration in 
busses. 

GuaifeneKiu m therapeulic amounts does not lead lo 

lhe htifrtfdl of puilysu of the ruusde (mLeicusiul and 
diaphragm |j of respiration as peripheroJ-aeiing skeletal 
muscle reia.ianLs -do. Kespiralory activity usually 
remums normal aller a thenipeuLic dose. Jn the dog. an 
IV dose -1204} mj/kg) lus only a sliglu effect mi arterial 
P'O . indicating that alveolar ventilation is unaltered 
(Imtur and Jones L970) P Only when doses greater 
4 him Ihose recommended are used in therapeutics will 
respiratory paralysis he conic a problem, Approxi¬ 
mately ilhree So four times I he quantity required to -pm- 

duce recumbency of the bone cm he admiiiist-emJ 
before death occurs (Funk 1973 ). 

m m 

Hemolysis, may he Induced when cwwntriikw of 
guaifenesin in txoesm of 5% are used. However., a few 
sources in the veterinary literuftire Indicate llui hcmol- 
ytb is. insignificant with. guaifenesin solutions up to 
IS*, 

Kindies of disappearance of gtudfv'r.-in from Mood 
plasma m the pony have been studied by Davis and 
WuJff( 1970 ). Of particular kncnM as the sex difference 
in rate uf disappearance of guaifenesin. Race of disap¬ 
pearance ($ m = 59,6 ± 4.8 mini in ihc female h mow 
rapid than id tbc mlc (f ■ 84.4 ± 7,9 mini- This indi¬ 
cates that the drug would need to he administered more 
frequently CO inainlaiu dfeci in the female, and recov¬ 
ery would ho more rapid. 

(linlcal Uk. Guufenesli) has boon used in humans, 
domestic animal*, and variooc fporicfl of laboratory 
animals,. ITie IV dose approved for dk of ST 1 guaifen¬ 
esin in die bone is at a fixed level of 2.2 mL/fcg (I IQ 
mg/kg). MhI clinical mu in Ibe horse are in line with 
this dosage (GertflOl and HlktiSM 19hS; Heath arid 
Gabel 197th; Coffman and Pcdenioli 1971; Jackson and 

Lwbdl l9T^ faferwti 1972), 

Guaifenesin 4110 mg/kg i given alone and rapidly by 
the IV mule induces recumbency in ahoul 2 minutes 


for about € minutes of light, not quite surgical level 
restraint {Heath 1977). Prejncdicatiofi with a phem> 
thiulEW derivaiivt followed by guaifenesin {110 
mg/kg) products recumbency inure easily and rapidly.. 
This provides about 12-14 minutes of light, alrnosL sur¬ 
gical level restrain!. 

Prcancstbelic preparations used intnvHKNttly and 
reaunmended prior to administration of guaifenesin, 
offer a number df uptions (Pcdcrsoli 1972): (J) chloral 
hydrate ij4 j/5Q kg), (2) pcoouziu {300 dtfg/454 kg) + or 
(3) acepnomojinc [OrOS mg/kg). 

Usually, guaifenesin (5%) plus an ultmhorl-actiflg 
barbituraie such as- thmpcnlal is administered rapidly 

hy the IV route 10-15 minutes foDcwing a preanes- 
LhcLic level of xyla/Jne. Guailcncsin ijhO g) h;is also 
been used with pentobarbital {3 gj and SQft dextnewe 
(125 mh) in waler up lo I L f Keeron 1972), A 1lotal of 
I L uf Ihis prcparalion is used by rapid JV injection for 
ovariectomy in a dull mares. 

i 

Htifses may tn; preinedicuied wilh IM acepromu/Jne 
(0,02^0.05 mg/kg) or m ct. Igookt soch as sylujcineor 
ddomidine W M8> mi nines btfOR a lO 1 ^ guaifenesin 
bolulion \s administered hy the IV nnute ihnnigli yin 
indwtlhng catheter 1'Un.HJWLT 1985). Ciuaifcncsin is 
given to eflto unfti iduiboD of (he blodqhUfttrt 
wm ft is Mmuarttd when ihi> effect develops. This 

is immediately followed hy a rapid IV fcqjoctioo of 

dboptmal at a dote erf SM mg/kg or 1 g/uwi kg. 
Goufonesui adnulBlered by ilieabos^ infusion proce¬ 
dure amounts. In 48,7 ± 7.7 fBgfltg over 3-4 minules 
4Brouwer \9K5% Wbea abdU< OK-lulf ihe dOK erf 
guaifenesin is udmini>iered. lhe head of ihe horse drops 
sligblly iuhl lighi sedulion OCCUR. Cuntinuance of the 
guaifenesin infusion ulLimutely Leads- to reloxalion of 
lhe hindquarlerv und swuyinp. Recumhcncy occurs 
2JJ- 30 seconds after the fV bu-luv u-f thiopental. Accord¬ 
ing Lo Brouwer, [he limbs and jaw arc immediately 
relaxed, which makes il easy In inmhaic Ibe ifiichw fc*T 
administration of hakuhanc-oxypen. The time of recov¬ 
ery uulil landing after haloChanc-oxygen anesthesia 

and toductifla wkh guail'enesin-LhiupcnLoJ ii^ 35 ± 22 
minutes l Brouwer I9S5L 

Guaifenesin as the sole induction agcnl folU^wcd hy 
haltuhiiiw aneslht^ia has been used successfully ui Lhe 
boru {Sduksnaa 1974 k WIkii used altme U-f-. noL 

with an ultrashcur-acting hurbilurare fur inductsosu, u 
higher average respiration rate and a lower, more hah 
cooed pulse rate arc noted. However, ii requires a 
higher average couircntniLion of hakithanc to induce 
and maintain anesthesia. 

Administration of xylazane (U mg/kg) intra- 
vecausly 5 nlouts prior hi guaifenesin reduces Lhe IV 
dose necessary to induce lateral recumbency to 88 ± 10 

mg/kjg in adiiU horses (Hubhcll ci a3. 1984^. Wiilumi 
prior adminisLrjLkm of xylazinc, Lite JV dose required 
to priulwc recumbency is 134 ± 34 mg/kg. 

Giuiifcncsiii, xyla/ine. ytid kjelinloe hydrtKh bride 
can he used as a safe reeihixl of reMraim fi.n cabling 
the horse iVluir et al. 1978), This drug eanbiDStim 
minimally depresses cirdiopoldtofiacy lunclicm even 
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iif anesthesia is to be maintained with hakithane or 

cnfluranc. Moreover, Lhe combination provides safe 

induction and recovery from anesthesia. Approx i- 
malcly 30 minuter prior lo induction of anesthesia 
with IV guaifenesin (55 mg/kg) in 5% dcMnsc* 

sylaiine (2.2 rng/kg) h administered intramuscularly. 
Immediately fo|lowing induction of anesthesia with 
guaifenesin, ketamine (1.7 mg/kg> is admin istered 
intravenously if Muir et al. 1978). Anesthesia can be 
maintained with halothane ur enflurane. Guaifenesin 
(SO mgfinLh xylkEkne (0.5 mg/mL), and ketamine 
(I mg/vnl.) can be used as a continuous infusion for 
maintenance of ancslhesi.il in horses. Jl is iidrniiiis 


tmd at the rate of 2.2 naL/kg/hr after an induction 
protocol using xyluiike (1.1 mgftg) IV fallowed an 
5 minutes by ketamine (2.2 mg/kg) IV (Henson and 
Thurmnn t990). Guaifenesin has been combined mi h 

detuinidine (>14] |ig/mL) and ketamine 1.4 mg/mL) and 

administered at a continuous infusion rale of 


ft, 8 inUkgfnriin (Taylor et al, 1998}. 

The combinaciufi of guaifenesin (5ft mg/mL), keta¬ 
mine (I mg/mL), and aylazinc (0.25 mg/mL) provides 
effective analgesia in the dog; it is infused imra- 
wenausly at a rate of 2,2 ml Ag/hi (Benson d al. 11945). 

In swine a combination of guaifenesin (50 mg/inLj. 
ketamine (I mg/m Lb and ayluriiie (I mg/rrtL) can lx; 
used for induction and maintenance of anc%thctia. An 
initial volume of 0.5-LfJ ml Ag is rapidly infused and 
then 2.2 itiL/kg/hr is infused lea niimiLiin imesihesia 

(Thumrnn 1986), 

Guaifenesin has been used repeatedly ill 4- to tt- 
weefc intervals in the horse; one animal received the 
drug 4 times without any adverse efleet (Lindtey 1916). 
In a man.- with dystocia. puifeoe&ill (25 gMODIllL) has 
been used with xylazine (2 mg/kg) and peWobirbilaJ (I 

g in die initial 400 mL of solution) intravenously for 
cesarean section (Cohen 1975). This anesthetic proce¬ 
dure is recommended to save the mare when Ihe fetus 
is not alive. 

ill has been shown (hat a 10% solution of guaifenesin 
made in sterile distilled waive is most suitable for clin¬ 
ical equine anesthesia (Grundy and McDonell i960). 
Mure ihun 500 bones have been given this concentra¬ 
tion without clinical evidence of drug-related prob¬ 
lems, 

In the malurc bu.IL 5% guaifenesin and 0.2%- 
thiopcntal in 5% glucose solution i$ administered (2,2 
mLAg) intravenously for induction of anesthesia (Car- 
nerefl ;il. 1975). This is followed with halothane-oxy- 

gen for maintenance of anesthesia. 

An IV dose of guaifenesin (165 mg/kg> has been 
used alone in male buffalo calves (Aildb btthalis) 
(Singh ei al. I9S1) and in a dose of 90 mg/lcg w ith 
thiopental (5.6 mg/kg) i Agrawal et al. 1983). A marked 
artenall hypotension ami tachycardia occur in Ihe buf¬ 
faloes after induction of anesthesia. Also, guaifenesin 
has been used in IV doses of 27-11ft mg'*kg in a vari¬ 
ety of nondomeslic ungulates such as die Pr/ewalskiN 
horse, oryx, -eland, and watertwek (Janssen and Ooster- 
tUUl4 1984). 


Gudfenesha (50 mg/ml.;i has been combined with 
ketamine (E mg/mL) and aylazLne (0.1 ilgAnL) in 5% 
glucose for use in callJc and small ruminants. This 
combination is administered inlravcmiusly to produce 
recumbency (about 0.5 mLAg): mainlenamre of kines¬ 
thesia requires a flow rate of 2.2 mLAg/hr. 


ALTO ESIN. Althesin {Sqffm CT 1341) is a steroidal 
preparation containing two pregnanediones for induc¬ 
tion of anesthesia (Child d. al. 1972a). The anesthetic 
properties of steroid* have been known since the 1940s. 
A paper published by Hans Sc lye as long ages as 1941 
began Lhe saga of the use of steroids in anesthesiology. 

Althesin is in use within Canada and the UK but has 


run been approved in the USA by ihc FDA for me in 

animate. The steroid anesthetic combination has been 
released for human use in Canada; h may bcaunc a. 
useful anesthetic in outpatients undergoing minor sur¬ 
gery 1 Dunn et al. 1978k 

Althesin produces immediate mduction of uncsLhcria 
of short duration when it is administered intravenously 
into experimental animals: recovery is rapid and with¬ 
out complications. Anesthetic activity of althesin has 

been determined in mice, rats, rahMts, cats, dogs, and 

monkeys (Child etttf 1971), 


Chemistry. Althttbi contains IWti prrgnanediones, 
ilph&jtflonc and slphudolorie acetate, referred to ad- 
steroid 1 and steroid It respectively (Fig, 12.11) (Child 
et al ! 972a). A polyoxyethy toted aster oil Cre- 
moplior EL. is the vehicle,, or carrier substance, for 
these steroids. IV injection of the vehicle into cats and 
dogs induces a screw arterial hypertension ('Loren/ et 
aL 1971); this effect is nd produced in sheep, rabbits, 
pigs, or humans. 


The anesthetic preparation contains 9.9% 
w-eight/voluinc IW/ V) steroid 9 and 0 3% W7V steroid 
II. One mL of althesin contains 12 mg of both steroids, 

t.e,, 9 mg ctenoid I and 3 mg steroid II. tk-isage is 
expressed as mL Focrmulated tolmkna/kg or mg total 
steroicWkg. 


Phannat'olog.ie Activity, In the cat, 1.2-9 mg/kg 
althesin administered iflftvdm&iy produces a tran¬ 
sient drop in systemic utefUl bkmd pressure and 
Liehyeairdia within a few seconds after injection (Child 
et al. 1972a; Middleton et al. 1982). This is succeeded 
by a slight rise in blood pressure during recovery from 
anesthesia. A similar effect upon arterial pressure has 
been observed by Haskins cE al. (1975). On comparing 
effects of allheKin in the dl with betefltirte and syla/iiie* 
(all udnunistered intramu>eiilarly). althesin induces a 
sustained decrease m arterial systolic pressure of about 

2 ^%, white xyla/ute and ketamine elevate the pressure 

(Fig s 12.12). 

Wilfelo b-9 minutes Mlowing irtJedkMk Child and 
coworkere (1972a) reported that animals are able tn 

stand and, after a pcrhxl of ataxia, a rapid rdunt to nor¬ 
mal is observed. An IV dose of 7.2 myAg althesin 
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and xyluyirw (4-4 m£fk£|i (Hnskiras pi al 1 '>7 S II 


administered 5-10 minuics prior Us use of inhaJani 
lUUbcda has proved to he a tiHH|M]bk procedure. 
CjiIs are Ku.vih-rLK.'l(.ynly maintained for 50 minutes by 
inhftbtiw igetti (Child m ul. 1972*). Neurumusculiu 
agoni* mdl Jis RUCCiflyldulhK, ^-lubocurarine. or gal- 
iamine with alihesin arc compdiible T Pre-aius^hciiL 
agenls such lis atropine (1 mg/kgj and meperidine (7.5 
mjtfkg) admin Mered intramuscularly I hour before 

inductin with dthaii (7.2 mgfleg) art suiiCkckvily 
tainted (Chili m al, 1972a). 

A dose (0.4 mg/kg) of abfwrin admin i.Mtred incra¬ 
venously at a nficof 0-1 mLAg/see Off 1,2 mgAftoc in 
[he eat produces immediate loss of the rightinp reflet, 
which lasts. for about I minute, with complete recovery 
from fltam after about 7 miniuw (Davie and Pearce 
1972), Depth ami duraninn of effect inentn as dosage 
increases. uraLiL with 3.6 mg/kg the corneal reflex is | 


siItpmjili tm 3 miniLitfs. SioTj£iciil i* achieved 

for 5-1(3 nunuLe* wj|b a dose of 7,2 mg/fcg, Cyts loter- 
ate a dose of 19-2 mg/fcjp *a ach only slight d^pre^h-Hi! of 
rapiruEicm. but 32.4 mg/kp induces apnea. vaseuUir 
collapse. and death I Davis und Pearce 1972), 

lihductimi of AfliUtbuil with alLhesin does dot poten¬ 
tiate bakKbiK-epiftqdiriiipe dysitaytluuiu during 
halcHhane maintenance i Dodds and iWiSddll 1972 k Ail 
increase in pulmonary vascular resistance in goats 
occurs (blkmnf 0.11 mlVfcp nr 0.22 m!Ag ofaltheflA 
(Fab and Pryt-RobefU I972 ]l Heart rale Increases 
23% with the low dose md only slightly (6%) wi th Lhe 
higher dose, Cardiac output wresss EUgMy *illk Lhe 
lour dose (0.1 Si m[An i und returns in HI nonuhl 
ahutil 1: minule alter IV atairtHWiop of ulihc&in. The 
hijdtL'T dene (022 uUkg) decreases cardiac output to 
‘ almom 20%; It return m near normal about 4-S min 
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ui@ following riminifitnftnn i Rm and Ptys-Robcrti 
1972). Althesin has less of a negative inotropic Action 
on the myocardium of Lhe caL Chan LhiopcnUil or 
propanidid ifiordh 1972). 

The half-Life of atpliXllOtt in plasma of ral.> afier 
IV aKfaniriisiraiioia of aH-ho-Ln is approximately 7 min¬ 
utes (Child et id. 1972b), A similar half-life nuts in 
mite and mm keys. Neither alphax alone nor 
alphadolone acetate is extensively protein bound in 
serum of rats. cats, horse*, or humans; about 705f of 
ik radiolabeled compounds are excreted in (he bile 
wiil'ii,ii rhe first 3 hours afier [V administration of 
althesin. Appreciable amounts of radioactivity appear 
in both urifiie (20-30%) and feces (60-70^> for up Eo 5 
days after administration Gunn rats, a strain deficient 
in ghicurunyl transferase. sleep longer afier althesin 
llii m normal ran. Apparently, glucuroni.de synthesis 
plays a part in metabolism and ext'jelion of these 
steroids, Prd uni nan, studies with radio-4 afae led dpliax- 
alone indicate Shot the major biliary metabolite in tile 
rat is a glucuronict of 2 a-hydrcmyalphaxdune (Child 
ci at. 1972b). 


Irrespetiive of the dwage of althesin, Child and 

eu^orktfrs (l L J , 7“2a) observes! HO injury to ihe veins, and! 
no vomiting in the cat. The !M route of administration 
(I5-| K mgA^g) is. useful in kittens where veni puncture 
is difficult to perform (Hall 1972). 

Hormonal effects of althesin have been evaluated in 
mice, raLs, and rabbits (Child efe al. 1971). Althesin pos¬ 
sesses less than one-si xtixth the iKlivily of heUiwetiui- 

sdoe and is slightly less Active than hydrocortisone- In 
udrenaleefamized rats no evidence of mi neraloeon i- 



allhesin. Moreover, it docs not possess estrogenic or 
prngcsiatLonal activity in mice. Althesin is. capable of 
antagonizing the uterotropic action of exogenous estra¬ 
diol: fiotisequMitly, it possesses, weak inilies-trugeriic 
activity. 




Clinical Use 

Cats. DepLli and duration of uotesifoesia wnh different 
dosages of a lilies in have been divi ded into four easily 
observable phases (Davis and Pearce 1972}: (I) Ihe cal 
is ataxic, (2| there is loss of the righting reflex and (he 
cat is lying oil its side. (3) the pedal withdrawal reflex 
\% absent , and (4) the corneal reflex is absent, 

Rif induction of anesthesia in the cat. a single IV 

dose of althesin 19 mg/kg or 0.75 mUkg.) Ium been used 
clinically lor va^ [ration uikI denial surgery (bs.m es al. 
1972 i. Duration of anesthesia is 30-12 minutes; surgi¬ 
cal procedures requiring more than 5— 10 minutes may 
be extended by injection of additional small amounts of 

ihe anesthetic preparation. Even after -4-R hours of inter- 
mi Lie ml administration of althesin, ols awaken within 

30-45 mimne* of the finuJ injection (Hall 1976}, 

Althesin L;ni he used to maintain surgical unesdiesiu 
fbr a prolonged period in the cat by repeated supple¬ 
mentary inje£liQftfi of one-half Ihe IV induclion dose 
without significant cumulative anesthetic or respiratory 


depiessiini effects (Dodds and. Twisscll 1973}. How¬ 
ever. iwlatied- dinicjj.1 reports have indicated dial cessa¬ 
tion of respiration occasionally occurs and efforts to 
revive these animals are unsuccessfuL 

Althesin may also be administered inliumusctdarly 

i.9 mg/kg) for clinical procedures such as radiography, 
dcmjtling, and examination of die mouth (Evan el al. 
1972). This, dose will produce sedation of the animal in 

ap-pro*iiTiately 7 minutes after injection and sedan ion 
will last for ahout 5 minutes. According 10 Evan anil 
□□workers (1972), 12 nig/kg £ I itiLAg) til the sin admin¬ 
istered intramuscularly will result in deep sedation or 

light anesthesia that is sufficient to permit a number of 
mimir surgical procedures such us drainage of an 
abscess or suturing small superficial wounds, The max¬ 
imum response produced by this dose level oocitrs ill 
7-ft minutes and has a duration of action of about 115 
minutes. Light sedation produced by an IV dose of 4 
mg/kg has been suggested in premeditation prior lu 
induction of full anesthesia with althesin or other anes¬ 
thetic agents (Evan d *J r 1972}. 

RABBITS. Althesin administered intravenously in ihe 
healthy rabhit at 30 mg/kg (one-half rapidly and ihe 
remainder slowly K> effect) will induce light anesthesia 
within I minute and tab 6-7 minutes (Wood 1978). 
,Additional althesin (4-6 mg/kg) can he adminivtered 
intravenously to increase duration of aneslhesli. Indue 
tion Lind recovery from sihherin is without CN.S excita¬ 
tion; full recovery occurs within 30 minutes. 

Avian Species. Cooper and Frank (1973) concluded 
that althesin is of value in die chicken when adminis¬ 
tered by the IV mule. Analgesia, muscle relaxation,.and 
speed of recovery w ere considered to be excellent m m 
IV dose level up to 14 mg/kg. However, they suggested 
an IV dose for birch, of 10 mg/kg. Althesin appears to 
be :i safe drug even in recently captured bird-, ref prey 
unaccustomed to restraint. Given by IM and intraperi- 
loaeal routes the drug is of limited value because large 
volumes are required to induce analgesia (Gw per and 

Frank 1973). 

In the red-tailed hawk (Atilwjanuicmii), the dose 
of althesin should he 5 mg/fcg or less intravenously 
(Cooper and Kedig 1975: Crihh and Haigh 1977), 
Complete sinus. arrest. followed in some cases by 
ectopic heals and then by tuchye^rdia for several min¬ 
utes, occurs after mlminisiraJljon of althesin. Sinus 
arrest and transient bradycardia fallowed! by tachycar¬ 
dia are seen in mallard ducks {Amts plafyrhynch&s} and 

Canada geese (Brtmta awadffnsisi, With die high inci- 

deTicc of sinus unrest and tadhycardia. it appears ihm 

althesin should he used cauiiounly m red-tailed hawks, 
mallards, and Canada geese fCrihh and Haigh 1977). 
In tubal ion of the trachea in birds is relalively easy 
because althesin aMiahes the swallowing reflex (Har- 
eouit-Bmwii !I978) P 

In the budgerigar iMelppitttucvs undulatus t an EM 
dose of althesin (36 mg/kgJ (WWidcs ;ut aseruge of 12 
minutes of anesthesia (Curtis et al. 1977.1. This dose 
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appears lo be litistetory for general use, since 

repeated dosages t un be safely administered if die ini- 


lull dYecl is inauffidcnl for induction of anesthesia or 


if prolongation of anesthesia is necessary. Hypothermia 
is well rea>£in/cd following anesthesia of small birds. 
Maintenance of the bird’s normal body temperature 
during ajK^lbesia ami recovery contributes Co the safety 
margin of uiKsfhctics, inc lading that nf althesin (Curtis 

el ah 1977). 

A combination of althesin (1 2-1 7 iiig/kgk kelaininv 
(5 mg/kg),, and xyla/.inc (L mg/kgi injected into the 
jugular vein has been used to induce anesthesia m 
osiriches iSmtshu) cameius) f, Gandim et al. 1986k 


HobSESp Allhcsin administered intravenously in 
horses and ponies is associated with CNS excitation for 
up to 30 seconds after recumbency i Ealcs 1976). Mus¬ 
cle relaxation is poor. Slight slimularioti results in 

iwiErhing and violent kicking fur up to 15 minutes, 
Althesin does not appear m offer an advaniage over 
presently used anesthetics in equine pmctice and has 

several dudvifitafa (Gales 1976 ). 

BABOONS. Althesin is safe to administer as an IV 
infusion to baboons premeditated with ketamine 
iCookson and Mills 1983), Induction is smooth and 
recovery is rapid. 


Si be til 3 . At kuft 1.65 mgAig (V althesin is. needed to 

induce ancsthem in sheep (Waterman 1981). Ihe 
mean jirtmal pressure dKTHSCl 50% at 30 seconds 
after in jeetion but lasts for only 10 minutes. Premed- 
ieatioH with atropine or mepyramine fails to alter ihb 
hypotensive itetim Injeeiion of the carrier or vehicle 
Crernophor EL alone has no effect upon mean arlenul 
pressure. Althesin in a mean 1V dose of 3 mg/kg is 
most useful clinically, Infusion of a dilute solution 
(0.234 mg/kg/mm) maintains anesthesia. Sheep 
recover rapidly from althesin anesthesia, 

Swine. A'lthe&in (1-8 mg/kg) administered intramus¬ 
cularly into tlw neck induces slight incoordination with 
mild sedition io a deep sedative effect and inability Lo 

Stand lo swine weighing 17-93 kg (Cox et al. 1975). 
Effects of althesin usually occur within 5 minutes of 
administration, arc maximal between 10 and 90 min¬ 
utes. and are mapparent after 90-180 milHflet. 

IV fldministraiicHi of aWittwi (2-3 mg/ka) \% fol- 



(Cok et al. 1975). Apnea occurs in some animals for 1.5 
seconds alter IV administration of the drug. Muscular 
rclajuiiion is. excellent for 4—10 minute*, and endom- 
dmJ intubation can be performed during this time 

without difficulty. Some animals are given a/ape rone 
(4 mg/kg) intramuscularly as a preanesthetic 50 min¬ 
utes prior to allhcsin. 

Preliminary clinical studies indicate lliul althesin 
(4-8 nig/kg) induces an excellent sedative effect in 
swine when injected intramuscularly: ID contrast to 
azapemne. sensory stimuli do nappear to elicit a 
marked arousal response (Cox m *1 1975). The large 
volume* of the anesthetic solution required to achieve 
anesthesia by Lhis route of administration and the 
expense preclude such use aL present. Oonvendy, 
according so Cox mi cowwkers (1975), smaller vol¬ 
umes produce a short period oi anesthesia, w ilh excel¬ 
lent muscular rcUxaiiou and minimal deppressioui of 
respiration when ihe IV route is u^J, In thh respect 
alLhesm is superior to combined use of Morphine and 
aceproTnazane (EmniubilonL AddlUCHl&lly, recovery is 
rapid, with less smuggling compared to use of the short- 
acliifeg hypnotic (i.e., metoniiidale hydrochloride). The 
divid vantage of althesin for induction of anesthesia in 
the pig i s its short dural inn of incticwi (Owt ei al.. 1975). 


Rukiilbs. Althesin has been used in 13 reptilian 
species (Lawrence and Jackson 1983h H appeals to- be 

an ideal agent lor anesthesia in lizard* and dwlttffllwigr 

Fish. Althesin ha* been used in brown or rainbow 
trout following immemuii in a solution of hen/cicaine 

(furmeriy ethyl amiunbcnmaie) (50 mg/L), Within 30 
seconds fish are sufficiently sedated to permit weighing 
iunl subsequent injection of the calculated anesthetic 
dose (18-36 mg/kg) (Oswald 1978L Althesin is 
injected by the IP route or u cumbinatitil of two thirds 
intraperatoneally and me-third mtmiiiusvukrly, IM 
injections greater lhan ft2-0.3 mL art not (com¬ 
mended because of reflux of anesthetic solution out of 
the injection site. 

Dose*, of althesin IS mg/fcg and over produce anes¬ 
thesia: lower doses only induce scdalioai. Duration of 
anesthesia ranges from 1-3 hours al 24 mg/kg to 4-6 
hours at 36 mg/kg. Dows of 24 mg/kg and owaJw^ys 
induce apnea Recovery fmnii arttilhesU character¬ 
ized by a slight phase of excitement and is quickly fol¬ 
lowed by sedation. In moat fish, recovery from althesin 
is. cofnplete within 2 hours (Oswald 1978). 

(cmlruiiirdications wind Drug I ill erections. Use of 

althesin in the dog is conU^indicated because the non- 
ionic surface active agent (he-, Cremnphnr EL or poly- 
oxycihylated castor oil) in the preparation causes 
release of histamine (Stock 1973), which results in car¬ 
die va.se lit ar collapse in this spectra* However, IV Cre- 
mophnr EL may also liberate mast cell histamine in the 
eat and induce arterial hypotension, as in dt^s (Lorenz 
et al. 1971). Allergic reiu;tiorts such as scratching, 
penpheral edema, hyperemia of die cars, urimaiicwi. and 
defeeaiion are regularly seen in cats (Dodmim 19K0; 
Middleton et al. 1982 L Anaphylactoid reactions may 
have been revpinMEk 1 for some of the unexpected 
deaths after administration of atLbesin (Edmonds 1973; 
Rheinhcrger et al. 1979). hlflicdvcT, respirMufy failure 
after use erf althesin has resulted in death (Ruben 1979), 
Apart from hiirbaEura1.es. any pceopemtive and post- 
□peralive inediaml and inlt-ii kill i.nuil iigCi'it cam he used 
in conjunction with altliesin (Stock 1973). Alihesin 
must Mf be med irnrhimnim tTavemor 1977). 
Anesthetic :idjuw»nbk including pressor agents, adren¬ 
ergic blocking figenis, and iiUiilciNics have been itscd 
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without adverse eflbctt (Stock 1973). Sktkial miw- 
cb-pinlydig drugs have also hetn used in- die ^ 
-during ullhe*in analgesia and anesthesia. Only a slight 
rcdvciion in activity of sueeinylcholinc chloride is 
noted! during prolonged infusion of althesm. Notflbct 
on activ ity of oilier neuromuscuLar blocking Igentl hn 
bra dwived 

PI&SCKIATIVIl ANESTHETICS, Three dlssod*- 

livc juKsIhctio drugs have current interest in veteriuiy j 
medicine: phacydldk hydreKhloride and its con- ] 
geners, ketamine hydrochloride, -und liltilumina 

hydrochloride. With a high abuse record in. humans, 
phencyclidine was banned in 1979 for use in ihe USA 
lc was moved from Schedule II to Schedule I under the 
Controlled Substances Act of 1970 but has been reda®- 
sified as a Schedule ll drug. 

A catuleplic-lype Stole referred to us dJflSQCtfltivv 
anCMhcslu is typical of phencyclidine and its deriva¬ 
tives and is accompanied by majiked analgesia in must 
specie* (Thurmun vt ill 1972i The tvnin dfuociadrw 
iuresihciic originated from use of ketamine in human 
medicine, which causes the patient to fed difiockkd 
from or unaware of ihf enviponmem during induction 
(Price 1975). Ketamine is approved by the FDA for use 
in the cal and subhuman ptimuLes, Tiletumine in com¬ 
bination with mboepuBL iTeUwl)approved by ihe 
IDA in 1982 for soutbedc use in dogt and cals, 

Phencyclidine Hydrochtaridc. Chemically, phency¬ 
clidine hydrochloride (Scmylan, SemyL GP-121+ Cl- 
395) is Ml-phenylcycluhexyl) 1 piperidine hydflxhlo- ■ 
ride tFig. 1113). h is a while, glistening solid with a 
high degree of solubility in water. Phencyclidine is 
classified as a Schedule it drug under the ConErolkd 
Substance* Act of 1970. 

Pharmacologic Considerations., Phencyclidine 

differs preally from general unesihelk^ in duut ibHfKC 
of responses to nociceptive stimuli is runs accompanied 
with loss of corneal, pupillary, and other reflexes. In 

mo*i if not all specks, pbeKjvUdliie in high dosages 
andDM a generalised increase in skeletal muscular 
lone and eawtepsy. h induces stages I and II OKrtheui 
bui not stage III anesthesia.. 

The primary pharmacologic effect of phencyclidine 
is depression or stimulation of life CNS nr a combiu- 
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lion of these (SLolikcr 1965 k According to Stolilccr, the 
quality of the effect produced by phencyclidine is 
highly speck^-speciCic. In mice the principal initial 
effect is exdtolkn and not depression. Hy*iW, in (he 
dog and mher -■ p: >. :l -i depression is produced by phen¬ 
cyclidine m low dosages; excitation leading Lo convul¬ 
sive seirures may occur following large duu (StolEkfir 

1965), 

[M administration of 2 mg/kg phencyclidine in (he 
ilk'Mis monkey mulls in significant decrease in heart 
race ahotii 3 min arcs after ihc injection and lasts 2 
hours (Popovie el al. 1972). A corresponding decrease 
in systolic and diastolic arterial pressures, along wiLh a 
drop in central venous pressure. <?ccurs. ibese changes 

are only ri jplfknl for ihc initial 9G minutes. ICO 

irregularities, along with prominent changes in the 
QRS amplitude al so occur. 

The EEG of phencydidinc-ircaicd monkeys is 
affected wiLhin 3 minutes following injection. 
Decreases in amplitude of ti rhythm and. occasionally; 
6 waves appear lu be reestablished (Pofxnic et al. 

1972), 

Three hours laLcr, upon repeated administration of 
phencyclidine up toone-half tbedw (Lflm 1 mg/kg) by 
the EV rouLe, the drug produce* an immediate but tem¬ 
porary decline in arterial pressure, change in the ECG, 
and catalepsy (Popovie et a). J972). 

A number of author have relerred lo the died of 
phencyclidine and other central-acting drugs upon 
behavioral quulilies of offspring following use of IIkm; 
agents in pregnanl wklttk, [t h suggested by Tinge 

()973) ihiii i Ik devetofrfag brain «f DHUtos may be 

particularly susceptible to phencyclidine. 

Ketamine Hydrochloride, Ketomint MydntthlaHJ^ 

UbP ifKetalar, Ketasei. \feUlar B Kclajecik is u congener 
of phencyclidine und li chemically designated as 2-U>- 
e hiorophenyl )-2'{ me Liiy I a mi no) - eye lo hex a no nc 

hydrochloride (Eng. 12,14). 

Ketamine is a unique general anesthetic First intro- 
duccd into human medicine in 1965; in 1970 il wo* 
introduced for anesthesia in like cut. Its lack of car¬ 
diorespiratory depresaion h unequaled hy any orher 
general anesthetic currently available t Limning and 
Harmel 1975). Ketamine is an extremely versatile 
agent because it can be administered by the DM or IV 
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mute wiihfflii appnciibte tissue irritation. Some irrita- 
tion occurs during IM injection. because die pH of an 
aqueous, prepniin of iHtiumne is 3.5. 

Adverse effects produced by phencyclidine mdi as 
orukigync activity. tremors., tonic spasticity. and con¬ 
vulsive seizure* are ■nrtlinuirily less pn&mHnHcd with 
ketamine. Although ketamine h;is been approved by Elue 
FDA for use only in the cat and subhuman primates, it 

i* being used In most of the other species (Wright 
1982). If has not been approved for use in uniiMJa 
intended for human sxmiimpriun. 

Ketamine i s classified m a Schedule I El drug under 
ibe Controlled Substances Act of 1970 . 


Ketamine is mofe mawnly used ati eomtoLnatliM 

wish, oilier anesthetic agents. Its u.-sc with nitrous oxide 
and skeletal muscle relaxants provides .adkzqtijatc anes¬ 
thesia. for intra-abdominal and thoracic surgery 
(Vaughan and Stephen I974J. 

KetimirK apptar* m curt the majority of its CNS 
setbora via its antagonistic effect at iV-metbyl-D-aspaj' 

taic (NMDA) receptors (Orser ci al. IW7j_ Other ev i¬ 
dence suggests it may have effects al other receptors, 
vuirh as- g In La male ifdoghaddam d uL 1997: Kress 
I 997; Sharp I996; Ue%& si 1994; Cioodchild 1993). 

Ktfamine-induced analgesia is mediated al least in part 

via opiate receptor* (Taylor and: Kenny 1993; Finck 

and Ngai 1982). 


PhARMACOLlM jIC Cotfs3DERATIONS. In humans, kef- 
amine has been used primarily in children for rapid 
induction of analgesia. According to Virtue and 

omwikm (1907), i here is. presently n more rapid 

mcihod chan [V administration of kef amine. 

CKS c ITgcl.s 4il’ k Ll.iiri i iw:, us chumCUtkztfdi by tllir 

EECi, indicate that depression of the 111 a I a rn o neoco rtj - 
cal system occiiirs in eonju.rRi.ion with activation of the 
limbic syMcm. Even though limbiL" activation me Lulling 
epileptiform EEC patterns develop, there is no evi¬ 
dence that seizure activ ily spreads to the cerebral cor¬ 
tex (White el al. 1982k Pan.ido!iieally, studies hfLVe 
revealed that natural steep is a more potent stimulant of 
convulsion* than ketamine in the epileptic individuaL 
CortBequently, ketamine is not likely to induce convul- 
llonsi in porienis uiih seizure diwanle-rs. Actually, 
experimental studies indicate that ketamine may have 
anticonvulsant activity iRcdcr el ul. I9®0). However, 

some of the early and more recent literature refers to 

ketamine as an "epileptogenic anesthetic'" (Oguehi et 
al. 1982k Until more information is available, keta¬ 
mine probably should not he used in animals with a 
history of epileptic se mires. Because of the dual CNS 
action of ketamine, it is characterized b& a dissociative 
anesthetic. 

Ketamine Induce* anesthesia and unn»ta. by ftme- 
[iiiwi;il disruption (dissociation) of the CNS through 
marked C NS stimulation cw induction of a calaleptoid 
state. 11 induces stages I and II anesthesia but not stage 
III anesthesia. 

Ketamine generally xtimiilaies the candnvascular 

system. This effect is thought to be due to central 


effect! that mimic ibe effect of sympathetic nervous 
system stimulation. 'Ihis central stimulation overrides 


any direct peripheral C4irdiOvUscular depfi^^ml effects 
of ketamine (Rcves ei afl. 1994). 

Ketamine increases cardiac output, mean aortic 
pressure. pulmonary lAtfill pressure*, central venous 
pressure, and heart rate. It has a variable effect upon 
peripheral vascular resistance. There is evidence that 
the adrenergic system must be intact l or these cardio¬ 
vascular responses to occur (Christ et al. 1997). Con¬ 
sequently. ketamine probably acts either directly by 
stimulating the central adrencigifc centers or indirectly 
by inhibiting the neuronal uptake of catecholamines. 

especially norepinephrine (Adams 1997). These car- 

di-ae-stlmu taring properties., In addition to its anliar- 

rhyihmie action, make ketamine a good induction 

agent for poor-risk and hypovolemic patients tl.aiming 
Lind'. H amici 1973). However, for maintenance, keta- 


iii HR may be a liability in subjects with severe coro¬ 
nary Insufficiency, since it elevates myocardial oxygen 

consumption, Moreover, dogs made hypotensive by 
hemorrhaging develop a greater oxygen debt and dete¬ 
riorate more rapidly with kelamine than with 
halolhane or neuroleptanalgesia. In the isolated per¬ 
fused nit heart, ketamine alters decimal activity by 

prolongation of (he PR and Q-T intervals (Aronson 

and. Hanno 1978). However, ketamine doc* nm induce 


major alterations in the BCG pattern of nonhuman pri¬ 
mates (Gander ci al. I98CK). 


Work in the cuL Sha> shown that ketamine inhibit* 


efferent cardiac saga! drive by its central action inde- 
pcfhkntly of barorefleK. Amctlon; this, central vagolytic 
effect is believed In be responsible for the positive 
ehronipuropie effects of ketamine (toque and Arndt 
19K2). Other anesthetics Lhat induce a central vagolytic 
action leading to tachycardia are althesin and the bar¬ 
biturates. 


An interesting and important pharmacologic effect 
i - I keturniiDc is it* el I eel upon ■- r i r . .i ■ ■ ? i- VLmy unes- 
lll^lks art; pulciit Jepnuvsaiits rtf llwr Vecililatu-ry 

response to hypoxia, whereas ketamine is not. Keta¬ 
mine decreases airway resistance in asthmatic 

patient* (human); a bronchodilator such m amino- 
ph; dline may also he administered before nr during 
ketamine anesthesia without adverse effect (Stint cl ul. 
1982). In the dog iiiR^stheri/ed wilh thiopeutalL itn IV 
ernnhinatiipn of keiumme (5 mg/kg) and amjno- 
ph ylline (10, 25, and 50 mg/kg) does mil induce car¬ 
diac arrhythmias, 

When ketamine is used as a mimoanestheCic. pha¬ 
ryngeal and laryngeal reflexes remain active (banning 
and Htfmel 1975). Preservalion of (hc*c rdlexes. 
however^ leads to jncreare of laryngospaAm, bmn* 

ehftspasm, and enughing secondary to secreLions or 
manipulation in the orophary nx. These complications 
make kefiamme a poor drug for use in eodoscopy nr 
orophary ngeal surgery. Additionally, keCumnie stimu¬ 
lates salivatkm, whkh mu^t be Mocked by a nonL-en- 
trally active antlsialagngue le.g.. glycopyrrolale) prior 
lu indiiCEkMi erf anesthesia. Also, ketamine increases 
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rmdwd-bti.nnhuil mucous gland ^reiiom, which is 
addiiLunal justification for using mi anEisiulugugue 
(While et ill. 1982), 

As with all general anesthetics, ketamine should be 
administered- wills ihc usual pfccautinfLs when iIil- 
sboiliadl is full of ingeste- NeveribdessH presence of a 
patent airway and lack of respiratory depression make 
kclamiiK the genera! anesthetic of choice when intuha- 
lion is impossible (Lanning and Hamid 1975 j. Despite 
the presence of protective llajyngeaJ and pharyngeal 
reflexes, tracheal aspiration has been reported after 
induction of anesthesia by ktlamme. Consequently. 

one should maintain a patent airway or iniufe&te the m- i 

chea, as practiced with other anesthetic- agents (While 
dal. 1982). 


Clinical case reports in humans have ^fciggesred that 



keLiiiune. Human piiiiciits 4m thyroid replacement ther¬ 
apy have developed a severe hypertension and tachy¬ 
cardia following ketamine administration, [f such an 
adverse action occurs. (S-adrenergic blocking agents 
may he of value. Other interaction* reported in human 
hiw involved potentiation of respiratory depression 
and/or paralysis following use of sucdnylChohnc and 
propanidid (Bovill ct al. 1971 1 . 

IriiTni I-ujt interaction^ bflWttd cf-lub<xumnnc have 

hoen observed u 4 mg the cal sciatic 

miiii muselc preparation (Cronnelly 1972; CronnelLy et 
at. 197.11. PnlenliaLion of skeletal muscle Lwilch of Ihe 
cal by edrophonium chloride ls anlagunifed by keta¬ 
mine in IV doses of I iuhJ 2 nig/kg tCronuclly 1972). 

However, ketamine alone produce?* isosijmfjcanl efFeei 
upon muscle twitch (CmucUy et aJ. 1973). This is 
expected, since ketamine produces only a 30% rcduc- 
liun of end plate sensiliviiy, 

Ketamine has been used safely in humans with 
myopathies and malignant hyperthermia I White el al. 
1982). Use of ketamine in animals susceptible Co 
nuUgiUiflL hypvil.henuNi is CfttthWnersiii.1 (Kinmiyer et 
al. 1984). 

The combination of IM ketamine (0.55 mg/kgl and 
acepromazine i 11 mg/kg) pn>v ide-v giKMl skeletal mus¬ 
cle relaxation in rhesus monkeys. According to Paner 
(1982), this combi nation is useful For surgery nr ortho¬ 
pedic work. 

Ketamine (2 mg/kgj administered intravenously, 
increases cerebral Mood flow in the dug 843% and cere¬ 
bral oxygen consumption I4i%; EEG changes accom¬ 
pany llRixc ol Lnensised eLTchral raty^en consumption 

in that the wave frequency increases alter injection of 
Ihe drug (Dawson et al. 19711. DttVHd and associates 
cone hided that keuunitie is « cerebral metabolic m i mu- 
liinl and a cerebral vasodilator. They were able lo block 
ihese phaniuici.i*logk ell'ecls by prior administration of 
ihiopomal. 

Ketamine and xyla/ine have been used in ihe burse 
lo determine Lheir c if eels upon intraocular pressure. A 
decrease in intraocular pressure Occurs after an IV dose 
of U mg/kg xyktf&ine. KeMimiroH.2 2 mg/kg) 4id minis¬ 
tered intravenously 8 minutes after Ihe xyfcazine does, 


nor induce .any further change in the pressure (Trim et 
ill. 1985). The prevalence of nystagmus produced by 
this d3mhinaiit.nl is considered to be a diwlvuieage 


that may complicate ocular surgery. However, mainte¬ 
nance of anesthesia wiih haluthane after ketamine 


administration is a way io circumvent this complication 
(Trim et al. 1985). 

Ketamine is rapidly distributed into all body tissues, 
pri manly adipose tissue, liver, lung, and brain i. Lanrimg 
and Hannel 1975). Plasma pruteim binding of ketamine 
in the horse averages 50% over the cuncentrulKsni range 
of 0.3-20 jlgi'mL (Kaka et id. 1979). handing of keta¬ 
mine to plasma and albumin is dependent upon the pH, 

it is decreased at a pH kiwcr than 7.4 and increased at 
a higher pH (Dayton et aJ. 1983). 

f^suira as- formation occurs in the liver by W- 
dcmeihylation and hydroxy tation of the eyelohex-a- 
nonc ring, with formal ion of water-sol able glu- 
curonidc derivatives that are eliminated in urine 


(White et aL 1982). In sheep- minuJbolites of ketamine 

have been identified: rWaterman and Livingston 

1978a). A demethylaied metahuliie and subsequent 
oxidation metabolites have been delected in plasma 
and urine of sheep. 

An analytic method for ketamine is capable of detect¬ 
ing 0.1 ftg/mL of Ihe comp^mnd in t>k*od and uniw 
(Knchhar 1977). Thus methud should h? adaptable ip 

ckceclion of ketamine residues in tissue samples. 

The apparent biologic half-life of ketamine in 
humans is 2-3 hours (While et a I. 1982). In the horse 

(he duiribulkwi la phase) and elimination (p phase) 

half-lives of ketamine average 2.9 and 43 minutes 
respectively following IV injection of 2.2 mg/kg (Kaka 
ct al . 1979). 

The etimifistioii half-life of ketamaue in ihe calf is 


60.5 minutes fWaberauua 1984). Premeditation with 

xyla/jnc dues not a flee I the half-life of ketamine sig- 
nifkaurtly: however, the clearance rate of ktUttiK is 
reduced abotH 509b. 


In the cat, a rapid distribution phase r j ( = 3 min) is. 

followed by a slower first-order el inn nation phase 
fBaggot and Blake 1976). The half-life of keLainine 
(66.9 ± 24,1 min) is indepoidenc of die route of par¬ 
enteral adminislralion. Absorption from ihe IM site of 
adnunistralion is rapid; peak plasma concentration is 
reached in III mmoles (Baggot and Blake 1976). The 
elinniiMlicin half-life of k^taiitivie is prolonged and 
reeovwy from ketamine anesthesia is delayed by me of 

ficdolive premcdicants such as diazepam orsccoharbi- 
UiJ (Lo anti Cumming 1975). 

Ketamine anesthesia does not appear to alter 

endocrine functions in the crtb-ealing macaque 

{Macticn foBt:icutaris j or rhesus monkeys (Castro et al. 

1981: Fuller el al. 1984). 

As the result of extensive meiabolizadori erf ktia- 


minc by the liver, its duraiion of act ion is, not prolongctl 
in humans with renal impairment 1 1 .aiming and Hamel 

1975). 

Ketamine has a wide Iherapeutk index. In annuals, a 
ketamine I.D^/ED^ ratio five times that of penioharbi- 
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lal hid been ddnumslniud. Repeated administration of 
IrrCmine does not lead iu development of any sign i 11- 
caeu totenmce of COfSIpIkitbnd. I however, ketamine 
induces Lhe hepatic microsomal enzyme system (Mari’ 
efcta et aL 1917). Although less potent than pbnobiffbi* 
ketamine appear* to act similarly in induction of 
hepatic microsomal metabolizing enzymes of rals, 

In die cal, body temperature declines by an average 
of |-6 n C fvllowjqg clinical dosap of ketamine (Bock 
et at, 1971 >. Ketamine does noe abolish pedaJ and pin¬ 
na! reflexes; photic and corneal reftares persist in the 

cat as well as laryngeal and pharyngeal fell exes, $kele- 
iall muscle tone is also ineiwsedr 

When ketamine (3-5 mg/kg) i-. used intravenously 
and as the only agent in cats, their eyes remain «m- 
plcieSy open with a fixed mm and die pupils are 
dilated. Other clinical signs arc licking of Ihc lips and 
profuse salivation. Increased salivation in cais is con¬ 
sistent with Hie drug's- sympathomimeLic action. Slow 
momvKflts iif the head are observed; Tigidily or exten¬ 
sion of che forelimtfr is also seen, and opisthotonus 
occurs alter an IV dose of 8—10 mg/kg. Convulsive 
seizures have been reported in 5.3% (Beck et id. 1971) 
and in 20^f of the cals that receive clinical dosages of 
ketamine (Stuck 1973). Diazepam has been used Ip 
abolish ketamine-induced convulsive seizures m Lhe cat 
I RenJ arid Frank 1972 k An IV dose of 0.44 nng/fcg is 
used for thi£ purpose. The benzodiazepines (diazepam. 
lonupBBIp ■nidii/olairiS appear Co be most effective m 

reducing the psychic actions and cardiovascular 
responses gf ketamine in humans upon emergency or 
recovery (White ci al. I9K2). In the eat, diazepam used 
alone induces irritability and aberrant behavior. 

According to Heck et al. (1971), M doses of keta¬ 
mine !es& than 22 rng/kg produce basic chemical 
restraint without total analgesia but are satisfactory for 
physical examination and mi not procedures. IM doses, 
of 22-44 mg/kg produce eaLalepioid anesthesia., a com- 
alose state similar to decerebrate rigidity (Beck et al. 
1971), This effect is adequate for performing short, 
simple diagnostic procedures and short surgical proce¬ 
dures dural too of surgical cataleploid unes-Lhesia 
ranges from 20 to 40 minutes. Although recovery from 
ketamine is frequently prolonged and may be accom¬ 
panied by excitement, Lhe eat is ordinarily able to aiEain 
the silting position after 2 hours (Massey 1973). 

The mechanism of kdamine-induced catalepsy has 
not been extensively investigated and consequently is 
noL dearly unders-tood. With the plethora of literature 
cm catalepsy and other mobility disorders, there is- indi¬ 
cation that mu-s-1 of these may be due to a deficiency of 
dopamine function or an imbalance in cholinergic- 
dopaminergic function Moreover, other Dcurotnnsmil¬ 
ling chemicals cannot be ignored from consideration in 
catalepsy; eg., sc nit on in Ls als^i as^x-iiilcd with the 
exbtpjfiamjdfll system andean induce catalepsy when 
it is adminisbtrd inlracerebroveiimcu laxly in the ml. 

When an anti serotonin neuroleptic agent (n.e., 
methiolhepin malcarc) is administered in the cal prior 
tt> ketamine, lL ls interesting that Lhe ketamine-induced 


catalepsy is not observed (Hatch 1973a). Instead df 
musek tonus and presence of limb rigidity, w hich typ¬ 
ifies action of ketamine in she cat, muscle fl acridity Ls 
observed. Another agent dial is an afltidopnirunc neu¬ 
roleptic (Lift., pimozide) was also employed by Hatch 

(3973a)-, The only effect of pimozide on ketamine is 
shut it prevents che sporadic stimulus-induced paw- 
twitch often seen in iluc eat. The blocking effect of 
methiolhepin upon serotonin suggests that serotonergic 
mechanisms are involved in ketamine-induced 
catalepsy, w hereas ihc blocking effect of pimozide sag- 
gHtt that dupiimme :is involved in the ketamine- 
induced sporadic; movements of muscles and limbs. 

Tile phanmicidogic effects of ketamine can be aniag- 
oiuzed or shortened almost immediately by admimstra- 
Ikn of a mixture of /-amphetamine and yohimbine 
(Hatch and Ruch 1974), Because yohimbine has been 
elii.v^i find as a Specific a.adrenc^eptor blocking agent 
upon prcsynaptic receptors (H^dlcr el; al, 1981), antag¬ 
onism of ketamine may occur From leleiisc of central 
neuronal dopflaniae um3 norepinephrine. 

Adverse Effects. A 2-year-old Giant Boodle with 

no previous history of KspinbMy or circulatory com¬ 
plications died of pul moilftry edema 2 days, after a com¬ 
bination. of ketamine (9 mg/kg) mid ^ylflZUK (1,4 
mg/kg) were administered [wcntefllly (Kommotieri 
■and Koskinen 19N4). Lint i I more clinical expCTKOCC 
with this combination of drugs is attained, considerable 
caution iwh to be taken in its use. 

CtlNTRAlNPICATIOiNS AND PRECAiHl lONS. Ketamine 
must not he used in animals intended for human cmt- 

sumpi ion. Ah the only ageni for anesthesia, il h not rec¬ 
ommended for use in cesarean section (Dodmgn 1979). 
Use of ketamine ns the sole agent for abdominal and 
Orthopedic surgery cajinut be recommended; its use in 
major surgical procedures must be supplemented with 
general anesthesia. Moreover, it is oonlfaiiwNcaled in 
subjects that have arterial aneurysm^ UPCODtroded 
arterial hypertension, and right nr left lie an failure. 

Ketamine is contramdnated in animals afflicted with 
hepatic or renal dysiunction. Et is also contraindicated 

in head injuries since il elevates the cerebrospinal fluid 
pressure, Although ketamine is an unlikely agent to 
trigger generalized ecmvukmns in human patients w ith 
seizure disorders 4White el al. 1982}, il probably 
should lie used cautiously or not at all in animals- sub¬ 
ject to epileptic seizure- 

For pmcedures invchtnif the pbaiyru;, larynx, or ira- 
chea. a probable or relative contraindication to its use is 
suggested. Also, relative contraindications are suggested 
in use of ketamine in Hie presence of increased intrajocu- 
htr pressure in' open-globe injury to Lhe eye and! in sub¬ 
jects with a Ihyrtuosk: condition (While ci al. 1982). 

Preeatnions should he taken to eontru! hemonhuge 
after ■surgery because arterial hypertension from use of 
ketamine occurs; this precaution is cspecLaUy impor¬ 
tant following dediiwing of mature cats, particuEarly if 

the paws arc mi bandaged (Evans et aL 1972). 
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Ii tm been suggested dial i[ may he prukoi to avoid 
use of ketaimnc-sylwira in animal that have a 
reduced eu/diapulinoffliary reserve (Kalita and Rawl¬ 
ings I9K2). Use of temBine alone in patents with m- 

piraiiriry complicalions is not considered to he con- 
Lrai ndic-atcd prov idmg endotracheal intu bation. 
supplemental oxygen. ami artificial ventilation are 

av tillable (Hankins et al. 1985). The ewnbination of 

ketamine and uceproma/irie probably should not be 
used in dog* predisposed it? jiierikil hypoteiksion nr res- 
piniury depression (Farmer el al. 19Hft)„ 

Caution is advised in adminisirution of ketamine Ln 
animals ch.it have undergone severe hemorrhage. Rlood 
Ihciss- of 30% of the total blood volume decreases the 
anesthetic induction dose of ketamine from 35 Up 45% 

in auimaJ* (Wsiskopf imd Bogew 1985k la mydo- 

graphic procedures. ketamine should not he used in 
seizure-prone animals (Clark et al. I9S2). 


Clinical Lfst 

CAT. Prior Eo adrifrinbEriEtOfl of kelamine. WOfUK or 
glyeopyrrolate should he given to prev ent clival ion 
and other auUmomLe nervous system efFeeis. It is 
recommended that a bland ophthalmic mntmeiLl. he 
used sot hi after the peak effect of ketamine to prevent 
drying and irritation of ihe com&i. 

Kelmitt is- must valuable as ait immobilizing agenl 

for exiimi nations radiographic prsKedwes. and prior u> 
induction of general anesthesia with convent tonal 
agents (Glen 1973). The recommended IM dose is From 
] I lo 33 mg/kg. However, some clinicians use an IM 
dftse as high as 44 mg/kg; 3-5 minutes are required for 
the ftlinwl to become uuesLheti/ed (DeYotuy el al. 
1972). Fain, apparently due to the low pH of ihe 
injectable formulation, is elicited during IM injection 
of knamilK at the du&e of 11-44 mg/kg (EvStts d al. 

1971). 

Duration of effects of ketamine following IM injec¬ 
tion of 11-44 mg/kg may last 3045 mliMibes (De¬ 
Young el al. 1972) and can vary from 15 lo 60 minutes 
(livans el al 1972), Recovery may not be complete for 
90 hours after administration;: however, mosl animals 

are able Id stand within 2 hours (Evans et al. 1972). 

According lo Green et al. (1981), an optimum JM 
dose of ketamine for sedation or analgesia in the «u is 
20 mg/kg. Its onset of action is 3 minutes: time lo loss 
of the righting reflex is IM) minutes; lime Eo reach peak 
effect k 20 lilinules; duriLlKm of ihe peak effect ins 35 

minutes; liiw io recovery of the righting reflex is 60 
minutes; and time to complete recovery is le» chan 5 
hours-. 

Endotracheal intubation can be ajehieved during 
analgesia with ketamine followed by supplementation 
wiih an inhalant anesiheeic such as mefbuyfluraiK in 
conjunction with mlrou.v oxide and oxygen. Nitrous 
Oxide sigmfkanlly reduces the dose of ketamine 
required for surgical ilfle$4lw&L& and shortens the recov¬ 
ery period in human* (WfeMlk ei al 1973). It is ihe 
only inhalation agent recommended for use with keta¬ 


mine in maintenance of anesthesia in humans (White et 

al. I9S2L Bn the cat, ullra^hort-acting barbiturates (thi- 

amylal or thiopental) cun also he used in small IV 

doses (4.4-8.8 mg/kg) lo supplement ketamine. Since 
m the presence of haJrthanc the hrain and plasma half- 
lives of kHMlime are longer and recovery from anes¬ 
thesia is prolonged^ oulioii should be exercised iri Use 
of this combination of drugs. 

When ketamine is used without intervention of other 


pharmacologic agents, undoirahlt sjde effect occur in 
many animals i He id and Frank 1972). Bjr using a com¬ 
bi nal ion of oxymorphone (Nunmrphui) at a dose of 
1,65 |ig/kg and Iritluproma/mc (l.l mg/kg) prior Eo 
administration of ketamine, ils side effects can be 


efleetively blocked. The dosage of ketamine is reduced 

by 2-5 10% of tin.: ruceiirnlhciulvd IM dusc and is ilirt 

given until! after the peak effect of ox y morpheme and 
iritluproma/iiie has been reached. Both oxy morpheme 
and Lnllupromazme may be administered by die SC* 
IM. or IV route. Once the peak effect of these agents is- 
attained. IV ketamine is administered at a dose of 

l l 2.2 mg/kg (Rdd and Frink 1972). Ketamine 125 

mg/kg) is commonly combined with aceproma/im: (0.2 
mg/kg) and hutorphanol (0.4 mg/kg) in provide anes- 
(hesia ior elective procedures such as ovariecLomy 
■iTranquilIi et al. OMBJl The addition of uccpromaziiit 
and btilorplmlol an up rule agonisE-anlagornsl. \mn ides, 
improved muscle relaxation £Od visceral analgesia, 

Xylazine Itas been ui(d prior to kenmine m the cart 
to pcevent muicuhr hyperioniciEy (Amend et al. 1972). 

An EM dose of 0.55—1.1 mg/kg xyltL/ine effectively 
sedaies the eat and renders it relatively msensiLive lo 
Ihe subsequent injection of ketamine. Twenty minute* 
alter udmimslralion of xyltrame. 11-22 mi^kg of kela- 
rnine am pmn inifiiniusculurly, PtenttdHcatioifi with 
xyla/ine prolongs duration of analgesia, reduces the 
dose of ketamine required, and shortens recovery time. 
Disturbances of recovery often noted when, ketamine h 
used alone are diminaied wjih ihe eumbined uac of 


xylaane (Amend ei al. 1972). 

A combination of ketamine and xyla/ine is used lo 

induce anesthesia for a number of clinical procedures 
in the cat iCullen and Jones 1977). Xyla/.ine (J. J 
mg/kg) is administered intramuscularly along with 
atropine (0.3 mg? by She same route. Alter 20 minutes, 
ketamine (22 mg/kg) is administered inlramuscularly. 
Onsii of anesthesia occur* m m average of 6 mdnuies. 
The palpebral rdlex pmiMi during ihe period of kcia- 
minc anesthesia, which lasts about 3D minutes. Supple- 
menlaCion of keLaimiK aneslhevia is achieved wilh 
nilfOtoi oxide-oxygen^ lliiopenlaL or allhesire 

Faulk (1978) reported the &aiisf*eioty use of 
xyla/ine and ketamine in cats For surgical proceduro 
of les^ than I hour. Xyla/ine (2.2 mg/kg)is given about 
10 minmes pnc»r Lo ketamine (11 mg/kg): boLh drng> 

an? adminis-tered mtraimiKUbliy, 


The combination of Letamine and xyluine Cart 
induce negalave cardiopu.1 mcwiary changes that are 
severe (Kolata und Raw lines 1982). 9l has been sug¬ 
gested that It may tte Wi« m avoid the IM of kelanime- 



materia 




252 / Section J / ErisUiU .wmstiwj the ceotiial peryws system 


xyliUEiiK in animals recDgmizd as having or suspected 
of having reduced carc!kjptllmmary reserves. In cate 
given EM injections of aylazine (I mg/kg.l and kela- 

mdne {10 mg/kg). die caidiK output is lew for 2,5 
Imp; the prolonged duration of effect may overlap 

pusisurgica! complications that could lead to death 
(Dyson und Alien 1945). 

Another clinical approach in reduce km of keUnnine 

Mde effects involve IM injection of aceprunu/ine 
(0.11 mg/kg) and atropine 10,045-0,067 mg/kg i about 
115-30 minutes prior to IM administration of 22 mg/kg 
ketamine {Rosin 1974), This procedure reduces the 
dosage of ketamine about 501. 

When ketamine ts used in ppeyunction with meperi¬ 
dine or morphine in lhe cat, its effects arc neither 
improved nor complicated by these agents t Hatch 
1973b). Neither meperidine or morphine appear la 
have any value as sedative or antic aljlepLic agents 
given prior to administration of ketamine. 

In fractious cats., ketamine (22 mg/kg) is adminis¬ 
tered by squirting the drug into the mouth with a 
syringe when the animal is hissing (Maty and Si we 
1*977). This procedure is safe For immobilizing caLs. 
Oral adm mi stratum induces e\ee*sive salivation appar- 
cntiy from (he biller tuts or kw pll, 

Ketamine (22 mg/kg) given int ramuseul arf y interacts 
with the parenteral admiiislrulion of chloramphenicol 
(55 mg/kg) by prolongation of sleep time (Bree el al. 
1975). Following admanisUatrcm of dibydroHCreplo- 
mycin sulfate and procaine penicillin G iCombioLic).. 

relatively dq change occur in duration of sleep time. 

non human PRIMATES. Ketamine i* recam mended 
for restraint and minor pyigRcnl procedures in a number 
of subhuman primates (Beck and Dresner 1972), The 
usual Iherapeuiic dose recomn^nded for primates is 
5—15 mg/kg administered intramuscularly. However, an 
IM dose as high as It) my,'kg has been used in pala* 
monkeys (Eryth nxebus pa lets) (Britton et al. 1974). 
This produces sal e and adequate sedation for 30 mi n- 

w&k with minimal respiratory depesnn, The suc¬ 
cessful uce of keiamine in the infant pigtail monkey 

(Mflftacd RfflHjfmwj has been reported (Bowden et al. 
1974). It is. used ai an IM dote level of IS rnj/kg prior 

in an TV injection of Ihiamylal (15 mg/kgL According 
in Bowden .and eoworkers (1974), I M admin iMral ion of 
keiamine prior to thijinyl.il has three advantages: it 
simplifies the ^enipunctuR" procedure for udm ini stra¬ 
tum of ihiamylal. reduces ilie amount of ihiamylal 

required for induction of imcMhcsia. and shortens the 
recovery time. 

Parenteral use of 8-10 mg/kg keiamine in the rhesus. 

monkey doe* not significantly alter length of Ok men- 
Glvufll cycle nor lead to significant changes in estrogen or 
progesterone level* through™! the cycle (Chinning £1 al. 
1977). Also, in rhesus and Mocaca fawiatlam monkeys, 
ketamine meubesia does. not appear to alter endocrine 
functions (Castro et al. 19HI; Fuller cl d. 19K4k 

Heart rule. Left ventricular syslodic pressure, and res¬ 
piratory rate decrease significantly in the rhesus mon¬ 


key following IM injection of 10 mg/kg ketamine 
(Qdisner 1977). When, ketamine (11 mg/kg) and aec- 
promazitfle ((1.55 mg/kg) are administered intramuscu¬ 
larly at Lhe sun i time in rhesus monkeys, a smooth 

induction to anesthesia occurs in less than 5 minutes 


{Connolly and Quimhy 1974).. The average duration of 
anesthesia induced by the comhuuilKWi of drugs is 
slightly less, than 1 hoar. 

PrimuLes. immobilized. with ketamine have j near 
normal: acid-base balance and are handled more easily 
Lhan physically restrained animals (Bush el al. 1977). 
Repeated administration of ketamine on an every- 
other-day basis, up to 60 days in hnwler monkey's 
(Aimm emsya) does not lead to habituation (Colillas 
1974k The minimum effective IM dose in lhe howler 
monkey is 6 mg/kg. After 5 minutes, thin induces deep 
sedation lasting 20 minutes; Lhe animals recover in 14 
minutes. In the squirrel monkey [Saimiri scmn*itx)\ kei¬ 
amine is satisfactory for chemical restraint at IM doses 
less Ihiin 13 mg/kg (GreeiLMcin 1975). Doses of keta¬ 
mine of 25 mgVkg and above iniramuscullirly induce 



anesthesia in squirrel 




s occur 


only at 350 mg/kg. 

In the baboon cynoczphalm), a combination 

of toamine (II tngfleg) ind xyla/ine (0J mj/kj) 

administered intramuscularly in a single injection 
increases sleep time, decreases heart rate, provides 
good muscle rcLaxalion, prevents voluntary muscle 
movement, and permits passage of an endotracheal 

Lube (White tuid Cummings. 1979), Ketamine has been 
used successfully for cesarean section in a 1S-year-old 
gorilla weighing 100kg (O'Grady et al. 1971). The ani¬ 
mal had destroyed dine wkocssiyc infant*. To avoid a 
repeal peifnfmanee, the i'hthikI of gesiatppn was esti¬ 
mated by physical examination. radregraphy. ainnkv 

ccntcsis, and u Itrasonographk cephalometry. Ketamine 
I Sol j I of 800 mg, nr H mg/kg I was initially given by 
injection dart. This was followed by I mg atropine 
intramuscularly. After intubation of the Lrachea. oxygen 
was iidmimstered along with 501 nitrousuMde. Din ¬ 
ing ihc operative procedure, which laded UK) minutes, 
additions! doses of ketamine were given intravemiusly 


at 5- to 2t>mmmc intervals. The total dose of ketamine 


was 2400 mg, or 24 mgdeg. Kciamiuc has been used a& 
a maintenance aneslheiic in the Goriil# gorilla: il is 
administered eilherby lhe IV route at 0.5-1 mg/kg m 
inCniiiiusculariy at 1-2 my/kg (Ludden el al, 1982). 

Wortt in rhesus monkeys indicates ikeu the keiamine- 
xylid/ine eimnhination lead.* m a decrease in alveolar 
ventilation, with subsequent change* in blood gas len- 
siim*, which are probably due to the ketamine content 
of the combination (Keullingcr et al. 1980), In the event 
Lhe combi nation is used, cuution muM be Uikctt because 


vital functions iire conpreni&edr According to Rcui- 
Linger and coworkcfs, the apparent benetkij] effects of 
the CLPinhimaikm itui are seen clinically are detrimental 


physiologically. Presen ce of the null umouni of 
svJazinc in this aKmhi.naLti.Tfi dominates control of lhe 


cardiovascular system uihJ ahrugiuch lhe hcndlciai 
effect of ketamine. CogvEndy. Lhe ketamine compo- 
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itwil vf ibe combi nui ion domanaies contnol mediamsms 


of Ihe pulmonary system and eliminates to a lesser 
degree the beneficial effects of syhzine. The end resu lt 

is jhai ihc physiologic effect of the comhinaciiL>n ly.^ an 
unfs.voraMe effect upon the- c^rdiopiilmnoary system 
(Reullirgcr et I TOD). 


DOGS, Ketamine has not Keen approved by die FDa 
(of use in the dog, However. some practitioners Feci 

that it cam be used as safely and effectively in dogs as 
in cats. Ketamine in cumbtMikm with stylus ine is now 
commonly used in the dog for general anestlietic pur¬ 
poses It is also used in combination with diazepam for 
general anesthesia (Haskins et aL. 1986b). 

In Ehe ditouliiihl of the pharmacologic action of ket¬ 
amine in the cut it was pointed oul thill KfOiOftln may 
function an mediatirm of -ualafepsy and that dopamine 
may mediate kel4Jmi tk 1 -mdined muscle jerking (Hatch 
1973a), Studies in (he dog indicate that brain iiiechu- 
nis-ims involved with the various effects of ketamine 
could be quite different and! more complex than those 
suggested in the eat (Hatch 1974). It appears Lhal 
dopaminergic and nicotinic cJdollnOG£|)ti.V£ receptors- 

could be involved in medial ion of ketamine iineschcsSa 
in. the dog, This ii particularly suggested because keta- 
mine is uuagonisd by a subsequent dose of the anti- 
dopuminergie neuroleptic piniozidtind i* partly antag¬ 
onized by the nicotinic dnliiKieeptaf blocking. agent 
mccamylamine (Hatch 1974). Kelamane-induced mus¬ 
cle jerking and emergen! delirium are Kith enhanced 
by it nub sedative Jl?>c of pimozide, by atropine. and by 
small doses of dilotpranuniK. It is known thai ehlor- 
pamiii/ane possesses bxMh aMidtfmmimTgiie and anli- 
chdinergic actions-. All iJit-^e drug effects suggest that 
dnpomifurgie juhJ muscati nie Ghotinaceptive receptors 

could have a role in modulating the myoclonia: and 
ddiriant effects of kelamane in ihc dog i Hatch 1974). 

Clin ically, kelamane {11-2 2 mg/kg) bus been admin¬ 
istered intramuscularly 10-15 minutes foilowing 
aiitipjoe (OuMS mg/kg) and acepro marine (0.55 mg&g) 
(Kaplan 1971). This, has been followed by IV thiamy- 
lal (2.54k) MrnlndJtefcd to effect (usually 0,3-3 rviLj 

about 5 minutes later. Results are less predictable when 

duutylal is omitted in. the anesthetic proccdure. 
Advcrse icaclions include a 3.44b convulsion rale, evi¬ 
dence oF transient. local muscle pain at the site of keLa- 

mine mjectLOfi, and moderate to marked Ovation. The 
dose of atropine must he greater ihan 0.045 mg/kg to 
control saliviLiMbii ItilliKwing use *iF keijunine, Some 

dog* with a previous eptlepiogenic history develop 

convulsive seizures 2-7 minutes after administration of 
ketamine and before administration of Ihianiylal 
t Kaplan 1972). 

Ketamine in doses as toW a-s 3-10 mg/kg given alone 
and imflfnuftuiuHy in Beagle dogK induces excitation, 
apprehension, and, in some animal s„ tonoclonic con¬ 
vulsive seizure* (Green ei al* |98I), fn IV dOKB of 10 
mg/kg, townwnr administered alone does not produce 
satisfactory anesthesia For surgical purposes in the doe 

(Haskins et al. 1985). 


□tazepam is used intravenously for alleviation of 
tonoclonic spasms induced by ketamine; it is used 
more often, than acepronwme m combination with ket¬ 
amine (Rucker 1976). IV diazepam ((1,5 mg/kg) fol¬ 
lowed hy I V ketamine (IE) mg/kg) is commonly used to 
induce general anesthesia in dogs \. Haskins et al. 
I98foij. Muscle hypertonbcily related to use of keta¬ 
mine atone i** lessened by dkkrep-am, However, vomit¬ 
ing is increased with this combi nal ion. 

Aeqummadne (0.22 mg/kg} and ketamine (Ii 1-17.6 
mg/kg) are u*ed in combination i presumably via ihu 

IM mure) foe restraint of aggressive dogs, when it is. 

Impossible to give an IV anesthetic (Werner 1976). 
According bv Tarver et al. f 1986 k IV accpromazinc 
(0.2 mg/kg) followed 5 minute* later by IV ketamme 
i ID mg/kg i probably shou ld be avoided in dogs predis¬ 
posed (o arterial hypotension or respiratory depression. 

When comparing the IM ketamine (22 mg/kg) and 
IV aeeptomiirifte I LI mg/kg) combdiaiion with IV 

sylazine (2.2 mg/kg) alone, it is considered to be supe¬ 
rior so cylazine (Qclall et al. 1976). Xylazine docs not 
provide enough sedation, and dunng angiography dogs 
object to the rapid Hash of Lhe photo strobe. 

Ketamine and xylaiinc have been used in cmnbina- 
tioin for cesarean ^cfckm (Navpipn and Friedman 1975), 

Airopine (0,045 mg/kg) b administered intrarram'u- 
Imiy and fefkwed by IM xylazitre in a dose of OrSS 
mg/kg- Kebmlne <23 mg/kg) is. admiiustored iutnh 

vetKNisly iJind given to effect IO-I5 minuics following 
sylazinc. 

This, drug combiaiiion u twed for minor surgery, 
dentistry, and restraint during exami nal ions, including 
radiography (Biilior 1976). Xyhizineis given intramus¬ 
cularly in a dose of 2,2 mg/kg. After approximately 10 
minutes, ketamine ( II mg/kg) is adralniMered inua- 
nwndflriy, In dogs weighing over 22.7 kg, the dose of 
both drugs is reduced by about 254b. IF the ketamine- 
xyliL£ine anesthesia is insuHicienL the animal is intu¬ 
bated so that methoxy lluranc can be administered tBil- 
liar 1976). IV xylazifte (I mg/kgl followed 5 minutes 
later with IV ketamine C10 mg/kg) is a common com¬ 
bination for inducticm of general anesthesia in the dog 

(Haskins et al. I986h), 

In ihc dog (and perhaps other species), the eomhinu- 
tkm of ketamine and xyW.iire can produce adverse car¬ 
diopulmonary changes (Kalita aj>d Rawlings 1982). 11 
hits been suggested ih-iri i( mi.y be prudent to avoid the 
use of ketamine-xyb/ine in animals dial have or are 
suspected of having reduced cardiopulmonary reserves. 
Coovend). the IV infusion of guaifenesin, ketamine. 

appears to provide safe 
with minimal etleeL upini cardiopulmnnaiy function 
(Henson et al. 1985). 

A combi nation of alropine. xyhudnc, and ketamine 
in IM doses of 0.044 mg/kg r I. I mg/kg. and 22 mg/kg. 
respectively \m been used in the dogi vyllrifie is given 

15 nuiwles posMrapm and iKtunuie i* given 5 min¬ 
utes postxyla/.ine (Clark et al, 1983k Analgesia and 
restraint with Fair 1o c.cmd skcteLil muscle relaxation 
induced. All reflexes except the ocular arc 


analgesia in dogs. 


and sjr lii/aric 
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dqp ressec i- After administration of xyliudne, EGG aliLer- 
j1 1 l m\ such as sinus tachycardia, sjmss fifsE- 

cfcgree heart block. second-degree heart bUsck, and 
ventricular ex ttrasy stoic occur. Ten minuter alter keta¬ 
mine is given, the only ECG effect nuled is sinus. tachy¬ 
cardia. Concurrent with srardiaviiscular stimulation, 
fiisfominry depression min, causing less favorable 
conditions far cardiac metabolism. Alterations in 


scrum chemistry are mil *ignnfieant. One animal had 
CMS seizures 2 days after anesthesia and after a reennd! 
aiw^slhclic trial.. According 10 Clark ci aJ- (1982), dpp 
wilh cardiopulmonary prnblcms may he be increased 
airalhetie risk from this drug combination. Il is sug¬ 
gested that endotracheal intubation ;md withholding 

find prior tu anesthesia will reduct the risk of inluila* 

lion pneumonia; use of oxygen will prevent myocardial 
hypoxic condition* I hal arc induced hy this ding com¬ 
bination. With these guidelines. dimdans sfauuld he 
able un reach a mure informed decision regarding use of 

the ^cropiDD-xylazine-ketamine conabinatiion in the dng 
(Clark el *1, 1982). 


RABBITS, Ketamine in an IM dose of 44 mg/kg 
induces anesthesia for \5-y> minutes (Weisbrruh and 
Fudcns 1972). In am IM dose of 20 mg/kg r a calaleptodd 
condition occurs thut permits endotracheal intubation 
tLiradqiuist 1972), According to Green et al. (1.9BI),, 
ketamine given alone in IM doses ranging from 10 to 
ftO mg/kg does noL provide consistent; sedation. Also, 
analgesia is poor because all rabbits respond to painful 
stimuli. 

A combination of ketamine (75 rng/kg) and pro¬ 
mazine hydrochloride t5.fr mg/kgi provides Effective 
;i]K---i lu-'i ;i for 30-60 minutes lifter a single IM injcC- 
lion (Mulder 1974th), The combined use of ketamine 

and xylazinc in gIic rabbit has been employed for anal¬ 
gesia in surgical procedures t White and Holmes 1976). 
Ketamine (35 mg/kg) and xylarine (J mg/kg j* are given 
as a single IM injection. An optimum level of analgesia 
and anesthesia is attained after 10-20 minutes. 

SHEEP AND SW1ML Although ketamine has not been 

approved for food-producing animals, it is used in ini- 

hhals MiL'h a.v sheep and swine thai are maintained for 
experimental purposes. 

In Lhe use of keftnine in sheep, JM or IV doses, of 
22-44 Ttig/kg are adequate for short surgical and diag¬ 
nostic procedures tThurmon eC id, 1973). Preaiteslhetic 
treatment with atropine (0,2 mg/kgl via the EM route is 
carried out 20-25 minutes before administration of ket¬ 
amine. Accpromujjne (0.55 mg/kg J is given intra¬ 
venously 15 minutes following administration of 

atropine. end ketamine in administered 10 minutes 

later. Additionally, ketamine can he combined with 
guaifenesin and xyla/mc and administered intra¬ 
venously for induct ion and maintenance of anesthesia 
(see section on guaifenesin in this chapter). 

According to Thurman et il. (1973k administration 

.i .ill-.11»]ri*_• IL-Uiuo ill..- *. ii.um._- Ml valiv.L i vied in 

sheep, Aeepromfuinc reduces the dosage of ketamine 


required lor a given period of anslgesii, increases 
skeletal muscle relaxation., and prevails reflex move¬ 
ment of the Limhs. Conversely, the recovery period in 
sheep is longer with Lhe use of ncepn-Kma^kne Lhan with 
use of ketamine alone. 


Effects and duration of anesthesia in sheep fol Rawing 

IV administration of ketamine have been studied by 
Waterman and Livingston (l97Sh>, Sheep become 

ataxic and settle into Vernal recumbency following a 
dose of 2 mg/kg. The animals do not settle into lateral 
recumbency and appear to remain uleru fflORmr, 
there m no evidence of analgesia ju this dosage- Respi- 

ratLun is shallow and rapid 00-70 mink and the pulse 
rate does not change from preinjection values. Animals 

are able to stand about 8 minute* after injection. At an 
IV dose of 5 mg/kg, ketamine produces analgesia and 
anesthesia i Waterman and Livingston 1978b). Puke 
rate increases Lu 1:00—1 IQAnin hul drops to the control 
value of 82 ± 4.5/min within I D minuLtv Respiration is. 
altered to an apneutfic pattern chat censes ?it the dine of 
return of the animal to sternal recumbency. IV doses of 
ketamine (11.6 and 22 mgflt&i give longer periods of 
anesthesia (about 15 minutes and 20 minutes respec¬ 
tively) and have a milked effect upon pulse rate. The 
pulse rale increases to 114 ± 7/min at I minute follow¬ 
ing 11.6 mg/kg ketamine and lh 110.7 ± 6.4/min al 5 
minutes following i njection. At 10 minutes Lhe pulse 
rate is nut significantly different from control levels (94 
± 7/min)_ An apncuslic pattern of respiratiron persists 
until sLennil recumbency is regained, this is followed 
hy rapid, shallow respiration, Regurgitation of ruminal 
contents docs not occur at any of these dosages of ket¬ 
amine, Swallowing and palpebral reflexes are present 

throughout ketamine antstiwsia in steep. Salivation 

animal at all dotiages of 
ketamine t Waterman and Livingston 1974thk 

Pregnant ewes are suecessfully anesitueiized with IV 
ketamine (2 mg/kg) followed by a drip infusion (tl.2% 
ketamine in 5% glucose) given al a rate of 4 mlJ'min 
during the l 2 hours of opefitirve procedure (Taylof ot 
al. 1972). [fttubfllkn of the trachea is not necessary 

w hen the tffilmik are operaied upon in tlic supine 
tkm. Moreover^ preocdlcxtlai and ftiMing arc not nec¬ 
essary. No vomiting occurred during or following keta¬ 
mine aneslhesia. The rumen did not become distended, 
and no saliva (lowed from llie rnoutli. Coilsequeiuly. 
eructation and swallowing must have been present. 
Nystagmus w&s wHiLtEinics present during ketamine 
anesthesia. All ewes chewed hay within a few minutes 
and were standing within 10— L 5 minutes after removal 
from the surgical table. Death of one ewe frem 
unknttwTi causes LMjeurted 24 luwirs after surgery (Tay¬ 
lor rn al |;972), 

The experience of Greeni et al, (19811 with ketamine 
in sheep is i n marked cuftliasL to some of the reports in 
the Literalure. They considered thiit ketamine alone in 
sheep is isrnc a satisfactory way to induce anesthesia. Et 
is necessary to use xyhi/ifie or diazepam to achieve 
conditions approaching surgical anesthesia. IM 
syLazIne ai 0.1 mg/kg Itl minutes before IV ketamine 


occurs in the nnatropinized 



riah 

■ « 
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(4 mgfltg) or IV diazepam {2 mg/kg) about 13 minutes 
he lore an initial dose of tV ketamine (4 mg/kg) pm- 
vicks satisfactory anesthesia. ITiis followed by an IV 
infusion of ketamine to effect. The combi nation of 
xyLazinc or diazepam with ketamine has m advantage 
over barbiturate-induced anesthesia; normal eamtive 

and swallowing relieves are rnmituiined with the keii- 

mine-sylazinc or ketaminc-dligjepam combination. 
Tins avoids ihe problem of ruminal bloating. Neverthe¬ 
less, Green et a!. (19151) found it necessary to intubate 
the trachea of sheep or goats whenever animals were 
anesthetized with either of the combinations. 

In swine, ketamine has been used inLramuscularLy al 

ii dose of 2D2 ± 0,92 mg/kg for iui|ktl procedures 
lasting 10-20 minutes -iThtirmofi ei il. 1972), lit longer 

surgical procedures, ketamine is supplemented with 
local in 111 I ration mi the surgical site with 2% Iidcx.aine. 
or thiopental is adnnini sterna! i ntravenously at a dose of 

6.6-1 L mg/kg. 

1M idninUlntiofL of bfamine fnim 10 to 20 ingfleg 
alone in pigs i nduces a distressed or v iolent reaction in 

most animals (Green et al. 1981). Ataxia and muscle 
tremors, including eskMsur rigidity, panting, salivation, 
and erythema occur. Consequently. the use of ketamine 

alone is unsatisfactory in the pig. 

A combination of ketamine and accpromaAiiie has 
been used in miniature swine averaging 23,2 kg (Gray 
et al I978)„ Aceprotn^K <0.39 mg/kg i is adminis¬ 
tered intramuscularly 3fl minutes prior to IM ketami ne 

(15 mg/kg). Animals become recumbent 5 minutes fol¬ 
lowing the injection of ketamine and recovery occurs 
65-80 minutes Later. 

Ketamine (11, mg/kg) is used intramuscularly width 
dniperidol-fencanvl (I ml 713.b kg) for surgical proce¬ 
dures in sw ine weighing up to 45 kg (Benson andlhur- 
mon 1979), Dnvpendol-fcnLanyl and alreipine (0.045 
mg/kg) given intramuscularly precede adminidr^tion 
of keamdoe by 10-15 minuter. Surgical anesthesia is 

produced in 5-ID minutes and has a duration of 30-45 
minutes. 

For prolongation of anesthesia, supplemental keta¬ 
mine is administered intramiLwatljfly (2jHi.fi mg/kg) 
or intravenously to effect. Additionally, ketamine can 
be combined with guaifenesin and \y la/ine arid admin¬ 
istered iMTtvtiUtisly for induction and mai mttllntc* of 
anesthesia (see sect ion on guaifenesin in this diopter). 

Pcncnhafhiral (2-2-6.6 mg/kg) is given intrarinaseulafly 
in larger pigs; it Ls used in animals w ith excessive mus¬ 
cle tone or movement and is effective for controlling 
reactions during recovery (Henson and Thuitdun 

1979). Ketamine (20 mgft|] simultaneously with 

xyiazine (2 mg/kg) have been used inuamuseulariy in 

swine weighing 20-45 kg (Kylte el al. 1979), ‘The drugs 
are given following a 24-hour fast period. Sufficient 
depth of anesthesia is attained within 7-10 minutes. 

Xylazine (l mg/kg) and ketamine (10 mg/kg) have 
been injected intravenously in rapid succession in the 
pig (Trim and Gilroy 1985); atropine was no* adminis¬ 
tered, According to Trim and Gilroy, this combination 
provides excellent immobilization for surgical proce¬ 


dures in healthy pigs weighing about 55 kg. Moreover, 
they observed LhnL decreases in cardiac output and 
PQ. were lokmlcth with recovery occurring rapidly 
and uneventfully. 

Since more dtita on ihe safely and efficacy of the 
combined use of ketamine and xylazine ore needed, 
cLfluEuHifc is advised in their tt*e. 

CATTLF-. Ketamine (2 mg/kg) for major and minor sur¬ 
gical procedures has been given by rapid JV injection 

(Ftientcs and Telkn 1974), This dose produces rapid 
onset of dissociative analgesia wish no loss of swal¬ 
lowing. palpebral, and anal reflexes. Moreover. there is 
no appreciable loss of coiwdiHiSiiesw. Dissociative 

analgesia is maintained by IV drip infusion of 0,2* 

ketamine in physiologic saline solution administered ar 
the rate of 10 mL/min. The cattle did nut receive pre¬ 
operative care or premeditation. They were lasted 24 
hours prior to ketamine UHlhttiiL Tlie rumen did itol 
become distended, and no regurgitation or ulivstion 
occurred Wffh termination of the ketamine infusion, 
all animals could stand 30 minifies later. No* deaths 
occurred from keLaiiiine anesthesia (Fuenles and Telle l 
1974). 

[n contrast to the dog, cat, and horse, there are reports 
in the litcnilure LhuL an additional pharmacologic agent 

such as xyltzine not required with ketamine to induce 

skeletal muscle relaxation in eaiile tWright 19R2). 

However, IM administration of ketamine ( 2-5 mg/kg;i is, 
recommended with IM xytszine (0.05-0.1 mg/kg) in 
calves hut not adult cattle: also, IV ketamine (2 mg/kg ) 
may he used after guaifenesin (5%) is administered to 

effect i'Ring and Muir 1982). Guaifenesin is used wiifo 

ketamine and xylazine in adult cattle (see section tinder 
Guailtfnesin in this chapter),. 

GOATS. Ketamine (5-15 mg/kg.) given intramuscu¬ 
larly does not produce desirable anesthesia, sedition,, 

or analgesia in Ihe goat (Bowen 1977). According Id 
Bowen, goats resist induction, salivate profusely 
throughout the 15-minute sedation period, and vio¬ 
lently struggle and bleai during ihe 20-minute recov¬ 
ery’ period. A similar experience with IM ketamine 
(20 mg/kg) in ihe goat has been reported by Green Ct 
al. (1981), They considered that ketamine adminis¬ 
tered alone i s unsalisfKtory for anesthesia. Use of IM 
xylazine (0,1 mg/kg} |0 minute* before IV ketamine 

(4 mg/kg) or IV diazepam (2 mg. ,r kg) about 15 minutes, 
before an initial dose of IV ketamine (4 mg/kg) pro¬ 
vides a satisfactory level o( anesthesia. This is then 
followed up by an IV infusion of ketamine 10 effect. 
Normal eruetive and swallowing reflexes are main¬ 
tained with the ketamine -xylazine or keluniiie- 
di-azcpflffn combination: the problem of ruminal hhtil¬ 
ing is avoided. Nevertheless, Green et al. (1981) 
found it necessary Eo intuhaEe the trachea of goats or 
sheep whenever ani mals were anesthetized with either 
of tine cDitlhinalionv More informal:km is needed on 
lire safely and efficacy of these drug combi nations in 
animats. 
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A combination of ketamine and xyLuzinc has been 
used in domalk goats i ECinvrct al. 1976); two proce¬ 
dures arc described. One consist ot' administering 
xyldnc £0.22 mg/kg) imrarnusciitody 8—10 minutes 
prior to IV injection til ketamine H i I mg/kg). Duration 

of MMheviiL i s 44 ] 45 lYtinuieg arid p* prolonged by giv¬ 
ing supplemental IM iKTHnnli of ketamine 16 
nif/hgX The second procedure consist* of administer¬ 
ing a mixture of xyluinc (0.22 mg/kg) and ketamine 
(1 I mg/kg), which is injected inmuiseukljr, l-'or pro¬ 
longation of anesthesia. a supplemental IM dose id ket¬ 
amine (9 mg/kg) is ad mm metered In both anesthetic 
pnxjcdurcs- food is withheld for 24 hours and water for 
12. Atropine 1(1.4 mg/kg) is administered parenteralJy 
20-25 minuter prior to xylazine or ketamine -I Kumar el 
il. 1976). Until the safety and efficacy of the combined 
use of ketamine and sylarine has been established, cau¬ 
tion in their use is recooiiKDded. 

HORSES, Ketamine, guaifenesin, and xy lazine have 
been used as a, method of restraint for easting the horse 
(Muir cl pi I97H|. Approximately 20 minuies prior to 

IV anesthetic induction with guaifenesin (55 mg/kg) in 
5% dextrose, sylazme (2.2 mg/kg) is administered 
indimuKulirly InnHdMdy following induction of 
anesthesia with guaifem'Mit. ketamine (1.7 iiig/kg) h 
administered in crave mousily {Muir ct at. 1978). Anes¬ 
thesia cpn he mai ntained wiih inhalant anesthetic* s«h 

his halochunc or enflur^nc. .Since an inieraerion between 
hnlolhane and ketamine has heen demonstrated in the 
ral, the combination of these agents should he used 
conservatively and with caution uni il more information 
is available. 

Ketamine (2.2 mg/kg) administered intravenously art 
Ihe same time or following xylarine (l. E mg/kg I pro- 
x ides unuLgcEbu and lighl Anesthesia in the hronse I Muir 
ec pi. 1977). Larger IV doses of ketamine 16.6 mg/kg |> 
following sadstkm wiih IV xy lazine (LI mg/kg) are 
accompanied hy muscular tremor and rigidity, oculo¬ 
gyric movements, mydriasis, sweating, arterial hyper¬ 
tension, tachycardia, and elevated tvnJy temperature 
during recovery from anesthesia. 

Xy lazine (LI mg/kg I ls administered intravenously 
about 4 minutes prior to IV ketamine (1.65 nag/kg fof 
ponies. 2.2 mg/kg for hordes), Tlii ^ Combination pfu- 
vides induction anesthesia for trachea] intubation tF.llis 
ec p|. 1977). This anesthesia om be maintained tiding an 
inftisbn of ketamine, guaifenesin, and s.y lazine (see 
section on guaifenesin in this chapter k 

A mmMfiuiai of ketamine (2 mg/kg) and pro- 
maziK (I mg/kg) administered intravenously and 

simultaneously is used to induce short-term anesthesia 

in the horse (Fuaite 1971). A Mate of dissociative 
anesthesia is induced with a mean duration of 97.1 ±2 
minutes. 

A triple drug combination involving diuzepanr 
xylttrine* -and ketamine provides aneslIiesLa charaCter- 

azed by smooth induction and recovery periods, anal¬ 
gesia with excellent muck relaxation. arid stable car¬ 
diopulmonary function I Rutcra cl al- 1978). Diazepam 


(HI. 22 mg/kg) is administered intramuscularly. After 111 
minutes, xyla/.ine (1.1 nng/kgj h given intravenously, 
with sedation and moderate alaxui occurring after 2 or 
3 minutes. Ketamine (2.2 mg/kg) is given intravenously 
soon after vvlazme has taken effect; about 2 minutes 

j 

liter, the horse becomes recumbent., 

It has been reported Lliut ketamine foils to induce 

analgesia jib siMlne fcmrses after using the recommended 

dose of aylazuic (Fisher 1984; Trim cl al. 1987). Cau¬ 
tion is suggested in the combined use of ketamine arid 
syLizine. More information is needed on Ihe safety and 
efficacy of this combination in animals. 


AV iAM AND EXOTIC SPECIES . Use of ketamine aim m 
the domestic chicken duo nut produce satisfactory 
analgesia. Analgesia is not attained even w-jLti large 
duafe of ketamine; this preclude* its use av ihe unly 
agent for inducing *nt»ihe*ltt fur surgical procedures 
(McGrath ct aL l«M). 

In pigeon-s, ketam inc alone docs not produce a state 
of anesthesia even when used in doses of 4(10 mg/kg 
(Brec and Gross 1969). However, anesthesia is 
achieved hy udng ponloburWtal (2(3 mg/kgk Wlowed 
10 minutes later with 16, 32. Of 64 mg/kg ketamine. 
Both drugs are administered into Ihe pectoral muscles, 

Induction of aneslbesia i* smooth and varies from 5 to 


3(1 minutes after adminisiration of kcianiine. Mean 


duration of anesthesia following pefitobpfbital pnd kfl- 
aniine (i.e., after 16, _?2 a and 64 mg/kg) is 20, 4(3, and 
IW minutes respectively, Anesthesia is maintained for 
as long as 15 hours in Mime birds by suL-cessivc admin- 
iiEralton of ketamine in dorses of 32 mg.'kg at I- to 3- 
hour intervals. Ki^covery from anesthesia is uneventful 
(Bree and Ci-ims 1969). Ketamine- doses u low as 
0-1143.13 mg/g in Ihe pigeon result in respiratory fail¬ 
ure and death (Botver and Wright 1975). 

En ihe parakeet, keLmiJne is eonsulcred to he a safe 
lutesihetie tMandelker I973 i. A dose of 0.05 nig/g 10 ff. I 
mg. f g administered intraiimseulaiiy appears adequate. For 
parakeets and olher small hints, ketamine in an IM dose 
of 2 mgfiQ g induces surgical anesthesia in 3-5 minutes 
and lasts 5-20 minutes (Amond 1977). Aneslhesia can be 


adufaciorily maintained -with methoxyfLurane (Mm- 

delker 1972 k The kihai dose of keumine lor live puitei 
is 0,5 mg/g (Manddkef 1973). 

Ketamine (0.025 mg/g or 0.05 mg/g) and dia/epam 
10.0025 mgi'g) administered together inifamuscularty 
have been used in parakeets (Green ct al. 19® I), Onset 
of anesthesia occurs quickly and without struggling 
within seconds after Uhe injeeiion. Rceoveiy is rapid 
after 30-60 minute* of anesthesia, 


Alter induction of anesthesia with ketamine, endo¬ 
tracheal mltkhaiion is reennimended for giving inhalant 
agents: must birds weighing more tlion 100 g cam be 
incubated (Likins and Heirun 1982). KarakeeLs and 
c 4 UHirk B s are too small for endotracheal intuhatiofi.. 


AJ». premerikifkn wiih airupiM (1044J mgAg or 
0,OOOOM)X)OCl I ligty) tm been niggetted 
Ketamine has also been used in wildfowl for inirm** 
hili/alion purposes (Kittle 1971;, Brario 1973). The 
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TABLE 12,4—[fflramusculmr dose* of krtomhnr hydrodslu 

■riili 1 rvro in nw aided fur 1 uAulk 1 * puck** 

Species 


IkffnrKes 

Lnd cvb 

4* 

CaiirH.ii and Kmgiiis 1972 

Kangaroo 

15-19 

Denny 1973 

Tiger 

IM3f 

MUMOtl 1974 

PwalpeAi 

4.5-11 

Geraci 1973 

Snakes 

55-MS 

Glenn et sd. 1972 

Opossum 

213-25 

Hughes « ak 1975 : Jq>son et &\. I 9H4 

tkyx 

.iff 

Tadrmir 1980 

Northern dtephart *cal 

2.5-35 

Brim trial. 1975 

Agnijji 

t>3-H3 

Barter a *1 i97t> 

Raccoon 

20 

S|Kdunm 1975 

Fecrefl 

(0-20 

laiii>'>enh, 19?^: (ireini ti id. 1981 

Ranlcsnakcs 

91-131 

Harding 1977 

Eiu^pcai biidp'r 

l+-2»l 

llume 197* 

| 

35-63 

Jom 1977 

E*U Africu reptiles 


Cooper 1974 b 

Mule ik-L-c 

Ilf 

Richter J977 

Mini 

KMSH 

Hunt |97b 

NufildiHrlt-VlKaEcd CMS 

5-25-* 

Hlihc 1974 

Pi ne marten 

7 

Wilwm 1976 

Aldnhin iunle 

20 

Craw et ah ITOft 

Ckfecn sua tunic 


Wood fit ul. I9S2 

Terrapins and turtles. 


Green ctal, I9»| 

S1 Ji [X: d -kLuilL 

105-135 

Ki.h'-.aLlL arid Hul^uit 99H3 

Spmgbofc 

s-*m 

lirabm 1983 

W;iU.t Ixjrl'iiLo (LalivSi) 

2 

Pa-lhaL l! al. 19K2 

Ciracl (dromedairy nr Baclriafij 

1-2*** 

Higgins iind Kbcfc I9&4- 


*Ailminisli*ivili in tnnj unci inn wilh x^pminii/iw <0. 25 nn jjflk £ . 1 . 

tilled in combinaflMffi with ace-promazine (0.22 mg/kgl and siropiih; in the same projcL’ii Ic sy ringe. 
jBJtott LlsI 1-3 day s. 

! Administered tube ulMictNui&ly. 

ri.-\lH^|if nc ((h4 mg/kg (• is g.ncm iiiEnin&iisiTuUrU I 5 mi link's prwwr Ln LcLamuw; xyla/ine id 22 mgflqfc) is jikn glvea minimus 

cularly -along w ith ketamine. 

* JL l.!tim‘ulsHMiN uceur in sswnc animals. 

ftRapkl IV injection: incuhtted for administration trf h^othace-oxygMi iuiifsrhe4a™ 

^■j’AdininisScrrd im Crape ri It mt id I y. 

f#Combincd with IM sylazine 10.5 mg/kgS. 

+ **Ccnflhii>ed wnlih. IM Of I V Ajlii/jnie (1-1 inig/kg!». 


recommended initial IM dose for mo*t urildfiwl h 
35-20 mpice supplemented with increments nf |0 
mg/kg (Bonus 1*973). Immobilization is produced in 
1-3 minute* w 6 tours,. depending upon the Mall dose 
administered, 

Baseline values for IM ketamine dosages in various 

species a I birds arc as follow s t Bnever and Wright 1975): 
i,l) birds weighing Less than 100 g (canaries, finches, 
parakeetj r 0.1-0,2 mg/g; (2) birds weighing between 
250 and 500 g (parrots, pigeons), 0.05-0.1 mg/g; (3) 
turds, weighing between 500 -bjmI 34MM3 g (chirkfis, owls, 
hawks), 0.0(2-0,1 mg/g:. (4) birck weighing more thrift 
30UC5 gtdUCfc*. swans 1 , 0.02--O.05 ing/g. Thcdow of ket¬ 
amine is inversely proportional to tody weigh!; larger 
birth require less ketamine per kikgiini of body weight 
than smaller bints (Boeder and Wright 1975). 

Large adull birds Midi as the emu (jp/rinrirerr^ 
riovtifhttittiridiite') fttuil weigh 40 kg are successfully 
aneslhelirud with IM keUimine in an initial dose of 25 
mg/kg (Grubb 1983), Additional ketamine (about 5-8 
mg,•kg) is injected intravenously until anesEtosia is suf¬ 
ficient for surgical procedures. Ketamine is considered 
tii be much safer qn the emu than I V pcnLobarbiliiJ. In 


the ostrich, ketamine has been used in cornbidaikm 
with uyhuine and alchesin for anesthesia (see section 
under alchesin in ihis chapter). 

For doses of ketamine recommended! in csotie 

species, aec Table 12.6* 

In Weddell seals (Leplmyefwtes wedtfriii). deaths 

occur to some animals when doses of 5 and 6 mgfkg 

ketamine arc administered inCnmiusculaHv (HamimiPid 

and Ebirer 1977), IV or IM atropine (0,02-0.04 mg/kg I 
and IV diazepam (0,22 mg/kg) given 5-10 minutes 
prior to IV ketamine (4 mg/kg) provide chemical 

restraint and anesthesia in California sej lions,, worth- 
errs elcpliiiiit seal^ and hautor scuta IW£4|. 

Ketumine (17*30 mg/kg) and (liaufiepuin (0,32-0.58 

nig/kg) have been used in eomWillHiurt fsir anesthetic 
ppotti jn river fitter (Airfra canadgruris} (Ehnove el al. 
1985 Jl The route of administration was not given by 
Elmore et *il. for this cwtibinyeiun; the IM route wn 
probably used™ 

LABORATORY ANIMALS, Anesthesia is achieved in 
inbred Fisher or Lewis, strains of rets with 87 mg/kg 
ketamine and 1.1 mgVkg fcyWing (Van Fell I9T7), The 
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drugs art mixed together priur to u^e via the IM route. 
AiksUksIji begins 10-15 minutes after administration 

mi Ism* 15-30 minutes; this h Mtowed by a iduhvly 
king. pericid of immobility (mean of 3 8 hr) mi reduced 
Rspflisiv$iK$s to stimuli. 

Ketamine (100 nbg/kjg) administered iiitruperi- 

tcncally jppears bo be a suitable anesthetic for use in 
■studies of prolactin secretion in male ratsjMelizeret a). 
1978). The anesthetic is known to inhibit uptake of 


both dopamine and serotonin, two neurol runs milters 
that have a marked effect on nil prolactin secretion. 
Anesthetics such as ether, urethane, chloral hydrate, 
and pcntobarbiLul increase plasma prolactin scveraJ- 

told (Law sm and GaJa 1974?. 

A combination of ketamine (1Q0 rng/mLi, pro¬ 
mazine (7.5 mg/mL), and aminopentamide (6.25 
Ikg/mL) provides effective ane>lbe^ia in the ral (Mulder 

and fohm 1978k The JM dose ns 0.75 mLAg (75 

mg/kfi keumojne, 5.625 mg/kg pranaziite' mi 46.B7J 

pj iti'Ic aminopeniiLmidc). Aminopeniamide controls 
excessive salivation and has other onLichulinergic activ¬ 
ity. Duration of anesthesia ranges from 41 to 50 min¬ 
utes. with recovery occurring Within 26-34 minutes. 
About I Of of I he animals manifest a transitory CiMS 
cnCilotLon Ihuri consists of running and jumping during 

induction of anesthesia (Mulder and Johnson 1973). 

Hi ■ 

IM ketamine (50 mg/fcg) plus P diazepam (5 mg/kgt 
have been used in gerbils (Fleckndl el ill. 1983). How¬ 
ever. anesthesia is ni4 entirely satisfactory tecWM 

occuionfl spontaneous limb movements occur. 

In laboratory mice, t he ketamine "promazine- 

aniinnpcntaniiflc combination in a dose of 1 ml Ag 
produce* effoeiive :uiesi hesi :l for 10 50 minutes after a 

single IM injection (Mulder I97BU.L Hyp^rexcitement 


is seen in some mice but is rant considered to be a seri¬ 


ous problem. IM ketamine given alone a! ICMOQ 
mg/kg -dues not induce atudgesia even in mice tlm are 
heavily sedated; when combined with xylliuiiie, analge¬ 
sia is mxultleient for surgery (Green et al. 19HL). 

Ketamine (1DQ mg/kg I given intramuscularly 
induces anesthesia in the hamster (Hughes el al. 1975). 
in the golden hamster, the combination of ketamine 
(50-200 mg/kg I and xylazinre (10 mg/kg) administered 

ilicraperiliirieally IS acceptable Ilh general aneslhesia 

(Curl and Posters 1983 k 

Duses of 22-64 mg/kg and 128-256 mg/kg ketamine 
given intramuscularly provide tranquilizalicm and anes¬ 
thesia respectively in guinea. pigs, [n contrast* Green ei 

al. (1981) reported [hat IM ketamine (ICM50 mgftg) 

produced- only a mild sedation in guinea pigs. Addi¬ 
tionally, the concurrent use of diazepam or xylazinc 

improved skeletal muscle relaxation but did not prevent 
pain perception. 

In the guinea pig i Hartley strain), ketamine (44 
mg/kg) and diazepam (0.1 mg/kg) have been adminis¬ 
tered in nimbi nation by the IM route (Gilroy and Varga 

1980). Loss of the righting reflex occurs in 1.96 ± L06 

minutes, and Juration of immobilization is 54.6 ± 9.3 
minutes. Ketamine (25 mg/kg) and xylazinc (5 me/kg) 
have been used in combination via the IM route in 


pigs (Gilroy and Varga, i960). Loss of die light¬ 


ing relics occurs in 2.88 ± 1.39 minutes, and duration 

of immobilization is 77 3 ± I4j 6 minutes. Although 
both comUnttioitt imniobiliie guinea pigs rapidly and 

safely, neither is recommended for general anesthesia 

because the extent of analgesia induced is uncertain 
(Gilroy and Varga I9S0). 


FISH. Ketamine has been used in ruinhenv (rout follow¬ 
ing immersion in a solulion of henzocaine (50 mg/L). 
Within 30 seconds the fish are sufficientLy sedated to 
permit weighing and subsequent injection of the calcu¬ 
lated anesthetic dose (130 or 150 mg/kg) of ketamine 
(Oswald 1978). Ketamine is injected by the IM route; 
no more than (.12-0.3 ml. is recommended because of 
reflux of the anesthetic solution out of the injection 
site. Ketamine anesthesia lasLs only 20 minutes follow¬ 
ing 130 mg/kg and between 50-80 minute* after 150 
mg/kg. Apm% is produced in stuns fi^h and requires 

ventilatory aasislduice. Recovery is pro longed, inking 
up lo 90 minutes, and is characterized by Cft'S excita¬ 
tion and ataxia (Oswald 1978). 


Antagonism OF Ketamine Akkthesia. in 

humans pn yswligmitt iuim,gi»n i ws kelainineL how¬ 
ever, it is not antagonized in calx (Hatch and Ruch 
1974). This specie* difference is not surprising because 
marked Variations are known to exist in the cuncenEra- 

ckm* of brain neurotrw$mirtffs. 

Fbmcyd^ or its cofigcners (ketamine* feiletzr 
mine) are antagonized by adenosine receptor agonists. 

iV-cyelohexy ladleuosine or I -phcnylisopmpy ladpno- 
sine. in the rai (Browne and Welch 1982). These ago- 
msts may possibly be useful in reversal of the CNS 

effects of kdumite in species other than rats.. 

tn mule deer (Mr^riui hrffwaiiu), IV yohimbine 

hydrochloride (0.125 mg/kg) reverse the xyalzine- 

induced sedation of ketamine-xylazine anesthesia (Jes¬ 
sup et al. 1983), 

IV tolozoline (0.5 mg/kg) has been used to reverse 
Lhe xyulzinc-induced sedation of the African elephant 
immobilized with a Combination of IM xylazlne (0.2 
mgi'kg) and EM ketamine (1-1.5 mg/kg) (Allen 
1986), 


Tilelanifene Hydinwhluridv, Titriurmrat' H?dmeh.U>- 
ridt'. INN (CI-634). like ketamine, is also a congener of 

phencyclidine. Advert effects characteristic of phen- 
cydldiiK are considered to be km prorwunced follow¬ 
ing administration of liktamine. Chemically, iileLimine 
is designated ns 2Herhylamimi>-2-(2-ihicr| i yl) cych> 
hexanone hydrochloiide (Fig. 12.15). 

Tile (amine in combination with zotazepam 
bydroddoride (TelazoJ, 0-7441 was approved by the 
FDA in 1982 Wvr anesthetic use in dogs and cats. The 
drug combination reeoiicsii luted in sterik distilled 
water; this provides both tiletumine and zolazcpam 
with amount equivalent to 50 mg/mL. Dosage off this 
preparation is expressed in milligrams of the drug 
combi nation. 
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FIG, 12,15 


Phajimacoudgic Activity. Mrai of the ptaumiKu- 

togk diaracterUtics of cikn-iim iiK ore similar to dn^of 


ketamine. The duration of action of tilefainiiK is about 
3 limes longer Ilian •* ifh ketamine. 

Pharmacolojtk sAmIr$ have been conducted with 

liletamine atone in the mny^, rat. plge&n. goitres pig, 
rabbit. dag, cat, and monkey tChen ct al. 1967). In 
mite and nils, CNS excitation is obwfid; il is not us 


marked in other species, Tilecamine in Luge (toscs 

induces analge&La and genera] anesthesia in mice, rats, 
pigeons, cals-, and monkeys. In the guinea pig and rab¬ 
bit, only CNS depression occurs: anesthesia is, not 
induced in these two species. 

Til clam i Tie alone is more effective in induction of 


anesthesia in ttdnhuvnan primates and in cuts than in 

tuber specie. DkcbuhcI CNS activity occurs in cuts 

after 1M administration of Iff mg/kg fiietamine 
(Gamier 1969); this includes clonk muscle spasms, 
particularly in the luce and limbs. Administration of 3ff 
mg/kg of lilela nunc iniliales muscle spasms that 
progress into a eonvukive seizure; it is, necessary ui 
administer thiopental for control. A severe metabolic 
acidosis occurs in cats manifesting clonk muscular 

spasms. The body temperature drops from 38.5 to MFC 
in animals following. EM administration of 3fl mg/kg 
SilctomLnc. 

Although il has been reported i; Bennett IWV9) that 
liletaniLne has moderate to no perceptible effect upon 

respiratory activity in the cat. CaUerwood ei af cl971) 

arc not in agree me nl with ihcse findings, According to 
these author*, an irregular respiratory rate, frequently 
lending toroid an inspiratory breath-holding pattern 
(i.c.* apneustic-lype pattern), is seen; conversion to u 
normal pattern may he joined fey IV adlttlnlvinEkMl irf 
a neuroleptic agent i prozaminc or diazepam !■. 

In Eke eat. a decrease in the heart rate and systemic 
arterial pressure occurs al ter an LM injection of titoLa- 
mine; if de._ lines 10 a minimum level within .3(1 min 
ules, with a gradual return to normal thereafter. After 
an IV injection, an etevited arterial pressure and heart 
rate are observed; also, aribythmkai are frequent fol¬ 
lowing IV administration of tildamine. In lire unanesF 
Iheffzed dog, an IV injection of 1 mg/kg fiietamine 
results in an increase of arterial pressure and heart rale 

iIlu lasts about 30 minutes (Chen er ul. I%7) r A simi¬ 
lar dose of lileliunine in dogs anesthetized! with pentn- 
borbiGut also produces arterial hypertension; at higher 
doses (M mg/kg). hypoteristoii occurs, Doses of 


6.6-19.8 mg/kg administered JftiximHtfcLy to dogs 

awakening from isofluranc anesthesia produced an ini¬ 
tial decrease in arterial hi nod pressure Followed by a 
dose-related increase. Heart rate and cardiac output 
also increased in a dose-related nuHK The highest 
dose prodhed a marked decrease in minune ventilation 
(Hcllycr ec al. 1989). Preimedtcation with fiietamine 

does not potentiate the hypertensive response fo norep- 
inephnne. Also, m MKhotinap or aniihisiamitrergic 

effects are seen when li let amine is compared with the 
hypotensive effects produced by acetylcholine and his¬ 
tamine respectively. Tiletumine does nod produce an 

emetic effect in cats (Chen and Enter iftfifl). 

Onset, Duration of Action, and RbcwF-RY. 

Tiletamkre has an arresthetk induction time compara¬ 


ble fo ketamine; it ranges between I and 3 minute* in 
the cai affer an IM injection (Chen and Eiwr 1968}. 

Duration of the peak effect of tibetamine is about I 

hour, or abnuc 3 times longer (ban ketamine. 

Onset of action after 1M infection of fiietamine in the 
cat begins with tlie appearance of akiiresia: this is rbk 
lowed by motor paralysis of the rear limbs, then the 
forelimbs (Chen and Finsor l%8). Reecweiy from the 
of btehUKHie vanes from I to 5 hours in cats 



given doses of 10-40 mg/kg.. 

Cubical Use. Titotamine hydrochloride in combi- 

njtLiiri with zolazepam i JLazepmone tranquilizer) is 
available in a 1:1 ratio, Undesirable side effects are 
seen when Ihe COmpouenis of the combi nation are 
administered alone or separately; combining these 
agents yield* j compatible prepuraiiofi with desirable 
anesthetic, analgesic, and ataractic properties (Honker 
ct al. 19*21, 


POOS. Ti tote mine and zolazepam (6-13 mg/kg) given 
intramuscularly produce satisfactory anesthesia few sur¬ 
gical procedures lasting 30-60 minutes iVr'ard el al. 
19741, An inaBitil IM dra r of the combined preparation 
approved by Ihe FDA in healthy dogs us. 6,6-9,9 mg/kg 
for diagnostic procedures; for surgery of short duration 

(.14} minutes) requiring mild In moderate analges.i$i, 
such as repair of wounds and castrations, an IM dose of 
9.9-13.2 mgAg is approved. Additional doses of tilela- 
miiK-zulraepapru when required, should be toss than 
the initial dose: Lhe total IM dose should mu exceed 
26.4 mg/kg. I"he max.imum sale IM dnse is 29.9 mg/kg 
in dogs. IV admini strati on of 9.9 mg/kg resulted in 
iinile rapid inductions and a similar dgryfion (Tracy el 
al. 1988). Smaller doses administered imravenuusly 1 2 
mg/kg and 4 mg/kgj produced slightly shorter an.es- 
(hetk times (Dort&ldvon et ah 1989), The quality of 
recovery is sofnewhat poorer in chugs dun in eats,, Tliis 
is prohahty due to the relat ively mure rapid niciahidkok 
of Kiuepan) in dogs than in cals. (Jkwey et al 1988). 


Interaction of iileliflu»-a3iazeputi with chkmim- 


phenicol in tiie dog ha\ no apparent efTeci upon dura 
tioii of surgical anesthesia or time of rccoveiy (Hrcc 
ei al. 1,9769), ITns is in contract to the cat., in which 
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duration of surgical ancsihesia and lime of recovery arc 
increased hy chloramphenicol ijBree et al. I976h i. Tela- 


zol (8.8 mgfltgp tr-an be combined wilh xylajine (1.1 
nig/kg) and butorph-iilltil 10.22 mg/kg),. nil ydmiiiistenxl 

intrjmm^ularlys to piwide approximately 70 mi nines 
of good muscle relaxation and anesthesia. Anticholin¬ 
ergic* will effectively ireai bradycardia, and minima] 

tvspimmy depression occurred (Bom ei aJL 19*9). 


CATS. I\l doses of 6- LI mg/kg Melamine and 
jolazepanfi provide sac is factory anesthesia for surgical! 
interventions of 30-60 minutes (Ward el al. 1974). An 
initial dose of 8.8“ 11.9 mg/kg is approved by llie EDA 
in healthy cals for dentistry, incision id" abscesses. for¬ 
eign-body removal. and tiiltef similar prue^uresL for 
vufgery requiring mild lei moderate analgesia, slidi ns 
repair of LaceraiiLMis, cascraiion, and ocher procedures 
of short duration (3<) minuter), an iM dose of I0.fi-L 2.5 
mg/kg is approved. AJso r the FDA has approved an ini¬ 
tial dose of 14.3-15.8 mg/kg liIeLajni ne-zi.djzepajn for 
cwariohystoreclnmv a ml onychet tomy, Supplemental 
IM doses should he administered in increments lhal arc 
less ihan itie initial dose; ihe total dose i initial plus sup¬ 
plemental doses) should not exceed 71. 5 # mg/kg |thc 
muximum sate dtosel. In cats. IV doses of 32.8 mg/kg 
produced anesthesia ol approximately 30 minutes dura¬ 
tion (Tracy el at. 1988)* 

Chloramphenicol therapy increases die mean dura- 

lion of surgical anesthevia by approximinely 30 min¬ 
ute*; ii si so increases the time to reium of ihe righting 
reties by about 2-2.5 hours and lime to relum to nor¬ 
mal by about 3 hours (Bice el al. L976bf This i merac- 
licm with chloramphenicol! can he avoided by not ane-v- 

tbet^ing animals with EitetarruK^mlrap^ Unlike 

the interaction with chloramphenicol, cats wearing, ilea 
collars do run have an apparent interaction after lileta- 
ntine-zolazcpumj imcslhesia (B-ree cl al. 1.9771. 

WNERIIUN PRIMATES, Dissociative aneMhesia pro¬ 
vided by tilelamine- 7 . 0 1azepam is suitable for surgical 
procedures and restraint, particularly for physiologic 
studies in the rhesus monkey (Booker el ad. 3982}. An 
IM dose of 3 mg/kg of tlie anesllhelic combination pre- 

ktuLV v JiiKJsllwvi.i I nr iiLimir MJi'giCii] fm H.‘L"duii."\. 

Tilerumi ne-zolnefHin has been used in 51 pri male 
species (Eads 1976). Adverse reactions Soiling 71 
(2JM6) out qf 2342 anesthetic procedures have been 
observed: this includes, saliva!ion (2.349r 3, respiratory 

depression (0.3^). prolonged! recovery (0.26%), and 
emesi* (0.21%). Also, 3 deaths resulted afler adminis¬ 
tration of the ancslhelie combination. 


I .AltOHATORV Bnt'JiibTS. Tilctamine-7n]a7epam(2fL30 
mg/kg) given intramuscularly in the rat provides- satis¬ 
factory anesthesia Inr surgical procedure^ of 30-60 ittiift- 

litcs 1 Ward et al. 1974). The comhinafton is. not effective 

tot mice or hamsters (Silverman ct al. 198.1). 

GUINEA TIGS AND RABBITS. In the guinea pig and rab¬ 
bit, tael, of skeletal muscle relaxation and response to 


cxtenual stimuli make uleLajuine-zolazepam uifcsatisfac- 
lory for surgical anesthesia (Ward ci al. 1974). 

OTHER SPECIES- TileCairiine-a&uhi/t'pLiim has been 

administered intravenously in calves (4 mg/kg) with 
minimal cardliorowwiii and respiratory changes (Lin et 
iL 1989), This dove produced light anesthesia For 
approximately 50 minutes. The addilkm of 

(0.1 mg/kg) produced transient hypertension and a 
moderate decrease in cardiac output. The duration of 
anesthesia wm also increased (Lin et al. 3993). Figs 
receiving 6 mg/kg of lileiamine-aLolazepam with LI or 
2.2 nig/kg of xylii-rine (all given IM) rapidly became 
recumbent and remained unresponsive ID stimuli for an 

average of 47 (low dose) or 68 (high do***) mumes 

(Tliunmin fitll. f988>, Tilelarniiic ^olu^epairi has been 
admini stered to horses in combi nation w ith xy3azine or 
desomidine. The dose of tiLetamine-zolazcpam ranged 
from 1.1 Co 3.0 rngilcg and produced anesthesia of up to 
an hour durulicm with ihe high dow (Lin et al. 1992; 
Hubhelletal. 1989), 

EXOTIC SPEiriF_S. Tiklnminc-zolazepam hax been used 
in the chinchilla (Schulz and Fowler 3974). Surgical 
anesthesia is produced hy IM dose levels id 22-110 
mg/kg: hinv-ever. some tfcdichs occurred al dosev of 66 
ing/kg and above. 

Clinical trinlsi indicate ihai tilelamine-zolaz-epam has 

vi w-idt margin nf safely for restraim and irnuMibiliMi- 
lion of ihe red kangaroo {Mperapus mf lu}: adequate 
anesthesia and mu-M.'le icki.xacion- lire obtained with IM 
doses of from 2 to 6.9 mg/kg (Bocver eL aJ. 1977). in 
lions and leopards, Liletarnine-ioLazepam has been used 

for induction of ancsihcsia; dosage is expressed in 

mg/kg 1115 and related to duration of aneslhesia by use of 
regression equations (King et -al. 1977). Mile lions and 
leopards are more susceptible to ihe CMS depfressanl 
effects of lilelamine-ZJoki/epam than ftnviJes; itwles 
arc anesthetized 15 minutes longer forgiven dosage. 

Tiletaniine-zciluzepiuii (5 mg/kg) given lnLrj mu ocu¬ 
larly has been used in polar bears (Haigh el al. 1984). 
It is considered to he an ideal immobilizing preTwalion 
for ear-Uigging pnocedures. 

In reptilian specks, ; Lileiamine-^tazepam provides 
suiLable anesthesia for surgical procedures only in 
iguanas: IM doses of 33 and 44 mg/kg produce surgi- 
cal anesthesia lasting about 16 hours (Boever and 

CapuKi 1982). Use of IM liktaffldiie-zcili&pam (22. 
33- or 44 mg/kg) in snakes pnsduces a -deep CNS 
cIcpressinnL it may be neeessary to supplemcni with an 
inhalant agent Let uholish re ilex activity suitable for 
anesthesia. In turtles. tile1amine-7.ola^epynn is mil 
acceplablc as a surgical ajws-thelic agent (Hoever and 

Caputo 3982}. 

Precautions and Contracn nicATro^s. Tiieta- 

mine-zola?cpam must not be used in pregnant animals 
or in thirw that hive pancremie, renal cardiac, or pul- 
moiLtiy dysfunctioris, The drug combination should he 
reduced in gemLric animals. The unused reconstituted 
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solution of (tilemuiiiiiie-^liJi^pani must be discarded 
after 4ft hciirs. 


MISCELLANEOUS AGENTS 


Chlurulose, The fiiinil y of compi.njiids Killed chlo- 
relnses ^ cc-ch lEimniCKMi. monochtoral rf-glucosc) arc pre¬ 
pared by condensing anhydrous glucose with chlo- 
nldehyde (chloral ) in the presence of sulfuric acid, A 
mixture. 3 dichlorafelu£s:ises and 2 nuwiglueoehlo- 

raloscs (i.c. r o-chloratose mid jl-chloriilosel, is lonm.'d. 
In the ex pen mental laboratory ft-chloralosc is used 
more frequently ihaii any of ihe miter chtorakise prepu- 

onions. ]i is n^uinlly administered snuarvenmiaiy in 1% 
ixmccniration. However. eDncentrationH of 10% have 

been prepared by using an inert dispersing ascot such 

as polyethylene glycol (Bass and Buckley I966>. 

Chloral-nse is difficult to dissolve in an aqueous 
medium without simultaneous heating. Because of 
deterioration, ch!orak>se solutions should not be bulk'd. 
After solution is accomplished!. the preparation is 

allowed t&c«l to the approx i nvite body temperature of 
the animal before IV injection. 

CHarak^e h tttetaholijed to diforahiehyde or chlo¬ 
ral. which is mainly tnuisformed into trichloroicnhunnl. 
Hypnosis and anesthesia produced by chloral hydrate 
and chloraluse are quite similar beotise of forriruilion 
of iriehloroethannf 

Chloralose pt^Hes-ses the unique characteristic of 
altering the menial component of CNS activity while 
incnulrts reflets activity, Spinal reflex activity may 
increase to the degree that convulsions similar to those 
of strychnine develop in the dog a^nj cut (Lies 1972 k 
Functional disruption (dissocialjon.) of the CMS 
through marked! CNS stimulation or induction of a 
otalepluid state typifies die action of chkiralose (Win¬ 
ters 1976). It induces stage I and stage II aiwsihesia but 
noi stage III. 

The oral LD^ of chJaralosc for rati, cals, and dogs i s 
dtXMiftO mg/kg (BalH and Monroe For the IV 

or IP mutes, it is 120-150 nig/kg. In dogs and cats, 
40-100 mg/kg fV injection may produce violent tonic 
convulsions resembling strychnine podsouing. 

As an anesthetic agent. ehloralo&e is rertriefcd to lab- 
oratory animals in which recovery from anesthesia b 

mu necessary, h is used primarily in physiologic -exper¬ 
imentation because it purportedly docs nut interfere 
with respiratory and cardiac reflexes, e.g., baroceptor 
and dUBMOepAQr activities. 

Use of IV chlorafose (100 mg/kg) in the dug has fol¬ 
lowed a sedative IV dfltae (I! uig/kg.) tif xyla/irie for 
myocardial function studies (Caflrey et aJ. 1985). Co*n- 
binjekm of xyUrine with chlord^e should lessen 
gross movements such as limh paddling that often 
occur wi th use of difonlose akmc. 

In ihe dug iind cat, ihc IV doae of cMoratose Is 
between 41) and LOO mg/kg; anesthesia lasts 6-10 hours 
(Lees 1972). It is usually administered with elbrr to 
reduce spnnfil reflex activity and "eomuhh'e-Iike" 


actions associated with use of chlnralovc. The cardio¬ 
vascular responses following IV adrninistratkm of chlo- 
ralose (1.00 mgflqg) have been studied extensively in the 
dug (Cox 1972). With the exception of brief effects 
immediately afief injection* which last about 15 min¬ 
utes, there are no changes in systemic hemodynamic*. 
In the cat. chknkBe (75 imj/kg) is commonly used 
intravenously for une-slhesia in the research laboratory. 

Chlorakise has heen used in sheep at a dose uf 48-55 
nng/kg. Onset of action is delayed follow i ng adnunis- 

tration and does mu attain its full effect for at least 20 
minutes. In swine, following premeditation with a 
small dose of morphiiift, the IV duse of chJurakrac 
required to induce an effect is 55-86 mg/kg, Paddling 
nmvemencs of the |imb> are observed in ihc pig similar 
to those seen in sheep. 

In the UK, chloralOBf is employed for kilting rats 

and is available to the general public fl.ecs k972). 
Cases l>J suspected! cblorakrec poisoning have heen 
repented in Ihc dog and cut I Co pc stake 1 1967 k The drug 
apparently is also being illegally used in hails aguinst 

CIOWs, guilts, and foxes (Condcr 1973). However, QtlMf 
birds (golden eagle. buzzard, hen harrier), whether 

i mended or nut, also receive the hail and have died 
from its use. 

tn the USA, rhloculose has been used to capture wild 

turkeys and mounting doves (One arid Greenwood 
1972) and has been used w ith diazepam foe capture of 

Canada geese. 


Urethane, Vrrthtme. NF (NH 2 COQC,Hj. is also 
known as ethyl carbamate, It is titanically related to 
urea and is readily soluble in water and alcohol. Ure¬ 
thane h used only emotionally m an anesthetic in lab- 
oratory animals and then only in nonsurvival or acute 
experiments. The drug cun be adminiHiered intru- 
venuusly (I g/kg) nr iflttflperilOCKtlly (1—2 gflg) In 


small laboraKuy animals such as the rat. urahune (1.25 
g/kg;i is administered intraperiLnneuUy. 


Urethane; is nut used clinically because there are 
safer anesthetics available. It produces anesthesia iluu 
Lavls many hours. Il is metabolized slowly into car- 
humic add and ethyl alcohol. I.iver injury is produced 
by urcdmne. The rane of dimmytkin is slow thuL pul¬ 
monary edema usual ly occurs before the animal fully 


recovers, from anesthesia. In uddisiofli, urethane tm a 


eareinogeiMc effect in several s-poefes. 


Props nidid. Propanidid! (Eipontni, E'abanlok FaboniaJ) 
is a nunbiirbitunite IV anesthetic used for inducing 
anesthesia in humans. It induces CNS excilattn-y side 

effects wills eillso rigidity or uiReonCnilk'd numeineBil 

(Steen and MichenfeLder 1979). When given to epilep¬ 
tic patients, propanidid (like keUnnmel triggers seizure 
activity, 

Propanidid (17.7 mg/kg) given, iniiwvcnously 
intUfcces hypnosis, in rets; an IV dose of 50 mg/kg i» 
necessary to induce sleep for 2-5 minutes (Janssen el 
uL 1975). Alter administration of 50 mg/kg. recovery 
requires 9 minutes. 
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Mt'lomldihli 1 . INN iHypikxhlk is 3 nuti- 

harbriLiiratc drug recommended for anesthesia in birds 
of prey (t^xTper MJ74a; C ladle and Martin I97ft>. h is 
administered intramuscularly into the leg u%\n$ a I mL 
tuberculin syringe and a 25- or 23-gauge needle. Doses 
of metumidaie range between 1.1 and Ift rag/kp for 
various species. Some deaths have occurred following 
repeated use at doses flf I d mg/kg and above. Duration 
of anesthesia ranges from 70 to Lft5 minutes. In birds, 
other drugs genendly art Mi administered with melo- 

Hiiduit; occtstooalfy, maintenance of i nerthe iii may 
require supplerMflUd use of an inSsalant uesflutic. 
However, inchsmidacc has been used with azjipemne in 
swine. 

Melumidate (30 mgJkg) plus fentanyl {0.(15 fflg/kg) 
given subcutaneously consistently produces surgical 
anesthesia in two species of gertiils (Flecknell ct al. 
I9H3). In the dog. IV mclomidate (4 mg/lcg) has heen 
used in combination with nvlazirie and a phenuthumne 
tranqui lining agent i Holcnwegcr dt aL i9®4k 

Mehnnidate is nol available for use in the USA. It is 
used primarily In ilk; UK suh) other enutritt. 
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OPIOID AGONISTS AND ANTAGONISTS 



KEITH R. BRANSON AND MARJORIE GROSS 


Opioid Source m4 Conip«tiou 

Opioid Kl iipImo 

KlKfogCIHMlS Opioids 

Opioid nbiraxvd)iMmini 
Full Agoni§ta 

lull Arttuptiisfels 
Partial Agoiihb 

AjtioJtf-Aiibiiionbflft 

Opioid Apsilbb 
Morphine Sulfate 
Codeine Phosphate 

Hydromorphnm Hydmchlorlde 
CMinforphane Hydrochlaride 
Meperidine Hvdrochbridt 
Methadone Ilvdiwhlaride 
Fcfiljiiivl Cilrutr 
Sufentanil Clflrate 
AireninniE Hydrochloride 
C 'arfc-nlariil Citrate 
kemiknunil Citrate 

Etnrphlne Hydrochloride 
Propoxyphene Hydrochloride 

Opidd Antagonists 

Naloxone Hydrochloride 
Diprenorphine Hydrochloride 
Levallurphu Tiirtrale 
NdtraHK 

^ilmetene 

Opioid Purhd Agonists 

Buprenurphlne Hydrochloride 
UrufeM Hydrochloride 
I Ipi old A uji iii ist - A n |jh|"cm i^-ts 
\ iillniplutiL 1 llydrmldor idv 
Pt'lllU/iK'inr I .IkL'IaJt h* 

II uii irph and Tail r.i!e 
Nalorphine llydrochhride 
Opioids IInet Spinal Analgesia 
Opioid* and Peripheral AnilRda 


The Milyk: drags play an u upanul me in the clin¬ 
ical practice id veseriikiury medicine.. l.Lnyd E. Davis 
(|9BiH succinctly described the correct role nf anal- 
ggcMC therapy; 

One ml' the psychological cunuttilics of 
therapeutic dcdnffl making Is the w iih- 


hulding of analgesic drugs, because the 
clinician is hoi absolutely certain ihitl I he 
animal is experiencing pain,. Vet the same 
individual will administer antibiotics 
without documenting the presence of a 
biieicrial infection. Pain and suffering 
constitute the only siliLalion in which 1 
believe that., if in doufrL, one should go 
ahead and (real. 

Kun management also is of increasing importance in 
laboratory iinimal medicine. Guidelines were iMWd in 
January 107S by ihe IPS DepanmcnL of Agriculture, 
which has ihc responsibility for enforcing Ihe US Ani¬ 
mal Welfare Act, to ensure appropriate use of pam- 
relieving drugs by biomedical research laboratories. 
Regulations of the act place considerable responsibility 
upon Ihe attending doctor of veterinary medicine t© 
mure upprophtfi 1 ' IIU of analgesic agents in experi¬ 
ment] animals. 

Although other classes of drugs produce atiafgetvA, 
ihe primary type ill' drug used fnr analgesia has been, 
and wilt probably continue to be. Lhe opioids. Since ihe 
1:960b* analgesic agenls such as lenlanyl tixymur- 
phone. etorphine. and tubers ha^e been introduced. for 
use in animals. These agents are important in allevia¬ 
tion of pain and are oaluablti iii liicilitaiihg restraint and 
handling of animals. 

In 1978. carfentanil citrate, a tenUuiyl analog. was 
introduced Ibr use in human medicine: 2 years later 
another analog. named alfentmil hydrochloride, appeared 
on ihe scent OffTcnrtanil has been used in several species 
of wildlife fur iiitn^obili^tion purpi im. 1 *. Another analog 
of fctltuiyl, sufenuinii citrate, was introduced for human 
use in I9H4. Iis duration nT action is shorter and aboul 10 
times mure potent than lentanyl in Ihe dug (Reddy m id, 
1990), Tlie iikkhI recent feflduyl unalng. rcmifenLanal, 
heciumt milaMe fur human use in 1996. 

Numerous oLhcr synthetic npioids have also been 
developed in an attempt to minimize the undesirable 
effects df Am drugs. These chemically diverse cum* 
pounds lake advantage of Kkdive activity at opkrid 
receptor*. 

The increasing practice of combining an analgesic 
iLgcul with neuroleptic drugs j droperidol and the phe- 
nodiiazine tranquilizers i or a, agonists has expanded 
the number of preparations the veterinarian can UK for 
n e y ro I e p willgcric p u rpii % e s.. 
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0140111 SOURCE AND COMPOSITION. Opium 

has been used in medicine since the dawn of history. It 
wasi ree^’imnneiidcd for relief of pain in the 7'tTpyrpjr 
Fibers, written about 1500 BC. Greek. Arabian. and 
Roman physicians were well versed in the use* of 
opium. Arabian trader* introdtteixl il into Ihe Orient. 
Opium has been widely used by physLCians throughout 
(he world from Limes of earl its! record, through the 
Dark Ages in Europe.. the Renuis-Siuhee. and 10 the pres- 
enl day. During the ciglucenali century, Portuguese 
merchant shippers promoted its use in China solely for 
economic exploitation. Armed conflict resulting Imm 
this and other esploitalions led to international regula¬ 
tion of opium gomiwite by ihe former I l>I‘ 

Nations mi now by the United Nat ions. 

Within the USA the Drag Enforcement Agency of 
Lhe Justice Depujimerit maintains a large workforce to 
regulate and control imporiatirwi. processing, sale. and 
dispensing of all opium and its alkaloid*, since it is 
capubk of producing addiction in humans. On May I. 
1971, the Cont relied Substances Act of I WO was 
implemented; it superseded Lhe Harrison Narcotic Acl 
of 1914, With the exception of heroin and souk other 
opiate derivatives-, morphine and all derivatives MG 
classified as Schedule LI drugs. Heroin is citified a* a 
Schedule I drug because it has no accepted medical Use 

in the USA. 




The adklkilve property of mocphliK is ofhitle direct 

iiiLpiiiiiiiK-c in animal medicine because generally am- 
nub are ikw given the opportunity til deve 
dependence. However. development of addiction in 
humans has led to restrictions LhaL have oust'd many 

veterinarian* 10 forgo m& of noorptllEie and nwrphinc 
substitutes in their practice, This is MtlfwiMe because 
theme drugs have valuable applicaiaons in veterinary 
medicine. Opium is Ihe air-dned milky exudate 
obtained Irorn the incised unripe seed capsules of the 
poppy plane. i*ap&Hvrr sommfirum, which is indigenous 
to Asia Minor. The plain is cultivated in other coun¬ 
tries, sueh its China, India. Iran, and Egypt. After the 
flower |ieLaL fall B the green seed capsule is incised. The 
milky juice dries cm Lhe capsule to fonn a brownish, 
gummy mass, which is collected, dried further, and 
powdered to make Op turn. USR Interestingly m 
phi m may be a ubiquitous component of plant-derived 
foods such as hay and lciiu.ee. Its discovery has been 
reported in eow and human mall; in concentrations of 

200-500 n*/L (Hazum et al. 1981). 


I a h;si niiiLologieslly. Lhe aetive llulsli i uciiLs of opium 

are alkaloids. Opium contains about 24 alkaloids but 
only 2, morphine and codeine, have much clinical use. 
The principal alkflJoid of opium is morphine. A smaLL 
fraction of opium contains ibebaine i dimethyl mor¬ 
phine K anodief alkaloid, which has convulsant adJivity 

similar to strychnine,, i 


OPIOID RECEPTORS, Opioid receptors have been 
identified wWhin the central and WEonomk nervous 
systems, ihe myenteric plexus of ihe gasirointesEinal 


(Ul) tract, heart, kidney, vas deferens. pilKRlk flit 
cells, lymphocytes, and adrenal g lands. These receptors, 
are stimulated by OpiQtdS at the cell membrane surface 
in a skTLHisp_-LLfiL- ni in in er that has been described as a 
lock and key interaction.. Opioid agonists have been 
described as '“keys' - that fit into a “lockf with only ago¬ 
nists being able to completely "turn in the lodf 1 and 
produce a pharmacological response. A more complete 
description of Lhe agonist-antagonist relationship is 
presented in the next section of this chapter. 

The activation of ihe opioid neccplof is coupled to 
change* in km conductance and 0-protein interaction. 
Opioid agonists with p- or ft-recepfor coupling will 
l*viAc O-protoin-mediated inhibition of eAMP. This 
results in an increase In pc^sium conductance, 

hyperpularization of neuronal membranes, and 
decreasing, synaptic transmission. Kappa receptors 
have a similar G-pmLein- mediated mechanism!, with 
resultant decrease* in Calcium Influx And ncuroirans.- 
mitter mobilization and release, This decnaK in cal¬ 
cium influx may partially explain the potentiation of 

opioid-induced analgesia by calcium entry Mwkm 

iMurktn 1991), It has heen suggested. IbaL opioid ago¬ 
nists- may produce a local ancsthctic-like effect on lhe 
surface of excitable cells. Such an effect would not 
involve a steroospeciflc receptor I Prank 1985). Sero¬ 
tonergic pathways (Althaus et a]. 1985) and GAD A 
receptors (Bailey and Stanley 1944) may tin play 
roles in lhe production of opfoidHttAdiftted analgesia. 
Opioids and t^-ld ta n a g i c IgonlalS arc similar in their 
activation of inhibitory presynaptic adrenergic recep¬ 
tor* on nociceptive fiber*, hut then exert their anal¬ 
gesic effects along different pathways. As a result, 
analgesia is enhanced and duration of analgesia i* 
increased when a,-adrenergic agonists, and opioids are 

administered simultaneously. 

Rased upon studies in the chronic spinal dogs, W R. 
Martin and eoworkers in 1976 proposed Lhe existence 
of three distinct types of opioid receptors. Each of these 
receptors was- named for a drug that demonstrated high 
binding affinity tew that receptor: ]i (morphine), X" 
(kelACyclazDCLlKk tJ (SKF ] 0.047; tV-allylnormeta- 


jodri). The fi receptor has since been identified, and 
subdivisions of the |i and is: receptors have been sug¬ 
gested. One <of the K subtypes may actual ly represent a 
new type of opioid receptor the e receptor (Nock et al. 
1940). The |i, <■ and 5 receptors are currently the tDOflt 
(irmly cvc^niud leceptar (Pkuvvy 1943).. 


Mu I|i} Opinitl Receptor M-ost of the effects of 
mLnphiue-like dnigs appear to be mod rated by the p 

opioid receptor. Two subtypes of this receptor have 

been identified tWolodn and Pa.vlemak 1981; Paster¬ 
naks and Wood l9Nf>; li^huk The analgesic 

effects of morphine-like drugs are believed to be 
mediated by both Lhe |i, and p^, subtypes, whereas due 

|l. suNype appciirs to mediate respiratory depression 
and inhiWlion of C l mobility. The p. subtype produces. 

supraspinal analgesia and the p.., receptors produce 
spinal anaLgexia. Enkephalins appear to he the 
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endogenous HgKkh Itar the ijl, receptor, btn endogenous 
ligands for lhe receptor have noL been identified. 

HeliJi (ft) Opioid Receptor The ft receptor shows. the 

greatesl selectivity for the enkephalin endogenous opi¬ 
oids. There are also opioid drugs thut hind to ft rccep- 
lors. and it has been suggested bhaE the 5 and ji recep¬ 
tion may exist b an Interactive raokcuhr complex 
i Vaught el cil. 1982). The ft receptor appears Do mediate 
analgesia prioufily at the spkul level. There is some 
evidence to suppent two ft receptors: a ft,, which is phi- 
nnuily involved in spilt! isiiii nodvJauan, and a ft, B 
which is active supraspi nally (Jiang eL al. 1991: Matcia 
d til j] 99 [l; Mania «t «L 1992 ) 

Naloxone KttmitoH the decrease in blood pressure 

that occur* in rtvock. appuretuly hy pnvaning ft-rceep- 
tor activation by endogenous opioids released during 
shock (Hobday 19 Ui)l 

Large d om:*. of naloxone are required to block ft 
receptors-. Although naloxone is elfcclive in reversal of 
shock, it also Mocks ibe p receptor- which mediiite^ 
analgesia. Thii action ©f nahntone is not desirable ini 

shock therapy because excmciattig pain is imenNficd. 

A selective 6 antagonist would he superior to naloxone 
in reversal of *hcick; such a selective antagonist, if it is 

eventually lynthcsimJ. will have the combined benefit 
of nmniDig the duck or ctrdioviscdif depruiioo 
without blocking opiate jmiilgcsia produced at HO-ft 

naptm. F.xperimcnliilly, a selective ft antagonist, EO 
M 154129. will reverse such hypotension at doses that 
fail Ll> antagonize morphine analgesia (Holiday 

tmm, 

Kapp® (it) -Opioid Receptor The k receptor is 

involved in both spinal and supraspinal antinociception 
(Millan 1990)- Both x and 11 receptors mediate analge¬ 
sia. but Lhc u agonists produce euphoria and the X ago- 
ni&Ls produce ftcduJion and dysphoria. In addiLitin, X 
agonints produce naloxone-sensitive psychotomimetic 
effects (Millan 199Q)* The endogenous ligand for the < 
receptor is probably dynorphin. Dynorphin k stored 
wish v«H|)RSfin in the p^Merior pituiLary. It appear* to 

illecluiie jufe inhibitory l^clhiM;!; limp hy ^L'tEViiOiLg K' 

receptors when released with vasopressin, preventing 
further release (Cox I9 HHl There is evidence of three 
X- reeeplor subLypcs. ITie K ( receptur hi believed lo 
mediate analgesia supraspinally. the tf, has spinal anal¬ 
gesic properties (Rutomlc 1994-1 and it has been sug¬ 
gested that one of Ihe subtypes may actually he the p- 
endorphin-spccific 2 receptor (Neck et aL L990). 


Opioid Receptur The es receptor was orig¬ 
inally believed to mediate psychotcmi melic effects of 

opioid igofljfil-tottgQflfjbT and opiokb chat produced 
Buch effccti CMH to be known u sigma opioids Ft b 
now understiihid that Lhc drug originally used lo char- 

■ttrixe tlw cr receptor (-SKF I0.EW7I h a nmic mix¬ 
ture oF dcx.tr©- and fewnAftory isomers that bind at 
leusL three types of receptors. The levoroLulory isomers 

bind p, and x opMd reception, and (he dextmntiiory 


isomers- bind phencyclidine ma p t o ra and -another 

receptor ihat was designated as «j (Mussochlo 1990). 

The cr receptor exhibits a preference lor dextroruCuLory 
forms and is not sensitive to ruJoKHK, which is a lev* 

orolitory form. The psychoLomimetic effects of ugo- 

ntH-wtagonuCB arc mediated hy levorr^^tcjry fonih* 
Sind can be antagonized by naloxone. This would 
apparerlly exclude the © and phencyclidine re cep ton- 
as medtulorH in production of opioid-related psy- 
dHltltnkDetk effects The <5 ROCpton do not appe-iir to 
mediale analgesic effects. 


KNDOtrENOHS OnOlltS, Eodo^nout opMdl are 

hslieved to aht in all vectebnte specks and in many 
Lnvenehraie tpwki (Okn ci aJL I9KI>. Tliroe families 
■uf endogenous opioids have been described: [i endor- 
phin. enkephalins, and dynorphin. The first, p endor¬ 
phin. is produced fnrni the precursor pnxipiome- 
Lanocortin. which cleaves to form adrenoccwticotropic 
htmTitmt (ACTH) and p lipotnopin SFastcmak and 
Childen* 1984). UeLa lipotr-opin is devoid of opioid 
activity and doarves funher to yield [) endorphin (Mains 
el at, 1977). 'Ihe highest concentrations of p endorphin 
occur in Lhe pituitary gland and in the medial, basal, 

and atcuate regions of the hypothaluMis (Rnnifir cl d. 
1977k cntfcir^ihiri tin exisu outside the central 
Demux system (CNS), in ilx- small intestine, placeotau 

and plasma (Orwall and Kcnddll 1984): ct al. 

1980), Pmenkcphalin is the precursor for nwthioninc- 
enkcphalin ([Mct|enkephaLiui) and severs I other 
enkephalins ttiuhicT cl al. 19Hl ji. Enkephalins are 
widely dlsLnbuLcd in sul-un ol lhe CNS which receive 

afferent n ockcp tive InfbnmlRn famygduhi. globus 

pailidus, slxiatuni, hypoLhalamus, ihalanius, hrain siem, 
and laminae 1, IE, and V of the dnrsal horn of Lhe spinal 
cord). |Mct|enkephidiii will rapidly depress ventilation 
and to u lesser extent heart rale and blood pressure 
when applied to the ventral surface of the brain stem in 
cats. ITiesc eflccLs arc rauloxone-rcvcrsible (Flmcas ct 
ul. 1977). Lnkephulins iilso exist in the peripheral nerv¬ 
ous system (peripheral ganglia, autoflouic nervous sys- 

l^ilk, julreoal ihk'dullij'U llbv TIE trj^t-i asisj pliiMfebL ff^yisE^r- 

nak and (Childers IVJ441, [Jynorphin and 
kucine-enkeptudin (|Len|enkcphulin^ are derived from 
Lhe precursor molecule prudynorphin. Dyncxrphins are 
believed to function primurily as neuromodulatoTs in 
the CNS through interaction wiih k, and ft opioid 
receptors (Paquette and Young I'OTI i and may play a 
role in the central control of the cardiuvascular system 
(Rnchfnri ct al. 1991). Dynorphin appears lo be dis- 
Lnbuled throughout other ureas of the CNS involved in 
nociception: periaqueductal gray, limbw: system, thula- 

mu^. ud lainitiiu; I and V of the docul hum «f the 

spinal cord., 

The endogenous opiivids are part of a functional hrer- 
wdhy duK exists in ftweeptioo. Ituttil pnKessing of 
atfercnt nociceptive informatinn occurs from periph¬ 
eral nerve endings to Lhe dnrsal horn of the spinal enrd, 

am in which both dynorpNiu and enke]ihyi(ins are 
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active. High concentration* of dyiiorphin*, 
enkephalins, ajud fi endorphin arc found in key amend¬ 
ing and descending relay stations for nociceplira in I lie 
mitlbrain, brain stem, and thalamus. Dynorptnn, 
enkephalin, and £J endorphin are also asM^iaied with 

neurons in higher brain centers involved in ibe percep¬ 
tion of pail {limbic system, amygdala, and codes} 
(Bliley and Stanley I994). 

The greatest role of |3 endorphin is probably mLxiu- 
lalion of nociception during stress, midbrain periaque¬ 
ductal gray stimulation, and acupuncture. Enkephalins 

act as inhibitory iwurotnansmfcfilm and may elicii anal¬ 
gesia through the modulation of substance P release in 

ihe dorsal horn. Enkephalins may also play a role in 
aciLpuncitire-rincdli^led analgesia. Dynorphin may be 
more important in nociception at the spinal cord level 
through activation of X receptors {Bailey and Stanley 

1994), although current information suggests activity 
of k receptors at both Khe spinal and supraspimd levels 
(Milton I990|. Otter role* have been Miggcated for 
endogenous endorphin* hut are incompletely defined at 
chi* time. 


OPH III) PH ARM AC* IDVNA M ICS* When 1 he 

pharmacodynamics of opioids is discussed, several 
terms must he defined and explained. 

Affinity describes a drug's ability to bind Id its recep¬ 
tor sites within the body. A drug with ii high affinity 
wilt bind readily and strongly 10 those recepinri, Con¬ 
versely, a drug with no affinity tor a specific receptor 
will nu4 interact with thaL receptor vie all. 

The tit rrvrfr of a drug describes ife ability to Cause an 
action in or on the cell where its receptor resides. A 
drug with do activity w ill have m direct effect even if 

it is bound to a recepror for w hich it has a high afTmlty. 

I n the case of opioids the potency of a drug is often 
directly feinted to if* affinity for opioid receptor sites. 
This means a drug can be described as very polcnl 
(high affinity) even if it exhibits little or no* activity 
when bound to a receptor. This terminology can be 
confusing since tile potency of an Opioid is often 

assumed to be an indication of its analps^pratfadog 
ability. 

The efficacy of an opioid is a better indication of iis 
arudgevic properties. The efficacy erf a drug can he 
illustrated Uving a dose-response curve (Fig. 13.1). On 

a Jkise-respotfLse curve ihe drug that produce* like must 

analgesia, as evidenced by the height at the righc end of 
the curve, is. the most efficacious. If two drugs have 
equal activity at a receptor site, the drug with the h igher 
affinity is life most potent. Alternatively, the opioid 
with (he greater activity is the more efficacious when 
two drugs w ith equal affinity are CLunpared. 

If lhe activity of opioid* was limited to one receptor 
type, Lhe relationship between efficacy, activity, and 
potency would be straightforw ard, but this is not the case. 
The affinity ami activity of an opioid cun vary between 
receptor types, and ihh result* in many variations in over¬ 
all analgesic efficacy. In an attempt to describe this, tclj- 


(ioflship, the opioids are often categorized as to their 
affinity ind activity into full agonists. full antagonists. 

panial agonists, and agoniJt<inlBgQfli*^. 

Fill) Agonist*. These opioids have holh aMinity lor 
and activity al all the clinically relevant receptor* The 
full agonists are known for their ability to produce pro¬ 
found analgesia as well us signi fleam side effects swell 
as respiratory depression. MotpUlK is an eunpk of a 
full agoniSL The dose response curve for a full iigunist 
is shown in Fig. 13.1 A, 

Full A ntsa^onuibi. These opioids have affinity for but 
no activity at opioid receptors. The antagonist* iire used 
els reversal agents for agonists because they have no 
significant analgesic properties (Fig, 13J B). To effee- 
ttvdy reverse Lhe agonists they must bind to the reevp- 
11 irs and bloc k access by the agpnisu. This can he done 
by using an antagonist with a higher receptor affinity 
than lhe agonist or using a larger dose of antagonist. 
Administration of an antagoni st after an agonist resul t-- 
in a hhife of the dosc-rcspattsc curve of lhe agonist to 
chc right, This means the agonist dose needed to pro¬ 
duce a specified level of analgesia is now greater. These 
drugs are often used clinically to reverse Lhe effects of 
a full agonist The goal is to reverse Lhe agonist's unde¬ 
sirable effects, hue unfortunately it is not possible to 
selectively leave the analgesia unaffected, Careful titra¬ 
tion of the antagonist dose can, however, result In some 
residual analgesia. These drugs are competitive antag¬ 
onists, meaning they are competing with the agonist for 
□ limited number of receptor sites. 

FnriltJ Ageolri* Partial agonist* huwe affinity for 
only some opioid receptors, and they have significant 

activity for the receptors they do interact with. Bui: 
there arc ocher opioid receptors where ihey have no 
affinity or activity. The efficacy of these drugs is lim¬ 
ited when compared to the full agonists since they can¬ 
not involve Jill ihe receptor type* in pain control. As a 
result, the initial portion of their dose-response curve is 
similar to Ihal of the full agonists., but the maximal 

analgesia produced is less (Fig. 13 . 1 C). 

Agonisl-A ntugimisk. Classically, these opioids arc 
described its having affinity for all opioid receptors bul 
only demcui-sLniLing agonist behavior at some of them; 
they were thought to Kt US antagonisd*al the other opi¬ 
oid receptors. More recently there is increaiillf evi¬ 
dence ihal they may haw some very weak agonist 

activity al slue receptors where Ihey were previously 
thought to be antagonists iBowdle and Nelson 1994). 
But this activity i* of such low magnitude that they arc 
unable to produce the degree of analgesia associated 
with the full agonisi*. The dtaae-respori&e curve of an 

agoni^antagofiist indicates a lower maximal efficacy 

(Fig. 13.ID). The agruiisi-antagonists effectively aetys 
antagonists at receptors where they show affinity bul 
have link to no activity when they are administered 
with full agonist* since they shift the dose-response 
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cum Ilf Uw agootflt to the rigid, Clinically, Ihcse agent* 
can be used Lc» partially reverse the effects of [he lull 
agoniitv. With them it is jomewhal easier to provide par¬ 
tial reversal! with wmc analgesia remaining because of 
Iheir own, albeit weaker, intrinsic anulgCHH: properties. 


OPIOID AGONISTS 

Morphine SuIfnU'. Morphine was the first of the plant 
alkaloids to he i seriated. It was cry-staJlized from crude 
t^pium by F. W. A. ScnUimer in 1805- MorpItWf Sulfate, 
USR Is the principal salt of morphine. Pharmacopeia* 
generally base Lhe standard hr opium upon its mor¬ 
phine content. The United Suites Pharmu< t*peia HHtt 
thut official powdered opium chilli cufltflin not k>s than 
10% npur mere than ] (1,5% of anhydrous morpUK. In 
addition to lhe alkaloids, opium HlIrtH pharmacolog¬ 


ically inert substances such a* organic acids, resins, 
gums, and sugar*, which constitute about 75# of the 
weight of dried powdered opium. 

CHEMUIRY. J thL' moephine molecule consists of a 
partially hydrogenated phenanihrene nucleus, an oxide 
link, and a nitrogen-containing structure (eUhenamine. 
—CfljCH,—NOHJi. In addition, two hydroxy groups 
(ilooMic and phenolic; sec Fig. 13.2) are important in 
maintaining lhe pharmacologic integrity of the mor¬ 
phine molecule. 

Synthesis of morphine has been accomplished with 
considerable difficulty. SemisynChcCic derivatives aiv 

relatively easy to uwmtfaciure by sdbstffalHO off dm- 
Leal ndlcakf in place of the hydrogen atoms ai one w 
both hydrosy positions of the morphine molecule. 
Chemical relaiionships of the natural and semisynthctic 
opiates are given in Table llX 
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TABLE 0.1—Natural and scttll&y nthetk opiates 



Phenolic 

position 

Alcoholic 

ptMiuon 

Muphint 

H 

H 

MelhylirH^rplurie (cxhJl'Mi?) 

CH, 

H 

1 [ydrxwTKwjd-iDriif * 

H 

O 

DmclyfiDOipIkiiic (heroin) 

COCH, 

coch; 

Osyfiforphonet 

H 

o 


*Hydrogc-natksf] of carbons 7 and 8 occurs w ith Itic double 
huid being; removed: un oxygen alum replaces the H and OH 
groups in position 6. 

+Willi ^xccptinra of an OH miup replacing llm II alnm in 

carbon 14 position (opposite -or to die left of carbon 8k the 
chemical mvetiM is idemki l in hj/dmHfk^ 

When sutaliiutioiLs. are made in plaue of one or both 

hydrogen atoms id the phenolic and alcoholic hydroxy 

position, pharmoctxlyiiuiiiie activity of (he morphine 
molecule is altered in an interesting manner. Alteration 
df the phenolic hydroxy group reduces analgesic 
potency, respiratory depR^iaa. and the likelihood of 
constipation. A stimutfliU activity upon ihc CNS is noted 
when substitution is made in this pos-thun. The lessened 
analgesic pdBency and increased stimulant effect typify 
Ihc ph&miacodynamk: activity of codeine. If substitution 
js. made oi the alcoholic hydroxy pndlnfl, narcotic and 
respiraHwy depression are enhanced. Consequently, 
hydrornorphone hydrochloride is more potent as an anal- 
gesic agent than morphine. Substitution in either ol the 
hydrtny podlions lessens emetic acLivTly of the parent 

molecule. As a residl. bodi codeine and l^dromoiphoiie 

are less, potent than morphine in producing emesis. 
Other semisynlhetic derivatives of morphine are 

ipominplviirte hydrochloride, a poiem emetic agem, and 
naloxone hydrochloride, an antagonist of opiate-type 

drags that has important clinical application. 

To dale thousands of opioid analgesics vv nth diverse 
chemical structures have been synthesized and studied 

for their analgesic,, uniidiurrlieal, uttkijstve, and 
addicting eharacBerisaies C Man in I9B4). Consequently., 

many analgesics have been discovered that have been 
classified as either opiates or morphine-like drugs. The 

morphine- like drugs generally differ from morphine in 

Ihcir pharmacologic actions. 


PH A k M acol.ouic Actions . The pharmacologic 

actions of morphine are described below 1 in great detail 
and are similar to Che general effects of alt the opioids* 
The specific organ effects of the other opioids are not 
described as thiHTiiughly since they are generally simi¬ 
lar to them of morphine. 


BRAIN AND spinal OOKIX The action of morphine 
upon the brain and entire CNS is irregular. It appears 
that the brain contains at tea m three distinct opioid 
nerve networks: in enkephalin system with compo¬ 
nents similar to those found in [he adrenal medulla, a. J3- 
aftddrphiii system, and a dynurphini system (Wilson eL 

al. 1982). The enkephalin system appeals to be a sepa¬ 
rate entity from [he p-eodorphln and dynorphin sys> 
tents. Immunoehemiciiny. dynoaphiii occurs in neu¬ 
rone, while enkephalin docs not. 

The basis of irregular action attributable to morphine 
can he better undersioixl now that diiTerent types id 
opioid receptors have been identified. The major phar¬ 
macologic action of morphine is produced almost 
exclusively by the i -) enantiomer or isomer. The unnat¬ 
ural (+} enuritiLKtnei of morphine induces only minimal 
activity. 

Early CNS effects of morphine administration in 
animals include changes in behavior (Simon and Hiller 
lf)7S). CMS depression is seen in the dog, monkey, and 
human* while CNS stimulation or excitatory behavior 
is elicited in the cal. horse,, goat, sheep, pig, and cow 

following systemic adninistration of morphine, In m 

effort to ascertain whether the species difference in 
behavior induced by morphine is a reflection of the- dis¬ 
tribution pattern of opiate binding sites in the brain, 
Sim™ (1977) investigated binding of radiolabeled 
etorphine in various regions of the brain in a number of 

specter. There U reasonably gucid reproducibility of 

anal om seal region in the 

dog, monkey, human, *bcep.. cow* and cat. The only 
ureas of [he CNS thaL show cutvsistent differences are 
the amygdala and frontal cortex. These regions are at 
least two times higher in receptor level for the species 
that show CNS- depression than for the >pce ies that 
show CNS excitation to opiates (Simon 1(377)-- l"hcsc 
cunvi-stent differences between the two groups of mam¬ 
mals arc must baffling. Ibe amygdala and frontal cor¬ 
tex are components of the limbic system wherein most 

of the areas of high opiate binding in dog. monkey, and 

human are located [Simon l(?77;i P Interestingly, mon¬ 
keys become placid following hiiirterul -amygdaiec:- 
tewuy, whereas, the cat displays, a sustained aggression 

and ferocity. Consetpisvll^ amygdalectomy resembles 

the effects seen in acute morphine administration in 
these two specie*. 

Considerable controversy has existed regarding 

whether morphine should be used in the cat because of 
its inability io consistently produce sedation. Studies 
indicate that morphine sulfate is effective in oblundirag 
intense pain. According to Davis, and Donnelly (IMS), 

the atcitatnry response frequently observed in die cal 

may be the effect of overdosage w iih morphine. When 
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doses of morphine hydrochloride of 5, 10, iuh] 20 
mg/kg are injected intraperitoncally in couctHH cat!^ 
a manic response dttntierittd by tiypcnpvilHiM 
Sfld aggressive behavior is observed (Dhasmana et al. 

1972k This response can he prevented fry pretreatmenl 
with either CNS cttochDlaniK depleinrs (ijt. reser- 
pirar, tctrabenazinc) or central dopaminergic recepuw 
blocking agenLs such as Lhnse produced by chhMpro- 
tim/ine liydrLK. hii.Knde and tudopcridol, which also have 
DHHhflHgic receptor stocking action. Another inter¬ 
esting. action of morphine in die cut Its llie production of 

insomnia, which i§ rcversihle by naloxone. Ef P endor¬ 
phin or morphine is injiscicd incruventrieulafly. Insom¬ 
nia is produced | King et al. I W|). 

The CMS ffiwkadoa or manic effect prid^LX'd fry mor¬ 
phine in Che cal may occur Irom atLcralion an the func¬ 
tioning ef brain dtsparnmergic ckt noradrenergic sys¬ 
tems. It i* known that drugs that block dopamine 
receptor* always increase striatal dopamine synthesis 
and tnowr This is also true with morphine (Lai i 
]975) P Brain mneemraiion of iKnnoVanillic acid, a 
metabolite trf dopamine; iooftuu id lowing morphine, 
suggesting. that an increase in catabottui mui in 
twain dopamine. Conversely. morphine deprtvw?* nora¬ 
drenergic activity in the locus an l m of the rat. and 
this effcdl appears to be related Lo the unavailability nf 
norepinephrine at the receptor sites. It is possible that 
stimulatory action of morphine and related compounds, 
including fenlanyl, is due to indirect lkl-iil'hi of those 
drug*. predominantly on noradrenergic cerebral func- 
tkMtt (FUedtn ct al. 1978k U this is correct, it may 
cmplaia A* inliibilory effect of reserpine un stimulatory 
actions of morphine and fentiinyl Keserpine doct nnt 
iuhabil synLhesis ol dupiuuine hut does inhibit activity 
of dopaminc-p-hydrosylusc. making interaction 
betwm the enzyme and dopwiiaft more dUBcuk 
Consequently, sesctptK decreases the rate of synthesis 
of nonepinephrine. Increased locomotor activity or per¬ 
sistent restlessness (stereotypy | seen after morphine 
admimsfration appears lo he due io release of norepi¬ 
nephrine and not dopamine. 

As stak’d, SWitt. goats. sheep. catLle. and horses arc 
generally siinidhued by mocphiKr HOWW, effect* »f 
morphine m the hewse and the o.\ are somewhal irregu¬ 
lar. In these species it may be lhal the dosages used are 
higher than required to pti.*luee analgesia similar to 
chut observed in rhe cat Moreover, increased tunuw 
df dopamine or increased release of norepinephrine fol¬ 
lowing. morphine administration may ulso he involved 
in production of resLles^ness and CNS exe nation in 
these specie^ similar Lu that in the cal. If this is true, 
dopaminergic and Mtt dft flB gi c blocking agents such 
as die phenodiiazines or dnfperidol should effectively 
prevenl OCftstiM m it dues in cats .Since the pheno- 

thazinc-derivume iromqiti liters such as ehlorpromazine 
and mpmiKin induce aneiial hypotensive effects, 
their UK few this purpose li potentially dangerous. j 

CNS depression docs not necessarily need io occur J 
prior to or concomitantly with development of the state \ 

of analgesia, Morpluifce is capable of producing a hag.li f : 


degree uf analgesia vithouL accompanying CNS or res- 
pirvlOfy depression in ainuis such a> the hamster. Per¬ 
haps the huvutef has few e*t Ireks entirely Lhe |1 and 6 
opioid receptors, chut mediate ilk’ respiratory depressant 
effects of opiates. It h possible Lhal the hamster could 
hive a higher density of cr opioid receptor* thai medi¬ 
ate an increase in the respiratory rale. 

In edcUtUn to known analgesic effects ffrtkiwing 
inirsipeerebTaf 4idministralion of enkephalins or mew- 
Inline, long-1 usiing eteefrofraphk seizures occur m 
mosL animals. In Lhe rat, analgesia occurs uftor injec¬ 
tions of rnethioninc-enkephalin mho lw near the ventral, 
caudal midhrain periaqueductal gray matter Fpilepti- 
form seizures and other electroencephalograph ie disor^ 
den are seen with enkephalin injection* into or near the 
fnrchrainj dnrsomedfid nucleus of the LhaJamus. 
Seijures are accompaiUH] by myoclonic iwkches, 
eaialepsy, inuttular ogidtiy, and >et-dog slttkes H and 
are blocked by prior adnutvmtiofl of naltnune (Frank 
el al. 197$}. These cfFeels suggest ihm enkeplhLlin- 
induced analgesia and sei?urcs arc mediated by opioid 
receptors located in differem refhwts of the hniiti th-iit 
are phuimacohigically ditlerenL. Now that it is knwn 
that Lhe dr opioid receptor jnediates mania and ihai 
dyihjrphin induces a wide ftpeUilUl of motor e Heels via 
the \c rccepicws. Iliq^ receptors may be involved. 

Crib biting, often referred to as a vied in horses, 
probably i* better described as a stcrcoLypy iRodman et 

al. IVt>K7p «r art aberrant Lyjn; l»| niLitnr bt'liavjor, U ES 

interesting that Rodinsui und uwjMB Irnve found that 
narcotic antagonists inalononc,, naHmore P utlitrO will 
prevent crih hiting. Its prevention hy narcotic iiniiigic 
ni^ts is evidence that this form nf itcratypy involves 
activation of opioid receptors, possibly by release u-f 
endogenous opioids in the f!XS iDmli^ui et al, !^S?i. 

InLeresLingly, labufatory animats with only the spinal 
curd inCiKt will show strychninc-like tetany following 
adntiniN ration of motphiiie. 'Hits cord-stimulating 
activity, w wel us imeued central seizures, is the rea¬ 
son that morphine is strictly contraindicated in treal- 
nuenl of strychnine pnisuahing The CN-S und curd stim- 
ulanl effects of morphine strongly suggest ihai il 
should hv CCrfltmdklttd io WttdKtK and control of 
epilepsy m dogs and eais, TV Uthor Inis induced con¬ 
vulsive seizure* in the dog and rabbit wiih large dose* 

of nupta Ire (500 mg/kg k 

Ability OfllltS ewke gcncnih/ed convulsive 
seijures h well recugiized ud, for the ireet purt. lias 
been considered to be all Uiidevirablt side effect (Martin 
i9£4k Opioids, appear to-exert frolh eonviil.^m ^uid unfr- 
cemvulsant activily thf-ough seven! abides of action arid 
probably through a nuuber nf receptor mechanisms, 

1~he do pi shows a bnef preliminary peruid of central 
edtdtemenf marked by restlessress, pinning. ssUvflkrtL 
nuBflk vontidng. nrinackin. -irnd defeettim. 'the^e 
symptom* gradually disappear and are followed fry a 
stupor indicating depression nf lhe cerchral cortex. 
Inasmuch as morphine induces CNS depression and 
jcauitpanying analgesia in (he dog. clinicians have 
ustid it a Ironed entirely in this ipKWSr Of the opiaie 
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<krivaEht$, iwirphiiw i* prefomd by cl.iniej*ns prima¬ 
rily for preanesthetic medication in the dog over its use 
in Lrilkn animals because the drug fatililies handling 
for induction of general aneslhcsia. 

Informaiiom on edTccrivcncss of morphine in reliv¬ 
ing pain comes primarily from use of the drug in 
human patictfCi because of llvt: eux of noting Hk sub- 
jective response. Morphine will relieve pain without 
blocking motor activity or consciousness- The ptfn 
threshold is increased so lhal moderate pain disappears 
and sharp pain is dulled. Morphine is most UStfill in 
humans in relieving pain arising from the viscera and 
hum trauma Anxiety and alarm disappear Sleep may 

he produced during the period of morphi ne analgesia. 
In human patients, morphine is used almost exclusively 
for relief of pain. These observations give some indica¬ 
tion as to the probable effectiveness of morphine in 
relieving pain in animals. 


EMETIC CENTF®. Considerable species variation occurs 
wilh re sped to effccl of morphine upnn vuimting in ani¬ 
mals; e.g., swine and chickens do not respond to cenhul- 
aciinp emetics (morphine, apomcsphinc> buE do respond 
to krai emetic agents (copper Sulfate, time sulfate). It is 
interesting that upomorphiuc *li ululate* dopamine 
receptors (dopamine dgMthlh whereas flKnfphift? does 

not. Morphine blocks emetic action of tiporoorphine. 

Both dogs and cm will respond to central- and 

local-actjrnig emetic*. However, the cat requires consid¬ 
erably higher drives of morphine or apomorphine to 
induce vomiting than llic dug. Fen - example, morphine 
and upcMiwrphme dosage* 740^2800 lirrtC-s greater are 
required in the eat over life level that Stimulate* vomit¬ 
ing in the dug (Brand and Perry I966 j_ Horses and 
ruminants do not vomit follow mg administration of 
central- or focal-acting emetic*. TTie emetic center in 
the dog is readily stimulated hy smali io moderate 
dosages of morphine. Within 5-10 minutes alter sub¬ 
cutaneous (SC) injection uf morphine- BHttf tkigs will 
vomit profusely unless the stomach i* empty, in which 
ease only saliva and bile may he tost. The act of vom¬ 
iting is preceded by salivation and nausea and is usu¬ 
ally accompanied by defecation. 

A trace of morphine applied directly to the floor of 

the fourth ventricle will produce simulated vomiting in 
dugs from which the entire Gl tract has been removed, 

This effect would seem to exclude gastric irritation as a 
ctussifvg factor m has been previously believed. 


COUGH CENTER. The cough center appears to be mure 
susceptible to morphine than other meduLLary centers. 
Morphine is an excellent cough sedative, and were il 
in si fur it* addictive properties 10 dogs as well a* 
humans, the drug probably would be the most widely 
used and effective control available for dry, nonpnsduc- 
Eiive coughs. Generally, morphine is used only in those 
pattern;* for whom codeine previously was ineffective, 


TilERMQRECiULATION, A variation in effect upon body 
temperature is *eeii in dilTereit'l species following 


administration of morphine. Hypodterifiifi is. the dofiti- 
nanl body temperature respond to morphine in rabbit*, 
dogs, and monkey*, whereas hyperthermia usually 

occurs in cals, goats* cattle. and horses (Oka 1978), In 
guinea pigs, rats, and mice, tow dosages of morphine 
elicit a hypeft'hemiic effect, while higher dosages 
induce hypothermia. The hypothermic action of mor¬ 
phine wane* in rabbits follow mg repeated or chremic 
administration. In monkeys and rad* not only is the 
hyperthermic action l>1 morphine reduced following 
repealed administration but hyperthermia becomes the 



Morphine accelerate* release of 5-hydro* ytryptijV 
mine f serotonin) from the ggrotomfgic net irons in (he 
hypothalamus (Oka 1978?. Release of serotonin stimu¬ 
lates w'uriresensitive LnEerUtfWrftfis and/or inhibit* cool- 
sensitive iHlOMWDns in the hypothalamus. Aclivatkm 
of wftmt-«n*iijve neurons slimukles heat-dissipation 
responses, and inhibition of cool-sensitive neuron* 
depres.se* the heaL-producEion restores**, Siioiulaiiofi 
of Che heat-loss pathway Mt&Oi inhibition of the heal- 
production pathway resuli in a drop in body tempera- 
cure (Oku I9T8>. 

MtKTpfiiito-indiic^d hypothermia. is abolished follow¬ 
ing serotonin depletion with parachilorophenylatimine 
(ail inhibitor of tryptophan 5-bydmayla.se). Adminis¬ 
tration of 5-hydmxylrypLuphun, a precursor of sero¬ 
tonin., to animals prcireaEed with purachlorophciiylula- 
nine restore* ihe typical hypolhermic response to 
morphine, meperidine. and methadone, Hypothermia 
(ako catalepsy I induced by Opiate* is. antagonized by 
thycntrLjpin-relleasiiig hormone (TRH); TRH dues mit 
affoel the analgesic effects of Ihe opiate-type drags 
(2ailoga et aL 1984). Although TRH does nut bind Co 
opioid receptors. it ts referred to as a physiologic Dpi- 
ale iuiLagonis.1 (lieralon eL il. I98S). 

Jn the cal IV idjttlkH of morphine 1.1 —10 itlg/kg) 
induces a. dose-related hypenhemik re*ponre (Clark 
and Cumby 1978). Admiiii si ratine of metiamide (an 
H, -histamine- receptor blocking agent) or indomeifiaein 

(prostaglandin synthetase inhibitor) dtx* not antago¬ 
nize morphine-induced hyperthermia in the cat. This 
indicates- that histamine and pnMaglandiits are appar¬ 
ently not required tor the hypcrillcnriic effect induced 

by morphine (Clark and Cumby 19781 

The morphine anligomst (natoxnne) does not pre¬ 
vent febrile responses in cal* to leukocytic pyrogen 
(Clark and Harris 19781 Thi* implies that endogenous, 
opioid peptides (enkephalins) ului are antagonized hy 
naloxone are not likely to mediate febrile responses io 
pyrogens. The cerebral ventricular administration uf 
melhionine-enkepfwilin induces both hypetthennia and 
cmesi* in cats (Chirk 1977). Precrcacmcni with nalos.- 
oiie reduce* the hyperlhennic response and prevents 
the emetic response of methionine-enkephalin in the 
CtL 

Faming is noted initially in rjie etog after admini*tra- 

tion Lit morphine hut finally stops wilh a decline in 
body temperature. Sweating and hyperglycemic 
respond in the burse following administration of 
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morphine is believed lu be associated with increased 
circulating lewI erf epinephrine. 

Although apomorphine is 41 serhifyniheiii derivative 
of morphine, ic induct* hy perth e rm ia in rabbit* hut m\. 

lhe h\ pcrthcirniu seen fallowing administration of mor¬ 
phine. Apcunorphanc is well established as a dopamin¬ 
ergic against.. Dopamine is one of a number df cale- 
chnlailiiines found in Ihc brain stem Ihat have a 


theirnofegulatoiy rede iri ihc rabbit, Experimental evi¬ 
dence exists iukating that antral dopasdoeqlj 

mechaniuns are activated prior to a temperature 
response in animals. following idmininraAiaii of ef- 

amphetamine Of apumofphine: both these drugs induce 
hyperthermia, and the hyperthermic response cart be 
Mocked hy a dopaminergic receptor blocking agent 
such as pjmKkk or haloperidol. 

In some species (mice, rats), apamorphijic elicits 
hypothermia, Dopuruii^recepCor blocking agents such 
\ib pilrtMkJe and ha I open do I sire able to com pel lively 
antagonize hypothermia induced by apomorphine 

I DiCtliafa and Cessa 1978 ), 


EYE- Mofphtflg pndlice SI vahllbk effect upon the 
-sktt off the pupil in animals. Morphine causes mydria¬ 
sis i n the monkey, cat, 
mkHus in dogs, fats,, rabbits, and humans. The dug is 
less sensitive lo the miotic action off morphine than 
humans (Martin 1984).Over2 nngfleg morphine admin¬ 
istered parenDerally is required 10 induce maximum 
miosis in the dog. 

The iris off die bird is noL affected because it cunuiins 
AOfUVSpOflSive ^skeletal muscles. All hough morphine 
activates pantsympalhctie input (Le., increase* ihc 

spontaneous firing race of light-sensitive neurons 
two rated from ihc anterior oculomotor nucleus) 10 the 

iris, the mimic effect is antagonized hy increased cate- 
chobuminc release from Ihc adrenal glands.; this results 
in mydriasis l Wallenstein and Wang 1979). Adrenalec¬ 
tomy Of administration of phenoxyhen/umine antago¬ 
nizes the mydriasis induced by release of cate- 
ctitshMiiincs in thecal, and miosis isobserved- 

Since the 0 receptor mediates pupillary dilation, ihc 
variation in response induced hy morphine upon the 
eye in different species may be related to the density or 
nuRifef of o receptors within the oculomotor nucleus.. 


sheep, md horse and causes 


RnsPlK.'VFDHY .SYSTEM- The respiratory center of ihc 
dog is initially simulated; panting is seen and is attrib¬ 
utable 1o the initial rise in body temperature. As body 
temperature declines and CNS depression increases, 
respiratory activity is depressed hy morphine, resulting 
in decreased minute volume of respired! air. The thresh¬ 
old of response to carbon dioxide stimulation is 
increased and the alveolar enneetltraiion of carbon 

dioxide is higher. RmptnEkom become slower nd 

shallower. In deep sedation, Cheync-Stokes type respi¬ 
ration may nccur. 

The agonistic effects off morphine upon JJ, and d inpi¬ 
n-id receptors can result respectively in either depres¬ 
sion or stimulation of respiratory activity. Depressant 


or siimulaLory activity upon respiration is dependent 
upon the dose of morphine administered and cun aim 
vary within the various animal specks. 

In nnnnuL hcalLhy dogs, small doses of morphine 

may not decrease respiratory minute volume and oxy¬ 
gen consumption by owe than about 10%. Following 

large doses. of morphine Lhai lead to convulsive 
seizures, respiration rase is markedly increased. Even¬ 
tually, depression and paralysis of the respiratory cen¬ 
ter develop! ostensibly from overstimulation. More¬ 
over, moderate Id large doses arc known Lo produce 
hmnchiolar constriction in Lhe Jog. Significant hron- 
choconstrklion occurs following an IV dose of I 
itlg/fcg, and ;i mure marked effect is produced following 
4i dose of 2.5 mgfltg; a decrease in lung capacity at Lhe 
hitter dose averaged 24% jS-hemanu and Wcnddi 1965). 


CARDIQV.ASCULAR SYSTEM . Although opiate pep! id** 
were initially associated with regulation of pain, they 
appear fto have importance in regulation of the cardio¬ 
vascular system. They are particularly important in its 
central neural control (Holaday |9S.1) r 

In the conscious dog. morphine |2 mg/kg) adminis¬ 
tered inLravenLHJvIy induces a substantial degree of 
COfOfiaiy ViiMktinMnclkin. reduction in coronary blood 
flow, ilftd increase iri cufunlirv vascular resistance (Vai¬ 
ner et al. 1975). Interestingly. coronary vasocofwtfie- 
ticui is not seen alter ci-adrenergic Nockade; morphine 
apparently has an indirect tx-adrenergic stimulating 
action. since it stimulates release of catecholamines. 

In the ancsBhclized dog, morphine (0.5 mg/kg} 
administered iei I rave nuurfy induces a transient drop in 
arierial pressure arid a curtcomitant increase in heart 

rate (DeSilva ci ul. l97Ba). Arterial pressure soon 
returns to-base Line Of oontreff Levels fol lowing adinin- 
isiraiion of mofpbifle. As aneriaJ pressure returns to 
normal to slightly elevated levels, heart rate decreases 
appreciably from iwrewd pressoreceptor activity as 
well as from a vagotonic effect of morphine. Due In its 
vagotonic and sccblsve actions, morphine exerts, signif¬ 
icant protective effecl on intreosed ventricular vulner¬ 
ability to fibrillation tDeSilva ci al. 1978b). 

Effects of morpfiine in hurnana. are in marked cum 

Lrast to dogs. Coronary blqodl flow is increased and a 
slight coronary vnadililiDa occurs in humans (Leamati 

et al. 1978). Although morphine lias been used sails- 
faelorily fur years in ireaimem of Ivuman pailemts widi 
cardiac disease (e.g r , acute pulmonary edema from Left 
heart failure, pain relief folhiwing acute myocardial 
infarction), iis use in lhe dog for treat meal: off ear- 
dinpulmnffkiUT.' eomplicatinn^ (c.g.. "'eardiae dyspnea") 
may not, as onginally thought, have thcrapculic merit. 
Use of morphine in such eases may he iinprudenl. 

URJNaRY TRACT- The initial effects of morphine along 

with nlirvatun. nausea, %'omdtlng, arut defeoukm nmy 
also include urination. As ihc effect ppm mor¬ 
phine can decrease urine secretion in lhe dog to ii¥& or 
less of normal by libeniti ng an excess. of die untidLurctic 
hormone from the pituitary gland, This hormone, in 
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excess, stimulates intensive r^ib^iip^iciflCNr the ghnmenu- 
Lar filtrate by (he ©ells of (he renal luhuk*, To prixhiee 
such % response, chc dose of morphine must approach 2.4 
mg/kg, intravenously or 5 mg/kg suIxutiUKnusly. 

Ibere as- evidence that dyuurphisn fr an opioid peptide, 
may he relesi^ed coiwurmtarilly from (he piUtvtary with 
(he anlidi arctic hormone | i.c., vasopressin}. With I he 
presence of opioid receptors in the kidney, it is also 
logical to expect a direct action of inhibition of 
prostaglandin activity. 

Morphine increases muscular tone of the bladder, 
which, among other effeds, results in spasm of I he 
sphincter, which may make udmiioi difficult. Cmi- 
versdy, animals seem Eu be less affected and have less- 
difficulty in this respset than humans, 


Ot TRACT Emptying the GJ imX is the dog’s firM 
resptnise to morphine, PoUowing the initial emptying, 

morphine omws wnstipfltion of the dog and other ani¬ 
mal*, TT^C Cd tract appears to eoniain both [U and opi¬ 
oid receptors. Activation or stimulation of either recep¬ 
tor results in inhibition of Gt Lract motility. Tliis action 
is the basis for using opiate-type aiitidiLiTrbeal agents 

for control of di 


Since it has hcen postulated that all peptide hor- 
mi.nR A -producing cells are derived emhrynh.igic^illy 
from the neural ectoderm it should not be too surpris¬ 
ing lo learn of the presence of brain peptides in die Gf 

Lract iGuillemiu 1978 ); e.g... opioid receptors are pres¬ 
ent in the myenteric plexus of the GJ iraci. Enkephalins 
and substance P have also heen identified in association 


with opioid receptors in (he GI tract. S-LimulaLion of 
opioid receptors in guinea pig ileum leads lo eonstapa- 
LLon (Kndl 1977). 

Morphine has a persistent spasmogenic effect Upon 
intestinal smwth muscle by a direct action, partly hy a 
cholinergic and partly by a hisEammcrgic mechanism 
tTurker and KaymakcaJan 1971). ALnopine partially 
inhibits die spasmogenic effect of morphine. Mcpyra- 
mine paniaUGy Mocks or antagonizes spasmogenic 
activity of morphine; apparently this is related to its 

hi$tamime-releasing action. Relesuie of serotonin occurs 

in the isolated intotine-nf the dog when it is perfused 
with morphine. 

By virtue of the persistent spasmogenic action, the 
primary effect of morphine is lo increase tonus of 


smooth muscles of the entire til lract. I he sphincters 
exhibit a spastic (emus. The propulsive motility of (he 
lnu .1 is- nuirL&dly depressed, apparently as a result of 
excessive tonus dial interferes with normal penstul Lie 
waves. The Ion us may become great enough lo close or 
cutisLrict the intestinal lumen in the conscious dog, 
Thu* passage of food through (he tact is delayed. The 
delay resulis in increased absorption of waler from ihc 
ineesta. which eosiLnhiilcs to constipation. Tonus oi (he 
anal sphincter is increased by morphine, In addiliun, 

morphine depresses mental perception of ordinary *ea- 


sory stimuli for die defeeaiiou relflox B 

I be effect of morphine upon enzyme secretions of 
the digestive tract of Lhe dug is variable but slight. Bil¬ 


iary secretion appears to he reduced to one-lhird of iwr- 
malr Morphine causes an initial delay in gastric secre¬ 
tion of HO. which is later compensated by excessi ve 
secretion. 

ENDOCRINE SYSTF.M, Exogenous and endogenous 
opiates induce an array of effects upon pituitary hor¬ 
mone release m both animals and humans i Murky 
L98l>. In the rat. opiates stimulate release of growth 
hormone. ACTH, and prolactin: I hey also inhibit 
release of glycupmleiii huiTnGftes. In humans, end<ige 
nous opiates appear to be important in the pfiysiologie 

regulation- of ACTH and (oudotrapiii retee. Para¬ 
doxically, the inhibitory release of ACTH in Cushing's 

diiven>A! suggesls j ptriL'iilial use of specific and loifcg- 

«l<- I 11 :' •iipidlL- . 11 ' I - 1 : 1 1111 !'-;■■ IT. ! IV.U 111 Cl 11 '-I 1.111 - COIldlCKMl 

{Morky I9KI). 

Opiates exert an important inodulaBing action upon 
(he hypothalamus; additional modulating effects may 
iiceur at the pituitary and upon target organs. Opiate- 
induced endocrine actions appear to be mediated 

through dopinniiK'fgic and/or ^TOtoninetgic mecha¬ 
nism* {Morley 1981),, 

[MMITNE SYSTEM. An interaction between the 

immune system mA centra] neuroendocrine media- 
nltim h m been suspected for a long time l Joseph ct al, 
IS 95). The nonspecific influence of the pituitKy-adre¬ 
nal axis upon the immune system hy altering or 
increasing resistance to inFecLious diseases has been 
recognized from the lime of the Hans Selye era of 
stress research. 

Recent discoveries have resulted in ntfintification of 
corlicolrupin-releasing factor <GRF) B as well as the 
simulLauecius secretion of ACTH and |f endurphiii, 
fitnti die pituitary during stastAd condicbns (Plot- 
mkoff and Murgo 1985), This ha* kd to idcnciricurion 

of inleracduns amung (he stress hormones (CRF and 

crikcplialias^iidniThiii*) as well as ihymus hormones 

and even intcrfcrfriri*, ACTH, and endorphins si the 
penpher^Ll level ni Lhe lymphocyte. Viral infeetkm of 
ly mphoeykA induces the cells co synthesize !r ACTH 
and Ir endorphiits i Blalock and SmiLh 1985). 

In summary; it appear* that the immune and neu¬ 
roendocrine systems have the capability of signaling 
each mher through common dr related peptide hor¬ 
mones and receptLirs. Enkephalins and endorphins tin 
be considered immunomoduiatons and modifiers of the 
physiologic response andi may have impertani applica¬ 
tion m inununudierupy (Wybran 1985). 

Absorption, Fate, a>'d Exc Rtn ioN. Morphine lh a 
weak aeld; it ha* a pK of «,(), w hich means it i* ptwrly 

ionized al physiological pH, In humans it is 20-40'^ 
prole iil bound, the elimination half-lde is 2—1 hours, 
the steady-stale volurne of distribution (Vd) is 3—5 

Ukg. and the denioe rate m 15-30 mUmln/kg (Bai¬ 
ley aiad Stanley 1994}. 

Mjarphflne is absorbed from the small intt^iine iind 
some may be abMirbed From the stomach. The absorpUcm 



rla hied 
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from the Gl liuct is- somewhaL variable. with a laigc smln- 
yidual variability (Dnhiw and Tasker 1997). [t is 
abscwbesli promptly Jbllowing SC injection. Morphine is 
not absorbed through intact fkin, bioL a scarified spittle - 
hum permits *lw entrance Co Lite emulation. 

blotruufoilMkH) of morphine Lo morph ine-3-glu- 

cnroftide i* the primary metabolic palfawiy fen inac- 

ti vat ion and eventual eliminalion of the drug 
tranche?. and Tcphly 1^74). The principal catalyst in 

fornuriJofl of morphine glucurunidc it a hepatic 
microsomal uridine diphosphaie (tJDPl-glucumnyl 
transferase, which transfer* a glucuronic jic id moiety 
from UDF-glut: uranic acid lUDPG.Aj to morphine. 
Ocher metabolites are Formed uh well. some of which 
are pknsftHlogktl]) Ktive. The dmhI pccvtlent of 
Ibw is wcpUK-ti^ucuiHlto {Chiis-irup 1997}, 
Wilh the emptiM of the at approximately 50^ of 

morphine adminis-ltrcd to nnisi mammals appears in 
i he urine as the glurumnidc form. Bn the cat, a defi¬ 
ciency in UbPGA and its associated glucuronyl 
Iransferase enzyme doc* not favor glucurnnidation of 
morphine. Increased toxicity of aspirin and salicylate 
drugs is linked Lo failure of die cal lo conjugate [he 
compounds with glucuronic acid. The biologic half- 
lale of morphine would be expected Lo be longer in 
the cal because of its inability to form glucurunidc*. 
Surprisingly, ihe hiolihgie half-life in plasma is only 

3JJ3 hours in the cat following S-C injection of mor¬ 
phine (| mg/ksHDwvif and Donnelly J94B)- The bio¬ 
logic half-life of morphine in other species is proba¬ 
bly shorter than in the cati Chew: vnluc^ were not 

hxMleJ in- the liicrature. 

In humuL DuepUu vu studied after a single IV 
dose t 10 mg/70 kg}; a rapid initial decline or morphine 
in die Mood -occurred dunng the first ft hours Lifter 
administratum (SpHtOt and Vcsell 197IT After nipid 
initial decline of die drug* levels of morphine could be 
detected in blood for several bom; this may be attrib¬ 
utable to nteftoepilk: necirculacinn. pmbstmc* «f 
meiabolii.es, or a combination of these and other fac¬ 
tors. During the first ft flours, the half-life of morphine 
ranged from 1.9 Lo 3J hours., hollowing this, disap¬ 
pearance of the drug was slow, with a half-life of 10-44 
hours (Specter and Vesd I 1971 Jl 

In horses, morphine can he found in serum samples 
for at Least 24 hours after an IV injection of if] mg/kg; 
IB is pmenL in urine- for up to 144 hours tt'ombie el al. 

1MIT 

Toxxstt. Newborn inlnuli ane known in be more 

sensitive to morphine chan a did is i Auguy-Vulcttc et al. 
197&T Morphine-induced tonicity decreases with 
maturity of the uni m\i\. This is associated with decrease 
in the capability of morphine to enter the hrain com- 
meniuralr with development of the blood-brain barrier. 

Hie toxic dose of morphine for the dog appe-ans lo be 
variable. Subcutaneously or intravenously* The fatal 
dose it 110-220 mg/kp. Convuls-ive seizures quite sim¬ 
ilar to strychnine occur in most species following 
administration of higher doses of morphine. Thehaiiw 


(dimcthylmorphinek, a component of opium, m also 
well known for its strychnine-like seizures. 

In the small mdem (mouse}, kuIc tuxicitv and death 
From morphine are produced by [V udminislration of 

221-311 mg/kg; an SC dust between 42(1 and 526 

mg/kg produces death. Young swine apparently are 
quite HKqtfibte fto the Muiiulam actum of morphine. 
Addiction is rarely encountered in animals because 

Mcrwtie drugs are dg 4 wdiiunl^ administered for pro¬ 
longed periods. There is u clinicul report of uddiccion 
from prolonged ift-tf mouths,) use of paregoric (eam- 

phonutd tincture of opium! in the dog hy m otctbhI- 
ous owner i(Scgull 1944). 

Wid) discovery of [1-endorphin and opioid recep¬ 
tors, the most ocitJog outgrowth frum this march 
could be the prospect Lhat endorphin deficiency 
mighL play yume ru-le in uarc^Lie addiction. A 
hypothesis has been advanced by fjoldsteiP (1976J 
lhai classical hormonal feedback mechanisms might 
act to i nh i hit or suppress endogenous opioid synlbc- 
sts fi.e.j p endorphin? when recepiors are occupied! 
by an fltdgmwt opiate Like morphine. ’Sudden with¬ 
drawal of the exogenous substance can expose Ihe 
deficiency in endogenuus synthesis tcompare Ihe 
adrenal cubit if corticosteroid udministration is 
abruptly stopped); Lhus induced endorphin defi- 

dcocy might play a rule in the immediate w pro 

(ncted tbidion ryodrooK («kbctkn). Et would be 

most interesting if this postulated disease entity 
proved lo be an endorphin dcfieicncy. 

PfteCAUTVONS AND CftNTffAl ND(CATKW5. MocphlK 
>hwtld be used with care in acutely ureihic aird Loxeniic 
dogs. By stimulating secretiun oI Uk untidiureLic hor¬ 
mone. tiKirphiiw increases reubsurpbun of Ihe renal ill- 
tntt A Lujge diuse u-f may deCKAtt urine 

flow in the dog by WT- 

Moqihinc camnn lx used to control convubfve dis- 

nrdet s siieh us sirychiune ]hnsx3ning L tetaruis^ grid 
epilepsy. It should nol be administered lo dogs suffer¬ 
ing from traumatic shcck because of its immediate 
hypotensive effect upon arterial pressure. Itiis is 
important if provisions are not available to expand the 
IiUhkI ssiIuivk and resLiurt! systemic arterial prysMiry- 
Opiate* musi not he used in animals with head 
injury. This use results in an increase in intracranial 
pressure due Lo a decreased sensitiviiy lo arterial car¬ 
bon dioxide partial pressures (Heidrich IMS), 

In large animals, opiates should to ued cautouliy. 
Overdfw^s can result in (irnlongcd pcriLxIs nf restless■ 
ne*h and excitement. 

Clinical Uses, Moipfajme has been used, for a wide 

variety of clinical conditions since the beginning of 
recorded hisloty. Several of these uses are still valid. 
When an opiate is used to relieve pain or control diur- 
itiea or OUghv. only symptomatic thenpy is adiuinis- 
tcied. The underlying etiology and pathology arc Mill 
presenL. Rnluauit, unwise use of opiates, may 

uhxL'uiv isycilptuilljLu: progress of di:-sdL e asC. 
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iXKSi,, Morphine is I mp4 >81 Mil m cnine surgery eft 
relieve pain. facilitate handling Lhe palienL lor lucid or 
general anesthesia. and decrease she amount of CNS 
depressant* necessary lo produce surgical anesthesia. 
The peak e Efts: l of morphine Is usually reached 
between 30 and 45 minuios fullowim SC injection. 
Duration of tho aufenc effeei has \m been accurately 

determined hul appears to last 1—2 hours. The SC dose* 
of morphine recommended Tew prcarveslheiic medica¬ 
tion vary from O.l to 2 nig/kg. For inducement of anal¬ 
gesia in ihe dog. an IV IM. or SC dtvie of ft 25-0.J 
mg/kg is generally KCDHnKHhd. 

■Onset of action after an IM or SC infection is within 
a few minutes. Atropine (0.O45 mg/kg) ih routinely 
udmini^lervd by ihe SC or IM route at die Name time as 
morphine to prevent salivation and bronchial secre¬ 
tions. Very young, aged, and tkhilitated dogs are more 
susceptible to morphine Shan normal, middle-aged, vig¬ 
orous UH. A dog depresM?d by morphine should he 

hudled gently and quktiy became rim-gbrie^ and 
noise may awaken al and provoke delirium The mdk 
uttoof morpUK may can great iDHHmnkfKf If 

it \s not anticipated. Conversely, ii is a definite advan¬ 
tage Lo have the stomach emptied in She event fasting 
was insufficient prior BO anesthesia and surgery. 

PremedicaLion with sufficient morphine will 
decrease the local amount of general anesthetic 
required for surgical UHthok to flK-htlf or peHiiips 
even el> one-third. This supports the eoneepr of bal¬ 
anced anesthesia and increases the safety ol anesthetic 

prtscedures 

Oral admanislralinn could potentially he of value for 
the control of pain in dogs: InwcvH; the absorption, 
and therefore the efficacy, are variable. IT ic use of oral 
sustained-release products does not prolong the duru- 
lion L>r tdhn in dogs (Dohoo und Tasker 1997). 

Morphine is of value pMloperitivdy faroveawomlng 
the recurring delirium observed in dop recovering 
from anesthesia with penmharhital. Without a depres¬ 
sant such m morphine, a dog. may, by its struggles, 
induce hemorrhage* injury, or fracture or open u surgi¬ 
cal tactakn. 

Traditionally, morphine has been used cautiously in 
cesarean section oi the dog because of Fetal respiratory 
depression . Ii now appears that fetal respiratory move¬ 
ments are not abolished by doses of morphine that 
depress maternal respimLion and produce maternal 

However, iltey may be depressed by lut^e 
doses of morphine. A large dose also interferes with 

uterine LLMiLrdkrLiuO ;sild puTLUrition.. 

By virtue of its morphine content as well as all the 
components in opium. Avq 0 fir d ilSF, is used fur its 
itrttidiurrileul effiecL The ond dbtt recommended for 

ihe dog is 0.05-0.06 mL/kg Administered every S nr 12 
hours iChiapelb 1980). 

CATS. An effective SC analgesic dose of morphine in 
ihc eat is 0.1 ragfkg (Davis and DimneDy 1W8J. Other 
investigators have al» ftnind that SC administration of 
morphine (DJ mg/kg ) produces effective analgesia in 


ilk: lul (Watts ci at. 1973). PreanesLhelk medication of 
cats with murphine (0J mg/kg.) is probably valueless in 
ketamine anesthesia; morphine administered intramus¬ 
cularly at Ihis dose may induce respiratory depression 

(Hatch 1TO). 

Flit pusEopenuiw use. Hcivm if 1970? recommends- 
morphine in the cat up to 0.1 nig/kg IfltllVEimuly for 
manmflnnrl of pain. He noted thiit recovery hum 
aiwsthoia iv tnoathH', and upon awdcenht the oi- 

mais Lie quietly. 

GUDftA nos, Min., ,\Nh RAIS, Morphine limy be used 
subcutaneously or inirpjnusculafly us a pnAHfthelic 
agent in the guinea pig und rat (Sbnbd and WoU man 

|9frt) prior lo parenteral ■.* inhaluii aantherics; the kc- 
i ommendfid dose in chest species ii 2-5 mg/kg. Anoitl- 

\ ing to S-trobct and Wollman (1969). the usual analgesic 
I and sedative doses oi' morphine exert un effect within 1$ 
minutes of SC administration and Las! several hours. In 
ihe ml, mi»use_ and guinea pig. Wright At al. (148$) nx- 
ununend a SC dose of 10 mg/kg morphine. 

rah ruts. Morphine h^s a profound defweuaal effect 

in the rahhii. The IM use of morphine (K rng/kg) is 
advocated Ml minutes- pnnr lo EV thiamylal (20 mg/kgJ 
anesthesia. Alrnpine (0.2 mg/kg) is also administered 
intramuscularly at Che yme lime as the murphine injec¬ 
tion. A SC E»r IM dow uf S mg/kg nunphine is also ftt- 
ontBodedby Wright ci al. (1983k 

SWINE. Morphine has more CNS stimulant than 
Lkipr^ssant effect* in ihg pi^. Hc?wevef, ii is need suc¬ 
cessfully for anatpesk clfecl in ihe pig prior to chlrt- 
raloH and harbilurate anesthesia (Ikioth 1969 k the res; ■ 
ommended EM dose is (0-0.9 mg/kg. The mcclmnism 
of the excitatory effect produced hy morph inc in the 
pig is probably ■simibir K> Chat dHCrilnd to Ihe CAL 

SUBHUMAN PRIMATES. Comparatively luige doses 
(1-3 mg/kg) of nuwphiik]r are nixcs.^ry for clknuical 
restraint und sedation of the chimpanzee t Clifford 
1971 % I tie dosage for ihe dug is nx om men tied for utle- 
t|Uaru so datt o A and safe nkamgeciMOt Luf che subhuman 
prinwte iSoma 1971). Wright et al. (19851 recommend 
1-2 mgj'kg iikirphinc by ihe SC rinnc in nhuikeys. 

IIOR.MLS-. Morphine and other opiates have been used 
in Uk hesrse for virioua ai-tmencs. bui pAticubriy lo 

relieve nuute |uin i if s^hisiimmJil' eutiu. Morphine (0.22 

mg/tg) is adaninislered iTHramuvculiiily or slowly by 
ihe EV route (While 1981>. For projuwslhctic use. mor¬ 
phine is fliven in an IV dL>se of 0.12 mg>'kg I Muir et al. 
L978), Although some patients arc relieved, many 
burses show undesirable and dangerous central stimu¬ 
lation and cxcaiemenE. Loss of coordination ocean in 
the hoiNe between Jff und II d0 mimlec after IV admin¬ 
istration of 1,4 mpAcg fik'irphinc and lasts u.p to 7 3Hours 
fCombu" el al. 3979). Horses walk, stagger, hnmp 
into walls and ap^ar to be unaware of their surround¬ 
ings ihey Ikiive die capabilily of making appropriate 
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pK^lunil corrections in spito ®f cmdkMkA dillkul- 
ftos, Sue eUaiciiu contend iluu overstating is liw rea¬ 
son morphine has fallen Imo disrepute in ftntneflt *.>f 

spasmodic colic in ihc horvc. 

Morphine (0.1 mgAg) cun be detected in blood up Do 

4$ hours and in uriiw for 144 hours yfitr IV adminis¬ 
tration in line horse (C’onnhie et al. L9H3|. A serum half- 
life (or (his dose in nearly KM minutes,. 

Phiuieuf et al. 11472) reported IV use of morphine 
chkirhydrate (1 mg/kgi in (wn ponies with classic 
forms of colic. The analgesic eflcct produced hy the 
drug resulted in a hyperactive hot uniform contraction 
of ihc jejunum. The jejunal tp t *mi disappeared, motil¬ 
ity of the cokn became prominent, and eKc iweh 
remained quk'bcenl. 

Morph im 1 ha* been used satisfactorily wid) xyliizine 
for sedation ml analgesia in ihc horse i Klavano 1975k 
Specific informal ion on dotage and use i* discussed 
umier the section on xyltdne in Chap. 14. 

RUMINANTS, Morphine and otter rel-aied derWOtvy 
have thU been used in rumimuiLs for clinical purposes. 
Experimentally, it is known that opioids inhibit cyclic 
foftstomach motility in various rumimint species. Nor¬ 
mal vyclk iiMUiHly of ihe reticuliwumen of sheep is \ 
inhihiled hy opioids that appear to aci ihrmigh central i 
and peripheral mechanisms (Maas and Lock 1985), [ 
Ccnlral action leads lo a reduced frequency and ampli- [ 
lude of the cyclic eonlraeiions. Both Ihe central and 1 
peripheral inhibitory actions of the opioids upon the 
rumen can be antagonized hy itektaHne: 

Codeine Mi-usphnU-. Cutirinr PHospflOt^ (.ISP 
< methyl morphine)» occur* in opium to the extent ol 
around 0,5%. Most of it is produced seinisynchelkally 
from morphine The phosphite salt to sore wkkrly need 
ihiin codeine sulfate derpite respective solubilities in 
water of 2 3 and 311 pairs.. 

Codei i be is alklahuli/ud rapidly by die tfaffilK* of 

humans, dug>, and mu. Metabolic alteration lolloped 
by rapid urinary flKlttkd begins a fc^‘ minutes after 
1M Injection m \4 after a slight delay following i.rfal 
admiupstralnm. About one-half an ordinary dm 1* 
ali QUIUtet) within 6 hours and all within 24 hours. In 
ilh dug., abssut nf die don is excreted in a conju- 
galed (gliK'uroriide) form in (he urine. Limited conver¬ 
sion of codeine (o morphine docs hhiI occur in (he dog 
as in humans. Excretion products in hunums include 
norcodeine, conjugated codeine. morphine. -iubd tnttt 
of codeine in die beet IntH Hti aily, coddne h one- 
tenth a* potent u norphifH when administered io 
iniaec animals and only onc-hundreddi a.\ potent m (he 
isolated guinea pig ileum (FctI and Snyder 1973). 

■Code me is widely used let depmi the uLMigh uenier. 
Ibe dose of codeine should be increased proportion- 
ately OW that of morphine to pftuhbcc (he desired 
depressiim of the cough relies, with less undesirable 
xiik action. Unfortunately, codeine possesses some of 
the corufi paring action of morphine: therefore. luge 
doses or prolonged admimslralton may result in emurti- 


pa(ion. Since the analgesic action of codeine m less 
lhan morphine, codeine is not -commonly used in ani¬ 
mals for antnl of severe pun. Addiciion n codeine is 

uoanmu. 

Codeine is used in tin expectorant and cough syrup 
mix lure al I. I -2.2 ing/kg to allay irritating coughs in 
dogs; ihix level is adnutHtered orally 3 4 times ibiily. 
For additional information on ihe eough-^iippressiint or 
anlitussivc action of codeiiK and related derivilivn, 
see Chap. 54. 

Analgesic dosages of codeine for l^hir^Jlory animals 
are: rat, SC dose, b.25-25 mp/ltg; mouse, SC dose, 
25 J mg/kg: and rabbit, oral or IV dew. 10 nig. ,r kg 
(Wright <■ nl P 1983). CiKkiiw can also be Uttri 4 is an 
orally administered analgesic in Ihe dnf.. The du^ is 
OlS-lO mgAg every 6-8 hours, 

Hjdromorpbone Hydrochloride. Hydromorpfmtt 
HpdnkMtitU*; USP (DUudidk is about five times 
more potent as an analgesic than iihiephiiw- In die ilog 

it produce* less unset* emess, and OI duturtaace 

than morphiue. ll is soluble in 3 pans of water. The SC 
dose 1'or ihe dng is 1.1-2-2 mg/kg. 


CKynwrphofic IlyGlnjehlorkk, Qxymarpkone Hytlrr*- 
cbl&rids, USPtNiaiwfpiunX is approxkiutdy 2.5 limes 
as potcni us hydrnmorphiine and ahi'?ur 10 rimes imire 
potent than morphine on an mg/mg bfuis, See Table 
13J for its chemical relationships with morphine tmd 
other morphine substitutes. 

I'his narcotic anjE^esiL" Ls potent when used ikwe cw 
m Dflubilltioa with neurfilcptic agents or barbiturates 

in the dog 4 uh 3 cm To avoid pfecipitiikifi, oxyiwr- 

phone must not be mixed wiih a bubidnte In iIh- hik 


syringe. Ndoune h iin efTstWe anlagonisl of oxy- 

morptaoK. Oayrnorpbooc is approved hy the FT)A h* 
ose in the dog jind cm. 

In the cal, a cunbination cT oxymotphone (0465 
mg/kgt smd trifluinmuzIiK (IJ mgflcgi has pnmd 

iMuhctny (Reid 4ind Frank 1972). This neundep* 
Lanulgesic mi Mure is followed wiLh IV kdimbfi 

(L 1-2.2 mgi|). According to Re«d arid Frank ( 1972k 
the combnarioo i>f oxymoiplmie and (riftaprarwriH 

can he adminisicrcd by the SC, [M, «r IV r lmlw . Tlsgy 


recommend that ketamine not be admini stored until 
nfLer oKymorphonc and trillupromu/.ine have taken 
cflecl because sHmulUuH.'ous adiniibstniVion of all Ihree 
drugs induces prokniged apnea resembling the 'locked 

chat " tyndmK d#i^tihtd iii hunuMr 

When u>ed at one, preanexthetic cffcclivencss of 
oxymorphonc is limiled in the dog and cat because iLs 
CNS depressanl tfftt(sure slighl (FalminCeri 1963), U 
pnHbcei ;l mild alaxja and hyjieresihe^iii in ilie gat 
when used by il^clf. In combining Ihe narcotic aiuil- 
gesic with j Inmquihzer. such as actprouuzilK or val- 
ium, lw with an CL agomsl. such as xyla/inc. a greater 
degree of KumKfttta or (raftqudiTilton 1* achieved 
Oxymorphone (1.5 fltgAnL) li used in cooiMnatim 

wish hifluprantzine (Zllm^mii.j hy misinp eqiul vol¬ 


umes of both drugs in the vumc syringe for IV, JM g tn 
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TABLE 13.2-—Parenteral dose* al" a mixture of 
equal volumes of nxy morpheme Hi ni|>VmL I and 
trifluproma^inc (2(1 m^mll rvquircd Co produce 
analgesia in small animals 


Animal 

Body wrilW 

Vnlmne of 

nurL-uLiL-lrdiiquilijer 

misluru 


ttgl 

imf) 

Dog* 

09-2,3 

(.0 


2.J-6.B 

1 .<KL0 


fiJUUjfr 

2.U-4M 


13.6-27.2 

4.0-6.9 


27.2+ 


Cars 

Small 

05-1.0 


lawge 

1.0-2 0 


Source; PnlminiGvi I9fi3. 


SC administration, For the dosage schedule recom¬ 
mended in the dog, and cat. sec Table 13.2* 

in tiicdog, prcmcdiculinn withusymurphoiic reduces, 
the amount of Ihiamykl required to pn.sJiKre surgical 
anesthesia by one-third Id Lwo-thirds. Gliyinurphune 
induces minimal carclio respiratory changes in the dog. 
Il produces mild respiratory depression with ah ilKfHK 

in POO, and deeffitM in tidal volume, Qxym^rphone 
ijkdniinisvuiiciii results in ail increase in iuteriid blomi 
pressure arid stroke volume. Heart sm decreases along 
wrtta slight decmsH in cardiac output (Copeland et al 

1987; Haskins ei ul ( 1 9911}. Use of the aaaJgcsiL agent 
prior to Ihiamylal requires IM or SC doses of osymor- 

phone varying boffi 01165 So 0,44 mg/kg. The lower 
doses sure administered to the large breeds For all dogi, 
she average dose is 0.198 mg/kg Ttuiniytai (2-5%} is 
ULbitiibisicrcd intravenously to effect 45-90 minutes 
After administration of oxymorphufie. 

Os.ymucphc>Tie dloses approved by the FDA for IV, 
IM, or SC admni^ckm in the dog and cal arc given 
in 7a We 15.3. 

For ptwiopcraiive pain, oxymorphonc is- recom¬ 
mended in an IV dose of0.1 mg/kg every 4—6 hours fur 
the cat and dog (Heidrieh 1985}. In the horse, it is rec¬ 
ommended for postoperati ve pain in either an IV ur IM 

dose of Q.2-0.3 Jlg/kg. 

Although more work is needed to evaluaie the safely 
and efficacy of oxynaorphone. it has been used in 
equine colie intramuscularly ur intravenously (10-15 
nffAralure horse) (Hacketl 1976), Qxymcwphone (22 
pg/kg) administered inlramuseularly or slowly by the 
I V mute has brtn npccwwtteodbd for alleviation of pain 
associated with equine colic (White 1981). For pre- 
anesLhelJc use, oaymorphonic is recommended in an IV 

dose of 30 pgfltg (Muir al. 1978). 

Meperidine Hydirochltnidr. Meperidine Hydrochlo¬ 
ride* LISP t Demerol Pethidine, Dohmtm.l (Fig. f 3.3). 
wav synthesized in Germany during a kwh for an 
atropine-like drug having smoulh musele spasmolytic 
activity (Ekkh and Schaumnnn 1939). Meperidine 
not only spasmolytic huL also analgesic and sedative. 


TABLE 9 3.3—(tetymorphone dove* approved 
by the FDA far Ihe dog and cut 

Animal Body weight Bore 



m 


Dujp 

0.9-2.7 

0.75 


2.7-fcS 

0.75-1 S 


6.8-B.h 

1.5-2.5 


13.6-27.2 

2 3_4j0 


Oer 27.2 

4.0 

Cab 

Small 

0.4-0.75 


Laise 

0.75-15 



CH a 

Mrpcridmr Hydrochloride 

FtG. 13.3 


The hydrochloride salt n used in mediant It is a col¬ 
orless crystalline pt^der with n oeutnl reaction, a 

slightly hjHer lasic, mid ready solubility in water. The 
aqueous sol ution is not decomposed by a short period 
of boiling. 

Meperidine and its related derivative Diphen&xyiait 
Hydr&ckivrule, USP. aft Schedule II drugs subject to 
tig Ci intfoiled S-Lih^tanees Act of 1970. Diphenoxylate, 
ljii anti peristaltic agent, in combination with atropine is 
classified us a Schedule V preparation. 


Administration, Meperidine k best administered 

iniiiimu.'veiLbily in animals. The absorption after IM 
administration can he somewhat variable (Waterman 
and Kalthum 19K9, 199% The St: route is not pre¬ 
ferred because Local irritation and pain may be pn;>- 
duced. Oril admiiusUatkm is nut advised in large ahi- 

mali became of the com. If ihe drag contact* buccal 
mucosa, particularly in the cat, considerable iiritsrtion 
and salivation result. IV injection must he made slowly 
to avoid l;h ill- 1 vascular collapse. Following IM or SC 
administration in the cat. emesis, does not occur hul 

occurs in wime animals. 



MlTAHOI 1S\[ and Fate. Meperidine is absorbed rap¬ 
idly following SC, IM. or oral admmistnitinn, The drug 

is largely toaotiwued in the liver. This result* in a low 

hioyviiilability of meperidine due to a first-pass effect 
alter oral administration tRitschel et ail. 1987). A >mall 
iimuunl ls excreted undiii ng&d in urine; the major pari 
of a given dose is demeLhylated inorme peri dine) and 
hydrolyzed before being excreted. Parahydroxymeperi¬ 
dine ha* also been identified in the ml. Bolh normepen- 
dme and pariiliydnisymeperidirtc have been show A lo 
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posse** Usss analgesic activity than meperidine 
(DahKlrcHfi ei all, I979i. The metabolite ranrmcpendi ir¬ 
is. more (pope and poxse&ats greater eonvulsant activity 
ihnni meperidine, the parent compound. 

There is considerable species variation mrrth re sped 
lo metabolism of meperidine (Caldwell el al. 1979). 
Biolransformatian ttf meperidine in the rat is consider¬ 
ably different from that in humans and monkeys. Of llR- 
monkeys, the mangabey (Cereceftiir /ar^Ninw) pro¬ 
vides a p«.nmJ memJbulit: model fflt humans, whereas ihe 

mona (trnxp/Jimis hwfm) and pulsis (Un-jftpim'/ivt.v 
/wjfcj.v) monkeys are less acceptable in metabolism s-iod- 
ies of meperidine. 

In humans, enilly about 5% of meperidtos adminis- 

igft'd is excreted unchanged; the remaining portion 
undergoes A r -dk? methyl at ion to normcperidinc acid or 
conjugation with glucuronic acid. About ft4J% of 
meperidine administered in hiuums can be recovered 
(Greene 1968); 5 % of lk drag is unchanged, 5 % is in 
the form of unbound (Knmeperidiiie, 2091 is meperi¬ 
dine acid. 7 % i s rmnvYKpcridinc acid, jnd 12% each is 
recovered as hound meperidine and normeperidine. 
Disposition of ihe remaining 401 of the parent com- 
pound is unknown. 3iotransfarmation of meperidine in 
humans occurs at the raLeof I0-20%rtlo4ir; A’-demeiJiiy- 
Lalion occurs through hepatic mtefOSMUJ enzyme 
activity together with nicotinamide adenine diliu® 

demitfc phosphate Lind oxygen. Only the unchanged 
meperidine molecule Clll be metabolized by Ihe liver; 
all other metabolic change* or degradation occur to 
some degree in exlrahepatk (issuer, 

When meperidine {22 mg/kg) as administered inira- 
venously, Davis and Donnelly (ll 968 ► found Ihe plasma 
half-life to he 0.7 hour in Hr- cal. Despite the short half- 
life in plasma, the analgesic effect of 11 mg/kg of the 

.Ir11;.' .■ i ■.■.ti iiili.irin.i-.ciihnls ts .■.pp.ir*.-ill ;iB 2 hours hut 

not at 0.5 or 4 bows after administrarnm. in the dug. 
the ball-life of intravenously administered meperidine 
is 0.75 hours, ihe volume of dosUibuiiou is 2A 1 Ag, 
and the Mai clearance is 42.5 mlfniinAg {Rilsdid cb 

al. 1987). Because duration of effective plasma levels 
of meperidine i s short and ihe btoErunsfuriluitiufll is 
rapid. E>avas and Donnelly (1968) staled ihal iriu|xcr i 
dine probably will serve better as a preunesthecic drug 
than in management of severe pain in cats. 

Meperidine is rapidly desired from pony plasma 
after IV administration {Ak-xander and Col IciE 1974), 
The eMinkiited half-life of the drug is 66 ± 8.7 minutes. 
Alexander and Collett found that less than 5% of the 
administered dose (350 mg IV) is excreted unaltered in 
pony urine during the 4H hours after administration. 

Pharmacokinetic studies in the pregnant ewe indi¬ 
cate that feud Mood levels of meperidine peak feu chan 
10 minutes after an IV (injection (Mirkiri 1975). Serum. 
CLHiKCniracLi'ifis. in ihe fetus are generally greater Chan 
those in corresponding samples from maternal Sub¬ 
jects. A single TV i njetfion of meperidine (ft, 85-2.5 
mg/kgl into the pregnant ewe is not associated with sig¬ 
nificant effects on maternal or fetal arterial blood pres¬ 
sure and heart rate ( Jenkins and Dilcs 1971), 


ThERMOREGULAT tJKY EFFECT. In the cat, following. 

SC injection of luge doses (30-30 mgft|) of meperi¬ 

dine. a niurked ritt to 40,5=41,6° C occur in rectal 

tempenicure. This appears to he a dose-related phe¬ 
nomenon. Inasmuch as morphine induce* a hyperther¬ 
mic response in the eat, the mechanism of me pen dine- 
induced hyperthermia may he similar lo that of 
morphine. 

Cardiopulmonary Effect. Follow in g an IM dote 

of 10 mg/kg meperidine, reduction in heart rate and 
drop in Ihe systemic arterial pressure occur in dogs. 
Generally, the fall in blood pressure is numerate, and 
occurs 1(3-20 mi mules after IM injection, with return to 

the control level in 50 minute*. The decline in systemic 
arterial pressure i* probably the result of peripheral 
vusodi latii.ui following release of histamine. 

A significant degree of broncbocoostrictloo occurs 

in (be dog. following an IV dose of (3.5 mgAg (Shc- 
mauno and Wendcl 3965). Also, meperidine adminis¬ 
tered at 2,5 mgAg inlnivi-nuusly produces a 22% 
decrease in lung capacity. SJtentaito and Wendel sug¬ 
gested that (be brandweonstrictor effect of meperidine 
and morphine may be due (o a combination of central 
vagal stimulation and histamine release. 

ANALf-ELSIC Action. The analgesic effect of meperi¬ 
dine is intermediate between codeine aivd morphine. In 
dogs. meperidine (4.4 mgAg I udiniiiLslcTed iiunumu*- 
eularJy every 3-6 bowl has been used to depress the 
cough reflex and in treatment of cardial "asthma.” In 
(he horse, meperidine produces analgesia within a few 
irdnuK* following IV admin^rrariiui and 15-25 minh 
ules after an KM injeeiiofi. 

Spasmolytic Action. The spasmolytic activity of 

iiucixridine \\ signi fR-ani Inn enmsiderabiy lesih chan 

morphine and methadone. Meperidine will relax the 
intestine, bronchi. ujcLct. and, to some degree, uterus. 
Meperidine, morphine,, uml inediaKkHie depress Lit res- 
inuil peristalsis, in the dog This effect is. capitalized 
upim. in the use of paregoric, a compound containing 
morphine, nr diphenoxylate hydiiKhlondc. :-i meperi¬ 
dine derivative for anodiarrhcal purpuscs. 

The ratio of doses producing tire same degree of 
intL-stinal inhibition is morphine I and meperidine 
750, Because (be ratio of doses producing a given 
analgesic effect ts 1:10, meperidine has an advanlage 
of 75 to I over morphine when an analgesic drug is 
needed that docs noi depress intestinal motility. It is 
apparent that meperidine possesses a marked advan¬ 
tage over morphine for relief of postoperative pain 
because it can he given in many times (up SO 750) Ihe 
dose of morphine before it depresses iflfteAlillil 

propulsion as much. 

Diphenoxylate hydrochloride is combined with 
atropine as adjunctive therapy in management or con* 
Lral of severe diarrhea in hninajis. Control of diarrhea 
occurs by virtue of ihe antipcristaltic actions of tH*lh 
diphenoxylate and uLmpmc. 
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TABLE 13.4—Effect rf varying down of nicptridiiir in the cut 


Dnwe 
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Number 

showing 

e \ li La Lin a 

Nnrixr 

shim 1 inf 

uumfflir 

IfWMTlA 

Number 

showing 

L'Linvuhi^wis 

Den (lw 

tm&kg) 

5 

to 

ft 

fj 

tl 

0 

IQ 

25 

5 (alight) 

0 

Q 

0 

20 

15 

M 

0 

0 

ft 

m 

15 

15 

9 

6- 

1) 

40 

IS 

!5 

13 

Ilf 

0 

so 

10 

IQ 

10 

9| 

0 


Suuill:: EEmXh aild Riirtkisi I 954. 

Nnic; Pentobarbital (15-20 mg/kgS wis ucd as an onticiiirvvlHviN in 3 cols.* 3 cit.f and 7 cats! of these respective groups, 


The diplw^sylflie-nu^piiiir 1 nuriun (Uiwlil) hai 
been used in [he UK for irealuieul of feline diinbeL 
Not more (turn 0,5 mgAg based upon the dLpheKnylitt 

content of (he mixture in suggested by the oral route of 
administration iOrmcrndl et ah I97H). The mixture, in 
tablet form- contains diipbenoxylale (2.5 mg) and 
atropine (0.025 tt^g). Toils^iit>' Induced by the drug; 
preparation id cal* results in extreme exchemenL rest- 

Icisness^ and marked mydriasis with visual impair¬ 
ment. A goose-dcpping gsit, loss of balance., extension 
of flaws-, and Leaping everywhere ait additional signs 
seen fallowing overdo sages of the ramloce. In the dog. 

an LHiil dose of diphenoxy late (2.5-5 mg loial dose) is 
used every 6 nr 8 hours for antidiarrhcal purposes (Chi- 
apclla 1980), 

Caution in the use of diphenoxylate with CNS 
depressant agents must he considered. I( may potenti¬ 
ate the actions of barbiturales, tranquillizers. and other 
CNS depressants. 

Naloxone reverses die action of diphenoxylate. In 

the USA. dlptaenoxylilt-atropliie hit not been 
approved for um in animals by the FDA. 


tkm lauifinted by withdrawal symptom* occur* in 

humans. 

CLINICAL Use;. In dogs and cats,, meperidine given 
preancslhcticalty rcduk.es- ihe period ofexcitement and 
reduces the amount of inesthelae needed. There is indi¬ 
vidual variation in ihe depressant dTecLs of meperidine. 


DOGS AND CATS-. In the dog, meperidine is used inira- 
muscukriy fesr preancslhciic medication varying from 
2,5 lo 6,5 mg/kg (Soma 1971>. iTie postunuLgesir dose 
rttimiiiK-ndod in (he Jog is 5—10 mg/kg iiiirumuscu- 
lurly, Duration of analgesia induced by meperidine is 
approx i 

meperidine does, not produce miosis in the dog: par¬ 
enteral administration (4 me/k^j causes mydriasis 

(Martin 1984). 

In the cat- the IM dose of meperidine is 2.2-41.4 
mg/kg lor prcanesilictie medication lOiast 1977)- Ptc- 
medicaLion of eats with meperidine is probably of nn 
value in ketamine anesihcsia; LM mependme 1.5 mgfkg) 
may induce rapiraflory depression (Hutch 1973). 


matcly 45 minutes. In contrast to morphine. 


Toxicity, SC doses in excess of 20-30 mg/kg can 

produce excitement and clonic eonvuKLcifis in cats (see 
Table 13.4). Convulsions can be controlled by injection 
of pentobarbital. Haibilurules can be used successfully 

to anU)gQuite lethal convulsive effects of meperidine.. 
However, meperidine potentiates the depressant effect 

of the barbiturate?-, upon respiral ion and will only 
increase vhe certainty of death if admin istered in barbi¬ 
turate mlo.xuCllfcrtL Naloxone is an antagonist of the 
respiratory depressant and toxic effects of impmdim- 

However, rraJoxorw dess not antagonize CNS convul¬ 
sions and other sip of CNS siimuLaiioo such us 

hyperreflcxia and tremors (Dystra and lender 1078), 

Normcpcridinc '\$ considered <o he more toxic ihiui 
the parent drug meperidine. Its accumulation may 
resulL in toxicologic consequences- However, pro¬ 
longed administration of meperidine to dogs in 

amotuics up to six times the recommended therapeutic 
dose produces u toxic effects other than slight 
anorexia and loss of weight, Although no addiction to 
meperidine has been demonstrated in animals, addie- 


SWJSE. Meperidine (10 mg/kg.) udininiviered subcuLa- 
neoufily in large sows and hour* contributes lillle 
toward restraint. For preanesihetk mediation in (he 
pig. meperidine i 1-2 mg/kg), promazine hydrochloride 
(2 mg/kg I, and atropine (0.07-0.09 mg/kg) work satis¬ 
factorily prior to hurbiluraCe ami inhalant anesthesia 
(Ehnull 1969), All these preiinesEheCk" preparations are 
administered intramuscularly in separate sites 45-60 
minutes prior to induction of anesthesia. 

HOftSiS AND CATTLE. Total IV and EM doses of 
meperidine recovmiKnded for the adull horse are 500* 
and IWX) mg respectively, h must be given slowly 
intravenously because dangerous auenul hypertension 

can oeeur r 

In cattle m JM dose of 500 mg is recommended- 
Meperidine is u>ed in the mare to relieve pain ami div 
CLnnfuft fallowing cesarean section (Cohen 1975)- ll 
has also been used Lo treat equine colic, especially 
acute Spasmodic conditions.. However, meperidine (2-2 
mg/kg ) administered intramuscularly produces only an 
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TABLE 3 3*5—Dots and indktttoHtt of meptrkline fur use in lubumlur? uninuki 


Speciu 

Dou 

Rntod 

uUnisfiihLraliufi 

l 

Mujor 

iHnlkpu 

Reference 

Mow* 

1 rrj^'ly) 

.4? 

SCJM 

AnalgL'sia 

Wrighrt et al. I'M* 

Ruin 

3) 

SCJM 

Audfcn 

Wrigbl m al. IW 

H-Binsier 

2 

IM 

EYuamf.-ktlkflit 

■ChorXiJ pi| z 

i 

IM 

PTL , a^L H ■^l^el]L , 

Muykut tUSi 

Rnbbii 

id 

SCJM 

AjHlfedii 

GardnLT 1964 

SuhliumuM pniuales 

1-4 

IM 

Aaalgesia 

Wright et al. 1983 


bmutatmt Lind transient analgesia in the horse fol¬ 
lowing experimentally indited colic; KykudlK b a 

superior analgesic cnupind to meperidine. penta- 

sroeine, and dipyronc for (Rytmnt of indited wUc 

(Low IM), A dcM L>f meperidun high us 4 mg/kg 

administered inLramuscularly or subeutaneoudy \\ ppp- 
ommended for control of pain in horses fBaggcsl and 

Cooper 19*0), 

Spontaneous. locomotor ajhzcivity is prominent in the 

hone after an FV dw of S mg/kg meperidine {Ombte 

cl aL I97d) r For the first 14 minute* postinjeeiion., 
meperidine induces inenordi nation, tremhiing, and 
immobility Howmt toe locomotor effect is relatively 

brief;, it |icak^ 9t about 30 minutes 4 iinI relams to nor¬ 
mal by about 3 boon (Comhie el al. 1079). An IV dose 
qf2J mg/kg elicits a modest increase in motor aclivily, 
whereas 9 mg/kg, has no effect. 

Irs caLLle, I he drug lh used fur calving, to calm Lhe 
nervous heifer and provide analgesia during parturi¬ 
tion. Meperidine does not inhibit uterine contractions 
in cattle. 

LABORATORY ANIMALS. Meperidine ii useful M an 
analgesic isi lihmny species Doses are given in 
Table 13J, 

On u body weight basis., the rhesus monkey is twice 
as sensitive to mcpcndinc as the squirrel monkey. 
According 1o Robinson and Janssen (I9SU)I, Ml mg/kg 
meperidine administored subcutaneously lor postsurgi- 
Cfll analgesia in li ntobiu nodkey (Gotahu gwriwza 
tBatynsis) is followed frithli scvenl minutes by res¬ 
piratory «nu t AdruiufitnlkHi of oxygen utid an IV 
dne (W.IM mg/lcgl of naloxone are effective resuscita- 
tive measures in reversal of respiratory arrcsl resulting 
from meperidine owrIdu^c. 

EXOTIC ANIMALS. Meperidine (12-4.4 mg/kgjt has 
hcen used subcutaneously in bears :ukd large cuts for 
analgesia t Wright ct &L 1983), For immobilization pur¬ 
poses in the eEephant, an IM dose of 0.03 muAp is rec¬ 
ommended (Hums and ticiser Ifill). 

Methadnne Hydiwbtorkli- Two proprietary names 

for Mtufw HydfXKhfofide, USP P are AmkJonc and 
l>nlophinc r Methadone was synthesized in Germany in 
9943 as-a.resu.il id' the continuing search fart substitute 
for morphine fpfg, 13,4) P In 1973, melhadnne was 
removed from general medical use. It ha." been rein- 
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staled us a Schedule Jl drug and is again available for 
WtHfuiy medical uve. Mdludfitt is a bitter, white, 
cry "La Ihne ciunpound that is readily soluble in water. 

The Muffler has 25 times tlw uulgHlc potency of the 

rf-i sinner This dfUR ii discussed in grealer detail m Che 
7* fdlikoa of (Ms text 


ClJSK'Al. US-i:. In lhe hmse. metindOM (LX I I ing/Lgl 
and ace promazine (OJ1 mgfltg} have been adminis- 
toed in combination by Lhc IV route to provide anal¬ 
gesia and restraint for treatment of wounds,, loading 
unruly animals into transporting vehicle sutoring of 
wounds, and larious type* of mirioi surgery tSduuffler 
1949)- CNS depression occun within 30 srands fol¬ 
lowing injection; within 3 minutes, ihc effect is usually 
suilicienl to any out various LreuLments or surgical 
procedures However, |»euk CNS depression tuy dot be 
attained for 15 minutes following administration of 
flKdudofK-Kefmnuzitie; dural ion of Hk effect is 
jibnui I hour, Recovery occurs gradually over a 6- to 
12 -hour period. Occasionally, ? bone may be slightly 
drowsy for up to 3 days after receiving Lhis drug eoni- 

hmaLLon (Sduuffkr 19(6). 

Hones ordinarily do mu bMtne recumbent follow¬ 
ing metoadL^-uoupromiLfiiie even at high dosages. 
The animals may appear somnolent hut will us-ually 
rcLain iheLr ^.-Landing position LSchaurtlcr 19691*. More¬ 
over horses are suilicienlly free of incoantnutHW so 
then is link hazard of their falling upon, stepping 
upon, or otherwise injuring attending personnel. M the 
ini mils become lecumboiL toey «ul be returned to Lhe 

Miukiling jxisiiiLMi without difficulty. 
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Methadone «H04 mg/kg) plus aceproimiine (0.04 

mg/kg) hn% been lived iiiLnivciinM-sly in the horse prior 
tu IV kmituine (2-2*3 mgfltg) (Parson* and WUnul^ 
1982), The mwiii time between udminisumiun of the 
preruedieMion and ketamine was 13 minm; time of 
standing from induction avenged 13 minutes. More 
data are needed to determine the safety and eflleaey of 

using these drugs in combi nation. 

l e nt any! Citrate. Fatanrl Cftmle. USP (SublimuzcL 
is it phenylperadine derivative. It is more lipid solkibbe 
than morphine. which cutmibutes to iLs rapid onset and 
shun duration uf action (Hug and Murphy 1981)., Its 
analgesic properties are- iu least 300 times chut of mor¬ 
phine. It is a full opioid agonist and is active at ,u. K., 
and <& PHeptun. It has a high abuse potential arid is a 

Schedule II (bug. 

METABCLI5M AND Fate. M-ntanyil is tnrtabclized by 
Ihe User by hydroxy latino and dealkylation. line pri¬ 
mary mute of excretion for the melsboliln is in the 
urine (Mdlib and Hug 19801. It is highly protein 
faHIttd and! undergoes significant tissue redistribution., 
which leads to gome variability iil die fate of eKCKliotl 

of the dmg. It ho* a steady-stale Vd of 3-3 L/kg, a 
clearance rate of 10-20 mL/mi n/kg. and nn elimination 
half-life of 2-4 hours (Bailey andl Stanley I99«4). 

CardjopulmonakV Effects, In the dug, fentanyl 

given alone induces analgesic, respiratory, and ordio 
vunciihir effects within the same range uf plasma ron- 
rMaEntiv. It dm not produce respiratory arrest whan 
injected intravenously at 2.5, 5, 20, 40. and 100 pg/kgi 
aft 5-minKKc intervals to a cumulative dose of 167.5 

|ig/kp given over 2D minutes. Alter time doses, spon¬ 
taneous respiration is maintained in all animaK: respi¬ 
ratory raw, / J p, heart rate, and cardiac output arc 
reduced to atw.nU unc-halfi at the peak effect of fentanyl. 
Duses in excess uf Lhose required lu produce complete 
analgesia do not interfere with adequacy of oxygena¬ 
tion 4 Arndt it al. I9H4). Even dOKS up tu :l mgflqg 
failed to produce apnea or severe hypercapnia in spon- 
lanccHjaty breathing dogs fBailey et al. 1987). Fentanyl 
appears Co have minimal direct cardiac tkpressanC 
effect (other than bradycardia), although some negative 
inotropic effect is seen ct excessive doses (Montomura 
el d. 1984). There is an overall sympatholytic effect 
seen with fentanyl administration (Taycyama et al. 

1993); The respiratory effect of fentanyl is. similar to 
thai of morphine in than it depresses she patient's 
response tii increases in arterial carbon dioxide partial 
pressure. Its respiratory depressant effects are often of 
surprisingly long duration and may exhibit a biphu>ic 

pattern, This \s probably due to the significant amount 

of fentanyl sequestered in peripheral tissue*, which 
must then reenter ihe plasma before elimination (Bai¬ 
ley and Stanley 1994), 

Clinical Usf„ I n veterinary medicine fetKanyl »?i* 

most commonly used with droperidol (sec Chap. 14) in 


the fixed drug eombinackin Imovif-^L which is no 
longer available. Each miDffiler contained 20 mg 
droperidol and 0.4 ing fentanyl. 

Fftffltefflyl (without dftfxridol J is used prior lo gen 

cral anesthesia Of Us pun of a bills meed anesthesia pm* 

locoL also termed i^rohptaaialgesta (Sawyer 1:985). 

In chips jt is often used w ith other tranqui I i rers such as 
medclomadine (20 or 40 tM and fentanyl (2 

jigiTig) IV (England and Clarke 1989) or xyHazinc £0.2 
mg/kg) IV. glycupym.date (0.01 mgAg) IV, and fen- 

taiiyl (ID jig/kg) IV. Fentanyl (35 |igAg! and xylazine 

(l.i iiig/kg) have been used in the horse (Fippi and 
Lunib 1979)., 

Fentanyl is also available in a transdcrmal delivery 
system iDuragesic). I lie delivery system consist* t>f a 

small reservoir «iih a semipermeafefe membrane that is 

applied iu lI il- -- kin incr ^ h.iiik-.- ;lil-;l. The reservoirs 
come in several sizes let adjust Ihe dosage rale and are 
labeled tn indicate Ihe total admimstruLion rutc in 
nucrogramv per hour. The sizes available are 25, 50, 
75, and 1()U Jlgrams/br. The dlose most commonly used 
in dugs and cals is 2-4 flg/kg/hr. In dogs the absorption 
rate is variable and it cun take up to 24 hours for (he 
plasma concentration to reach a steady state but the 
plasma oonotiteationA obtained are highly variable 
(Kyles ei al. 1996a Egger el al. 1998k The lipophilc 
nalure of fentanyl allows success full transdermal 
adm ini stratum sinev the rate-limiting step is diffusion 
through the lipophilic stratum comeuni (Guy et ui. 
1987; Samir arid Flynn 1989). 

Siifruiuml Citrate. Sttfentami C iJ’/nle, USP (Sufeitla) 
is a phengdpendine derivative similar to fentanyl. It is 
3- ID times move potent than fentanyl but has a safety 

margin over 6 times larger than fentanyl (Stocttlng 
1991). Sufentanil is more lipid soluble than fentanyl. Il 
is a full opioid agonist and is a Schedule 11 drug 
because of its high abuse potential. 

METABOLISM AM) FATE. Sufentanil as metabolized 
by i he liver primarily by dtralkyhiiimi and dcnieiiliyla- 
tion. Most of the n»cLBlw|ites arc excreted in the urine 
(6091) in dugs and in Ihe fixes (62%) in rats (MeuIcier- 
nums et al. 1987). In plteU, sufentanil is highly pro¬ 
tein bound. Il has ki steady-state Vd of 2.5-3.0 Ukg. a 

clearance rale of IMS mUmiiVkg, and an etlminatkm 
half-life of 2-3 hours (Bailey and Stanley 1994k 

Cardiopulmonary Effects, Equipotcnt doses of 
fentanyl and sufentanil produce similar cardiovascular 
and respiratory effects. 

CLINICAL Use. Sufentanil is generally used when it is 
desirable u> hav* an mteslltelic protocol with excellent 
eardkivaseubar stahiilLy. Il Is administered as a enrniau- 
ous infuHiiun Hith concurrenl use of a tranquilizer or 
inhalation anesthetic. When a %ufcnLmil infusion wa> 
udnunistered- in conjunction with Lcnpernnc, Ihe sufen- 
Ihiim I-induced curdiuwHsculjr changes were minimal 

(Benson d al. 1987). 
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AlfciiiimiL IhdroLhloridc. Atf'enltuiil Hpdmchlcfids, 
USP (Alfenta j. is a pheny Ipcndinc derivative similar Id 
fcntajiyf Jl is less potent than fentuny! and has a shorter 

half-life. The shon duration of action malic* it very 
appropriate fnr use us an ioAulM. It is bur Lipid sol¬ 
uble and exhibits greater protein hindinp than femanyl 
(Sbuclling IWI), It is a full opioid agonist and is a 
Schedule II drug bOGWH of its high abuse potential. 

Meuhqu&m amd Fate. Alfcniaml is metabolized 
by the Hm primarily by dealkylation and demeihy la- 
boo. Most of ihe KtaboUftH urc excreted in the urine 

(75'A j in ht?i h lIi i^s and rats >1XfciLhkTmdftv c\ ah 1 9K7). 
fn plasma alfeman.il to highly protein hound. 1 l has a 
steady-state Vdl of 0,4-1.0 IAg a clearance raie of 
4-9 mUmnin/kg. and an diminution half-life of 
1—2 htwnv (Bailey and Stanley t W4>. Its short duration 
ofacLion is a result of rcdivtnbulion from the brain to 
other tissues, and its rapid metabolism results in mins- 
ii. 1 1 accumulation. 

Clinical USE. In dogs infusions ol b jig/kg/min pro¬ 
duced a fiM ndiKtku in the minimum dmhr A& 

ceafndon CMACl of enfluriiK (Hall m «L 19*7), In 

humans, alfentam) can be used tor induction of anes¬ 
thesia { 15^3- It Hi pg/kg IV) followed by an infusion of 
25-150 pf/kg/hr with an inhalation anesthetic 
(Ausf-ms et ah 19834 In [he hors^, doves of 2D and 4D 
pj/kg resulted in increased motor activity lor a short 
period of lime (Pascne et aJ, 19149), 

Corfcntunil Crlrafe. i'afjt'n(uni! C\imt*r, USPtWild- 

B:Sl! id toother pbeoyfptradiic derivative thaL k in 
extremely poteit opfbid agonise. It is apfwoxim&iely 
LOJOOO limes more point than morphine (Mather 

1.983}. 1L is currently labeled only for the immobiliza¬ 
tion of cemdac hut il has been used on numerous other 
Specie*, Il k a Schedule II drug and requires special 
regisLraCiuit widi the US Drug Enforcement Agency 
before it can he puduaed. The normal dn*c need for 
capture is D.fitW <l.G2 mffk g iiljwcied illninuKUlkriy. 
Nielson (I996| Ins numerous doses for earfcntanil as 
well as other capture drugs. C.’arfentanil can be danger¬ 
ous to the user, and the manufacturer recommends the 
user takes ever) 1 precaution to avoid human exposure, 
[n addition, the user should never work alone, and an 
appropriate opioid ugonist l such us dipreiwrphinel 
should be immediately available. 

Remifenlanll (Urate, R mt f M ewM Citmw, IJ-SP m 
the newc&l synthetic opioid. It is 20-34> Limes more 
potent than alfeiiuuiik Reuiifemanil ha* the distinction 
of having a very large therapeutic index (33,00(1) and 
ati extremely s.hort half-life (7,5 min] (Slanlcy 19943, 
This drug is the first in a group of new opioids poten¬ 
tially able to safely function as anesthetic agent* when 
used alone. 

Elorphinr Hydrochloride. Etorphutf Hydrochloride^ 
[NN (M-99 b Oripimw), is a scmisynlhctie tipiatc 



Exorphin^ Hydft»dibrisk 
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derivative having up to Kk(IOi) Limes the analgesic 
potency of morphine (Harthoom IM5b)l Chemically* it 
is 6J 4-endoeLheno-7a-( 2- hydmxy-2-pcnLy I Mclrahy- 
dru-oripavmc hydrochloride (l*ig. I 3.5). liLorphine 
hinds to Ihe opioid receptors in a number of regions 
within she CMS (See discussion on opioid receptors in 
Lhis chapter), 

EtarpUoe is cmiununly used as u capture drug and it 
k generally ttCCMHltt&ded to due heavily Lind then 

n*H-'tfvL» Jv Ml. Mil Lis pnhubli* with diprtrjh ir a phtilL r , the: 

antagonist* of etorphine. Insufficient dosage or under¬ 
dosing with ciorphine may result in hyperex.citahility 
and other complications. IL should never be used unless 
dtprenorphine mother suiiahle antagonist.* are available. 


Fri-I i-RAN-Ljp^O Wb.11 Animai. 5-. E-tnrphine was used 
in the early ] c Jf>th Jor field investigations m the imme- 
bili£4itaon -and capture ol exoLic species 1 llujthtwrni 

siikcc I hen j| feisiv hcvu uvud en.l^n^ivcly in Lhif 

field of animal conscnaiion (Hanhot^m 19721!, 

BB 

The potency of eiorphine is exlremely imprcs.%ivc. 

One milligram is capable of immobilizing a rhinoceros 
weighing approxnnalely 2IKXJ kg: this is equivalent to 
t>.5 pg/kg. A di»^ of 4 mg i§ capable of immubilining 

an African elephant weighing about iviXKl kg; ihis 
amounts to less than I p^'lig iHartlutom and Bligh 
1965). 

The action of etorphine can be antagonized or 
reversed hy diprenorphine. If the ad ion m not antapo- 
nized. the immobilized sLate usually pers-isLs from XI to 
b(l minutes. Used by itself in exotic species^ ihe 1M 
doacs of etorphine that usually result in rapid immobi¬ 
lization. vedalnnl. and analgesia, arc as follows (Alford 

at ah 1974): 


/Mb 

■■ 

EEquidne (Mi^ngLiliun hunw. ycHtji) 
C.: r^iLlne (UkSc, gn?/ly E polar bear) 
Carvidafi-(laflow daar k am) 
lliividat! lanldupe, hij'N:cn sheifp) 


Dos* (m$M3 k&i 

0.44 

0.5 

o« 

0 . 0 $ 


According tn Harthoom (1966), ihe dose of clor- 
pbine for mo*L exotic animals is about I*2 mg (total 
dose la e.g., the zebra requires ahnut 13 mg and the 
rhinoceros 1-1.5 mg (total dose). Tht [M dose of 
etorphine alone tor chimpanzees is 0,66—L76 pg/kg: 
for small primales it ii 0.44-1.3 pg/kg (Wallack 

i m 
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Us e til" ecorphine Akne in the Asiatic working dc* 
phairt al doses. of 5-8 mg have uImi proved aatisfactncy 

for immobilization (Juinudeen et al- 1971). FtorpbLne 
has been sucLirssfaliv used for anesthesia in Ihe |vw> 
siage caslratLon of a 9-ycar-ald Asian elephant; anes¬ 
thesia was induced by an IM injection of 6 me (Fowler 
and Hart 1973) and main Lai ned by intermittent injec¬ 
tions of i mg into an ear vein. 

Ejorphine has been used to immobilize Ihe American 
atli gator, red-ear mule, and Galapagos tortoise (Wjd- 
Iftcfa mI Hoessk 1970). Irnitwbilirfltin of these pod- 

kiloLhermic animals was satisfactory. HmiCWc the 
total dose required to attain a desired affect is much 
greater tan a body weight basts ihap those required in 
homenlhcmik species. 

Captive Wild Animals, Eiorphinc ls used to 

immobilize: many species of animals that are main¬ 
tained In Eralogtenl e^aMitenh and cireusesu It is 
ued Flu 1 diagnostic procedures and/or iKHment in ani¬ 
mals that are difficult and dangerous In approach, 

In Ihe camel (dromedary), ctiirphme (0.25-0.5 
m^45 k.p ls administered by Lhe IM route; IV admin¬ 
istration is, conlraindicalcd i Higgins and Koek I9hil). A 
iBNi.itinn.un of 4 nig Ls suggested for the ..id nil dromedary 
weighing 400-500 kg; for juvenile animals-, a io4al I Mi 
vfose of 0.5-2 mg is suggested. 

Galesinan and Wksner (1982) have found chair the 
average cffcclivelM dose for eforphLne phis zyla/iue in 
bears Ls: polar hears, 7.312 kj/kg, with a muiinum of 
755 pg/kg; brown hears., L6.B2 fig/k|. The IM dose of 
xyluiiK for bears is added tu Lhe etorphine; HJ mg 
xylnzinpc h given to animals weighing 300 kg or more 
and 5 mg is iim'J in animals weighing less than 300 kg. 
Hyaluronidusc ( 15ft IU) is alwi added to Ibis mixture n> 

inowc lhe ibwcptiw ride, A blowpipe and dart sys¬ 
tem of 2 ml. volume is used for delivering ihe drug 
mixture into the neck nr shoulder musculature where 
body (at is thinnest. Other anatomic regions of Lhe body 
may base up to 7.5 cm of subcutaneous fat; absorption 
of drugs is delayed and induction efftsis are much 
slower when ihe injection is made in body fat. For 

reversal of ihe effects of ebnrphine, IM mid SC daises l>| 
dipreimrphme are given, 'llie lingual vein is also acces¬ 
sible in bears for administering Lhe antagtmiTJ drug 

(Ckue&HUm and Wie&tter 1982). 

ElorpbiUti-Mylii^ifK Has been used in a leniale greater 

kudu {Jhigfkiphttt Mwp&k'tm) for 14 uiunoMlia- 

iifMis over a [period of 9 ■ricsnths with satisfactory results 

(Kollias et al. I9N.1). Etorphine (7 pg/kg) and xylazlna 
(1.10 jigflkj) are administered intramuscularly in the 
quadriceps famnri s ru projectile syringe. IV drprenor- 
phine (14 pg/kgS reverses the effects of elcwpfiine (after 

immotwlization periods of 20 15ft minutes) within a 

mean period of 2 minutes. 

Domestic Species. Btofphiu has been approved by 

ihe FDA in the USA few use only in wild or erotic 
species. (Information is. incomplete on tissue residue 
patterns as well us excretion of morphine and its 


metabolites in focKbprodudi^ animals The use of 

etoiphine in domestic species is discussed in greater 
derail in the 7 5H edition of this text. 


Precautions and Comiik.aindjcatiuns. Sale use 
of etorphine requires special precautions. Domeisdc 
animals should be properly controlled and restrained, 
prior in IV or IM aadftthnJ&traJkm in avoid uecidtenud 
self-injection. The lethal dost of etorphine for adult 
humans is small. It is estimated to be 30-1211 fig 

(nmrrogracris mm miUigriLmsI) |H4igh and Haigli 19*0), 
Accidental injection* of small amounts of ecorphine- 
aeeproiiiiUtine have led to seriote rcipinaJory depres¬ 
sion and eortia of a veterimuy i Firm i 97 3).and 

to death of a veterinarian (Vet Rrc News and Reports 
1976). Consequently; the manufacturers license for 
production of Che drug combination was temporarily 
suspended. The product was soon reinstated for use in 

animal* following; revived warnings by die* manufac¬ 
turer. In the event of an accidental injection of elor- 
phine-^ceproma/ine, warnings include immediate IV 
or IM admirnatration of naloxone (0.S mg); naloxone is 
Up be repealed at 5-minute intervals ifsymplonte are not 
reversed. Reliance on the use of naloxone is empha¬ 
sized by Ross (19416) rather than use af dlprenutphine 
lor uMlLgonizing the effects of etorphine From acadcn- 

tal ^If-injeetbtii. If naloxone h una-vailable, nalorphine 

hydrochloride should he administered inCravenously or 

iirtramuseularly in a dew of 10 mg. Nalorphine can be 
repeated at 5-minure intervals if necessary up to a total 

of 4 mg. Adequate cardiopulmonary activity and/or 
resuscitation must be maintained until emergency med¬ 
ical BSEtmee arrives. 

Etorphine and itx antagonifil dipronorpl ine must ikU 
be used in domestic or wiki animal* intended fen - 
human consurription. 


Propoxyphene Hyd rochloride. The analgesic potency 
oF P.ni!pmyi*kFtTr Hydrin-hittruk, U$P (PamHi), is less 
than that of codeine. Propoxyphene hjs eak analgesic 
poKney and only l/ZftC) the affinity of morphine for 
receptor binding (Perl and Snyder 1973).. It is- struc- 
tumlly simihir naa the mettudore molecule. 

Because of hazards and poieniial toxicily of ihe 
drug, the FDA has considered the possibility e»F sharply 
curtailing or banning propoxyphene for human use 
(Smith 1970). A vhtft from Schedule I V to Schedule II 


lliis- also been under cuns-ideraticin by the FDA and US 
Drug linforcement Agency. 

Frofcmyphene has ode been used to any great extent 
in cliffckll veterinary medldlK A dose of 2.2 mg/kg 
administered inEfarnuseularly was Found useful in 
obtunding experimentally induced pain (Davis ;nhiJ 
DonwIJy l9Wi). Toxicity of propoxyphene has been 
sludicd in dogs arid rabbits. Metaboh/atmn of the ding 
is rapid. Its major metabolite, nwrprupiixyphene, has a 
longer plasma half-life in Ihe dn^i than pfopnxy phene 
(Page etui. 1979% 

When dogs receive a single oral dose (40 mg/kg) of 
profM:ixy phene, signs of C NS toxidiy develop (l 3 age et 
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al. 197V). TitanOf^ salt vision, vomiting, nihl ataxia 
may occur. Convulsions develop following doses of 60 
mg/kg. and lethal effects arc induced fry 125 mg/kg. 
PiupoAypbnK has been craliulcd in three IV doses 

(0,5, I, mid 2.2 mg/kg) in ihe ho** (Muir ct al. I9HE)). 
Cafdkipnlpm.wtnry function is nut altered fry 0.5 or l 

mg/kg of the drug. Mustek fociculatioft occur* in some 

animals following a dose of 0,5 mg/kg, A brief period 

of iLiuitu and muscle fa semi II atm ns develops after a 
dkise of I rng/kg; increased motor activity also is seen 
and last* about 30 numnes. The dose of 2.2 mg/kg is 
followed fry inenaae in bean rale and mill blood 
pressure; ataxia and disoffienMijnik also occur for a brief 


period and increase in locomotor activity that las4s sev¬ 
eral hours is observed. Natoxonc (0.005 mgftgj admin¬ 
istered intravenously lessens increased locomotor 

activity or results, in return of animals to a normal quid 

behavior pattern. 

In the rabbit, propoxyphene and no ipm|H>xy phene 
produce cardiac arrhythmias and a nunifrer of electro 
eiirdiographic alterations (Lund-Jacobsen 1978). 

Circulatory shock is induced in the pig by Lbe IV 
infusion of 675-2025 nig pmpoxyphene administered 

at the rule of 15 mg/kg^minL a plasma concentration is 
attained! between 9.6 and I 5.3 p.g/mL, which is a simi¬ 
lar p Laima concentration range considered to he leihaJ 
in humans (SturunsiMi cl al. 1985). 


Behavioral altenilivms in 4 .iflspring oi raLs exposed to 
pf^jpOiyphene are known lb occur ( Vortices ci al. 
1979 ), The dnig appears i;u meet the criteria for be me a 
pure behavioral leraiogen, 

ITicrapeutie efficacy of pro pox y phene has not heen 
determined in mnsi species. Moreover, it has. not been 
approved by the FDA for use in lalnsak 
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|i & and pL } receptors are blocked. Compared to |4 recep¬ 
tors, large doses, of naloxone are required to block S 

opioid receptor activity, Moreover, k opioid re cep tor s, 

which have high binding affinity for ketocyclaioeines-, 
have a very low binding affinity for natoxviiH^ 
extremely large doses of naloxone (20-30 times 
needed to block p receptors) arc necessary for bloc kade 
of k receptor*. Tine <r opioid receptor is. insensitive to 
naloxone. Some of the functions of Opioid receptors 
have been da mmed previously in this chapter 

Although naloxone is considered! to he a specific 
opiate antagonist, it also antagonizes the effects of non- 
opiate depressants, affects dopaminergic mectuinisms, 
and aUEagoiiizes GABA. High doses of naloxone can 
initiate both biochemkii and physiological effects 
(seizures Of C0fmri$itif»} E mimicking chose produced 
by GABA antagonists (Yaksh and Howe |982)r The 
prevalent idea Lhat naloxone only induces an effect on 
specific opioid receptors needs revision, li is axiomacie 
thal one should never accept the ides that a potent drug 

Ikia bur one ad ion, 


OPIOID ANTAIMJNISTS. Pure opioid aimtgmiisrs 
of current importance in veterinary medicine include 
naloxone and diprenorphine. 


blaJuxunc Eiydrmhloride. Mafojnwv Hydmchimdf, 
USP (jV-allyliKimxymi.irphone hydrochloride. Narcanj. 
iv approved fry the FDA for use in the dog. Chemically; 
naloxone is 17-aJly l-4,5aHCpOXy-3. I 4-rt| hydro* yiririr 
phinan-(Fcme hydrocbloridiC (Fig. I3.fr). 


Mrlostone lus a potency 10-30 times that of nalor¬ 
phine, Unlike mdorphiri^ ii lacks due agonistic effect 
tfrai is highly desirable if the drug is to he depended on 
as an antagonist of narcotic analgesics. In general., 
naloxone is regarded a* a virtually pure competitive 
antagonist* Consequently; il does not produce respira¬ 
tory depression, which canuiwnly occurs with other 


narcotic antagonists.. 

Naloxone is not subject to the Control led Substances 
Act of 1970. This is an advantage over use of other nar¬ 
cotic antagonists ihal are subject to regulation under 
the act 


PHARMAOILOGIC; Aom In Low doses., naloxone 
has a high binding affinity for pi opioid receptors; both 
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Naloxone has m effect 



upon arterial blood pressure in nomiolcnsivc subjects 
(Zalnga et aL I084). It acts upon sues (probably ft Opi¬ 
oid receptor) within the CNS and/or at peripheral sites 
to improve eardkivascular function in ex 

shock (Hobday and Faden 1960k Aha* the prtriMrw 
action of naloxone depends cm m intact pituitary-adre¬ 
nal. medullary-sympallielic ihtvdik system (Davis 43 
all. 1964). The cardiovascular effects of naloxone in 
spinal shoek are mediated fry the parasympathetic 
nervous system and fry release of dopamine. Addition¬ 
ally; other catecholamines itpirwphnitt and riurepi- 
nephrinc) ire released by high dnses of naloxone w hen 
udministered alter opioids. Apparently; opioid peptides 
modulate the release of oiecbolamuies from die svm- 

p' 

pathetic nervous system by inhibiting their output 

(MutKlIi el al. 1983). 

Since ikrioxcme alw blocks the endogenous inflate 
ligand, p encUinphin, it Iuls been used exivrimentally in 


the clog for reversal of hQrpovokmic shock (Vargish 
al. 1980]- Beta endorphin, which is released during i»r 
following hefnoinrtiagjc shock, ls blocked by naloxone 
flforn interacting w ith opioid receptors present in brain, 
heart. G1 tract, kidney, adrenal glands, and possibly 
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ttfhcr tissues. An IV bolus of naloxone (2 mg/kg) and 
am anFusirm at 2 mg/kg/hr promptly increases systemic 
arterial pressure, left ventricular contractility. and car¬ 
diac output. Ibis dose results in IQO^S survival, 
wl lereas unircaied nt ccwiLml toigs die within VI min¬ 
utes, In canine cndotnxic shoe k, naloxcme also 
improves survival and cardiac performance; this iridi¬ 
cules Ghas endorphin* or opioid receptor* are involved 
in cardiovascular pathophysiology oF cndcrtoslc shock 
t Reynolds et ah LSW43V. 

Since the studies of Varnish d ill. (1980) and 
Reynolds et &L (196l>) cm shuck. it hus been cslablisJied 
unequivocally that: P-endorphin and ACTIi concentra¬ 
tions in Mood increase simultaneously in response to 
stress. Beta endorphin release has n potent arterial 
hypottniWt effect that can be Mocked by natoxone, It 
is also possible that naloxone may erert some of its 
protective effects in shock unrelated to its action as an 
opiate antagonist,. 

Administration of naJoxnne in Ihc dog dearly indi¬ 
cates that it increases myocardial contractile force in a 
dose-deptmleiM manner (CaJTrcy ei ui, 1985k Con¬ 
versely. 

myocardial origi n appear in depress or decrease myo- 
cardial contractile force. The fact that naloxone 


opiate peptides t endorphins) of circulating or 


releases catecholamines. thus increasing I he cufrlrLHliie 

fence of the myocardium, is compatible with the rIhh 

of norepinephrine from sympathetic nerves within the 
myocardium It has been suggested that one of the opi¬ 
oid receptors involved in the myocardium may he 
localized on presynaptic terminals or sympathetic ncu- 
rooi ihiM innervate the myocardium (Godfrey et uL 

1985). Excitation of these receptors in tom inhibits or 

bUicks the release of norepinephrine kind depresses 
myocandi-al contractility, Administration of naloxone 
would compete* by binding Of displacing the op Late 
peptides from the receptor sites; this would then result 

ill immediate retail of fmrepiitephriite and ;ul iitefgiisc 

in mtyoctrdM ccmrtractility. 

In the cat, IV naloxone (8 mgAg/hr) tignifie&ntly 
reduces the plasma myocardial depressant factor 
(MDF) in treatment of hemorrhagic shock (Curtis- and 
Lifer 1980). In addition to deereiiMng MDF, ihIdJU^k 
also lowers euad^ing amino nitrogen conttniralion* 

and plasma calhepsin D. These findings indicate that 
naloxone towers the release of lysosomal enzymes, 
hinders proteolysis., and prevents toxto factor formation 
(MDF and eathepfiin D) during shock. It appears that 
naloxone has a dual protective effect through its non¬ 
specific action as well as Lhrough i Ls so-called specific 
opiate antagonist action. 

NidtiULQltt (2 irig/kg IV dose foltowed by continuous 
infusion of 2 mg/kgibr) has been used in experiment] 
cndiilnxcfnia .1 days postoperative ly in the pig; severe 
metabolic derangement and increased mortality occur 
(Rettman et al. 1984), In Lhe pony p IV naloxone (I 
mg/kg/tir) administered in treatment of endoloxk 
shock failed to prevent hemodyMnuc and biochemical 
all g ia liPM (Moore et al. 1983). These studies differ 

from those that have shown a protective effect uf nalox¬ 


one in the rat, dog. and oL Ibere is a possibility Lhul a 
species variation exists with respect Id the responsive 
effects of naloxone in treatment of shock. It may also 
be possible that higher doses of naloxone are required 
in the pig kind pony before the protective effects of 
naloxone can be achieved. Additional research will he 
necessary to clear up these difference*. 

Other vasoactive substance* (histamine hradykirtiiv 

adenosine, leukoLriencs, and/or prostaglandin releasei 
besides [k-endorphin are involved in shock. Also, the 
buildup of hypaxaiuhiftt and its subsequent conversion 
Co superoxide radicals by MMhine oxidase appear to Ik 1 
pro min e n tly involved in irreversible shock CMcCortJ 

imi 

A disadvantage in use of naloxone fur trealTlterit of 

traumatic shock is its blockade of the p opioid recep- 
tor. which mediates analgesia. Since the & receplura are 
believed to mediate the arterial hypotensive effect* of p 
emUiiphin, a selective 6-receptor antagonist would ide¬ 
ally be a more efficacious approach in treatment of 
painful shock; perhaps a selective antagonist For 8 opi¬ 
oid rocepurrs will eventually be synU h-m^clI Itirditikaj 
OH, 

Another antagonist Lhat appears to have potential 
value in reversing Ihc adverse action of |3 endorphin 
Upon blood pressure is TRH (Zlkigt el al. 1984 k 
Although TRH does not bind to opioid receptors., it h 
referred to us a physiologic opiate antogonish It 
improves survival and reverse* arterial hypotension 
produced by hemorrhagic and endotoxic shock- Syn¬ 
thesis of TKH analogs are now under study For passible 
use in shock therapy. 


Enpocrihb SYSTEM. Curtouriy, naloxone v-uri aker 

expression of the estrogen-induced daily surge signal 
in ovuriectumued ruLs (Sylvester et al. 19801. It 
appears that endogenous opioid peptide* (enkephalins 
OT endorphins) may possibly play a role in modulating 
Steroid regulation of the neural surge signal for 
luteinizing hormone (LHl and follicle-stimulating hoc 

monc. 

Opioid receptor blockade by naloxone elevate* 
senim concentrations. of LH in ruts and human*. The 


sflbet of naloxone mi LH secret tori* is opposite to that 
induced by morphine or exogenous opiate peplides. 
Consequently, naloxone appears to antagonize an inhi¬ 
bition of LH release that is mediated by opioid re cep- 
tors (Blank and Mann 1981). 

Injection of naloxone Into mother rais jus* hefore 
suckling of their pups results in significant inhibition of 
growth hormone (GH I and pmlaclm release tM iki et al. 
1981). Inhibition of prolactin release by naloxone is 
dnse related. These finding* suggest that like suckling 
stimulus induces release of endogenous opiate pep¬ 
tide*, which in turn are involved in release of CiH and 
prolactin. 

In human*, naloxone docs not alter basal GH, pro¬ 
lactin. or TRH release; however, it stimulate* a signifi¬ 
cant elevation in cortisol and gLHkuducropiiis (Itelicalaei 
jL 1981)- Infusion of naloxone increase* the rate and 
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jim piii ijlIi.; of l.H pvilsLLiilily„ Naloxone does not alter 

the pituitary response Is) TRH and lutemiizmg-releaMnip 
humming alimulalign. Elevation gf conisol follnwing 
nuloxunc administration suggests the presence of an 

inhibitory opioid influence upon basal ALTH release 
: I-Ulsi ikL i i 1 1 ,:l liL. I M?W!h KL -i isl s |- 1 -. : 11 1 v . il iippears 

lha.1 ACTH release is under tonic inhibition by an opi- 
old pathway. 

MOTOR Behavioral Effect, In hones, crib biting 
is a repetitive behavioral ehariH.lt rivLic that may 
invol ve activation of opioid and dtiparaine receptor* in 
(heCNS (Dodmait et aL 1987). Ndnane administered 
in IV or IM doses (0.02-0.04 nig/kg)prevent! crib-bit¬ 
ing behavior for 20 niimnes after a single injection. 
Other narcotic aniu^uniscs such as n;d irexooe, naLme- 

fenc, and daprenorphine prevent Ibis, stereotyped 
behav ior for longer periods (Dodman et al_ 1987). 

CUMCAL USE. In. tin: dug and caL one part of ftflJox- 
OK will antagonize mfUitfEMy depresvi™ produced! by 

15 20 part* of oxymurphone (FkbttilEeri 1%6), ‘Tile 
reversal of all actions of oxyifwipliurte. including its 
analgesic effect, occurs when a ratio of 0.4 mg naloxone 

it) | j mg oxyrmwphone is adminisrered- Effect* of mnr- 

phim amli meperidine are reversed by mkwore in a 

lesser degree than those of oxymorphone. Naloxone 
docs not antagonize Ihe anesthetic effect of halothunc 

{Harper el al. 1978). Barbiturates, pfuCuiiie, and Tran¬ 
quil i/CTs also are IttfifltelHl by aaloxonc. No adverse 
reactions in dogs and m* occur when naloxone is used 
with ether, medmyflHnne, pentobarbital, thiamylal, 

procaine. oKymorphofie. morphine. meperidine, or many 
commercially available phenolhiaziire tranquilizer*. 

In the dog, naloxone wil l also adequately reverse the 
fcnLunyl component of droperi do I - ifenUiny I (Pbddlefonl 
and Shun. 9 971). It has no effect in antagonizing the 

action of droperidol However, 4-aminnpyridine (0,5 
mg/kg) adlrmni slered intravenously in combination with 
naloxone (0.04 mg/kg) immediately reverses the actions 

of both drvyperidi.il Lind feiuanyl (Bik>i3i ci al. 1981). 

A number of literature sources stale ihat naloxone 
will reverse the emetic action of apumorphme. a 

dopanioe agonic. Findings by Keith et al. (1981) indi¬ 
cate that naloxone has no therapeutic effect i n reversal 
of apomorph ine-ind need emesis in the dog. 

Naloxone am be administered by all of the par- 
emeral mutes; however. the IV mute is preferred to 

Lirli l iu i mi Mediate effect iViirn I he di ng. Where il is diffi¬ 
cult in locale veins., naloxone can he administered 
intramuscularly al high doses in wild herbivores with¬ 
out Dverdosagcs (Smuts 1975). tn large wild species, 11 
mg naloxone injected intravenously is suflBoenl to 
anlagonize t mg dorphiuc Of GO mg fcntany l. Accord¬ 
ing to Smuts, naloxone compares favorably with 

diprenorphine, the antagonist used to reverse action of 
etnrphine; e.g., in the young adult elephant, 90 mg 
naloxone intiuverioush is sufficient to antagonize 8 mg 
etorphim- used in combination with various tranquiliz- 
ing agents. 


Respiratory depressant effects of overdosages of 
oxymorphone in dugs and eats can he reversed with a 
ratio of 0.1 mg naloxone tn 1.5 mg oxymorptwnc 
(Palminten 1966). If the narcotic antagonist is admin¬ 
istered intramuscularly nr subcutaiKously, onset of 
ftCtkm occurs in 1-5 minutes; iutnivenOMly, onset is 
immediate and tern 1-2 hours. 

In reversal of narcotic effects of morphine and fen- 
lam I in the clog, OjDIA-ft.l mg/0.45 kg naloxone is 
used intravenously (PuddJcftird and Short 1973). Unis 
quantity of naloxone antagonizes effects of 0J024.0J 
mg/ti 4fl kg fenlanyl administered intramuscularly and 
0.01 ing/0.45 kg feiiLaiiyl administered intravenously. 
This same quantity of naloxone antagonizes the effect 
of 0.5 mg/0.45 kg mocphlae intravenciuily, 

The parenteral dcue of naloxone approved hy ihc 

FDA For the dog h 0.04 mg/kg When the drug ii 

administered intravenously,, this dosage may be 
repeated at 2- Co 5-mi.itule intervals- to produce the 
desired effect. 

hfcduxane is available in aaocfltmkia of 0.02, 

0.04. or 1 iiig/rnL. 

p|prrmir|dtim a HyAvdlorlde. Chemically, diprenw- 
phine hyiirochlnridc tNornripavinc, Cyprennrphinc. M- 
285. M50-50. Rcvivon) is iV^cyelopropylmelliyl)* 

6,7 J, 1 4 -tetrahydro-7-ti-( I -hydroxy-1 -mctiiylethylf-b. 
lA-endo-ellikinjtii-ntipjripa hydrochloride (l J lg. 13.7). 
DipreiKirphinc -ill double lire dnsage of eturphiire is 

cqHHe of completely reversing the iretion of eiorphine 
in wild animals (Alford et al. 1974). Diprem’irphine (2 
mg/ml ,) was approved by the FDA in 1973 for km in 

wild and exotic animab to specifically reverse the 
efleets ol elorphsne. It is admimistered ynlruvcnously or 
inLrjmuscularly. Diprenorphine must not be used .10 
days before or during the hunting season in free-rang¬ 
ing jurumsJ* ihai mlphi he used IT ht human clkhsu imp- 

lion, The drug is subject to lire Controlled Substances 
Act of 1970 (Schedule II). 

AdmINISTRATION and Dosagf. Friiif IO administra¬ 
tion of diprenorphine, every cmstderalion must he 
given Kp dealing with a fully conSCinut animal in as 

soon as a few seconds up to 4 minute* after IV injee- 
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tkm. Consequently, a safe place should he avail able to 
avoid attack* by wild animals upon recovery from 
eLurphine. 

Most consistent results arc obtained when an ctour- 

pw He todiprenevphine ratioof 1:2 is used (i.e., i mg of 

etorphinc is antagonized by 2 mg ol diprenorphinel. 
Reversal of narcotic effects of etorphinc is obtained by 
3 V adminLtfriilKKn of either diprenurphine or iuIcuok. 
Residual narcosis after adrtldntacraiiion of dipitnorpibine 
is less than that from nalorphine [Alford cl al. 1974). If 
dipreinorpliirie is administered intramuscularly to 
reverse the effect of etorphine. 5—20 minutes may he 
required before CNS depressant effects are reversed. 

In horses, diprenurrphine (0,02 0.03 rng/kg imra 

muacularljr) prevents crib biting in hones for 4 hours or 
more (Dodman el al. (947). OLhemarcoUc antagonists 
(iaakvsone K n nitre Kone* iwlmd-ene, TRIi) also prevent 

this stereotypic behavioral effect in horses, 

Diprcnorphine (3D jig/lg) is also recommended 

intravenously for reversal of effects of elorptune (22 
pg/kg) when employed in eombimition with accpnv 
muizane for immobilization of the horse (Jenkins 1972), 
Diprenurphine rapidly reverses immobilizing 

of Morphine om^J in combination with acepromazirw in 
the:camel; complete recovery occurs 1,54 minutes fol¬ 
lowing IV adminkt ration (Sdtdl and Nnwmuzian 
1977). IV use of difwennrphifie for reversal of the 
immobilizing effects of etorphine is usually followed 
by rapid recovery in most animal specie*. 



LevtHorpJiati Tartrate, Lrv&llorphan Tartrate USP 

(I jjirfu.nK acts as an anragimi^ during GNS action nt 

opiate and related analgesics. The CNS effects of these 
c om pounds are antagonized or reversed by levalLur- 
phan; however if it is administered m the absence of 
opiate-derivative jimilgesics, it usually induces respira¬ 
tory depression. Consequently, the partial agonist char¬ 
acteristics of the drug are seen. 

ijevallkirphan is ineffective in antagonizing respira¬ 
tory depressant actions of anesthetics. barbiturates. or 
nonnarcotic drugs and may even increase the respira¬ 
tory and CNS depressant cflccCs of Lhese drug classes-. 

IV adiliiiiLsCnatiuiii of kYlUorptafl (0.022 mg/kg.l has 
btsen used to relieve or prevent (he excitable effects «f 
morphine in the horse (Klauano 1975), 

Ndtrexune. JMkiiw LNN (Itaxlti),, is a Jl. K. and 
>5 opioid receptor antagonist (Hailey and Stanley 1994), 
It has been used experimentally for prevention of crib 

biting, an aberrant behavioral pattern in horses iDnd- 

imn ci al. 1987). A single IV dtoe of 0.4 mg/fcg nitl- 

trexone prevents biting fur 6 hours after administration. 

Nalmefene. Nalme/ew. INN (previously named nul 
rnetrenel, is an opioid receptor antagonist similar to 

itid ifexime, with greater preference for |i receptors than 

for k or & receptors (Michel et al. I9ft8). Nalmefcne is 
also effective in preventing crib baling in horses for 4 

hours or mure in m IV nr IM dose of 0.08 mg/kg 

(Dodman el al. 1987). The stereotyped biting can be 


presented completely by nalmefcne for up to 3 week by 
continuous IV admimsEralaon ol 5-10 mg/kg/hr; crib 
biting resumes when the infusion is supped 
Other narcotic antagon ists (naloionc, dipcennrphi ik\ 
TRH ) will also interrupt lm’ prevent crib hiring hehav ior 
in horses. Use of narcotic antagonists in Ihe meurophar- 
macologic management of other stereotypies in the 
horse and other spcricS, has potential value. According 
■O Doditlinl el id. (1987). captive animals in zoos are 
potential sources of investigational material because 
pacing and other forms of repetitive behavior as a result 
of boredom or stress are commonly observed. 


OPIOID PARTIAL AGONISTS 

Ituprcnorphinc Hydrochloride. Buprentyrpfiine 
thdmcfrioride. USP (BllprefKx), is a partial agonist 
with a very high affinity few the |i opioid nccptnf hut 
□oily partial activity. It is a I he fount 1 derivative with a 
Stoteture similar to morphine hut has a lower abuse 

potentiiil and i§. classed as a Schedule V drug It is 
highly lipophilic bat is dow tu associate aiul dissociate 
from opioid receptors. This results in a slow onset and 
long duration of action (Bailey and Stanley I1W4). The 
elimination half-life, total body clearance, and stea dy - 
slate Vd are 2.8 hours, 23.2 ndimiii/kg and 4.2 LTkg. 
respectively, in the rat (Ohtani et ad. 1994). In the dug 
it is metabolized primarily by glucLinniidaLi-nn. and the 
principal metabolite, huprcnorphinc glucurontde, is 

eliminated almost completely ( 92 %) in the bile (Garrett 

and Chandran 1990), tt is commonly used for postop¬ 
erative analgesia because of its long duration of ad ion 
and minimi adverse side effects Buprenorphtihe is 
also often used for analgesia in laboratory auimaK The 
doses (in mg/kg IV. IM, or SC) for various cpecies arc 
as follows: dog and cat. 0.01-0.0(2: ruminant and 

swine. 0,005-0,0 li: rut and mouse* 0.1 - li: ruhbiL gu i nea 
pig, nnd hamsier. 0,05: and horse, 0,01-0.02, The usual 

dosing interval is ft-12 hours. 

Jr-jmudrd. Tftittiilil/jl Ww/nw frittriiJr, USP IL 111 milk is 

a new compound, und its exact mechanism of action is 
unclciu. Et appears to be a partial u agoni-4. Et exhibits 
very little respiratory depression and abu>e potential. An 
additional analgesia mechanism may bnolve inhibition 

of reuprakc of niwpincphrine and serotonin (Ma cl al, 

1992; Driesscn and Reimann 1992: Kayser ei al. 19921. 

I.int? et id. (19ftl ) described iu hkitransfomniitMin anil 
cwn-UK-rt in se^TLil -y* ci: -. J hr .bu;: i -. x %11 

when administered orally and h metabolized via 
cfemethylation follnrwed by conjugation, The meuboliies 
are ocreted primarily in the urine. Tramadol is- metabo¬ 
lized more rapidly in animals Ih.ui in humans. 

opiom agonist-ai^agonists 

Nutbutibim 1 ilydrochbriide. Nalbuphine Hydmdhio- 
ridir, U5i>P (Nuhain), Ls a semisynthetic cjpioidl w ith a 
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■truclure simitar to os.ymnrphone. ll ih uni agomsi- 
anlagonisi that acts primarily as an imtagomst nl j x 

rceeptms and uh in agonist il K receptors. "This results 
in limned analgesia as well ns limited rcspiratory 
depression. U is metaboliced by Lhe liver.. Nalbuphine 
produces minimal eardioviiscukij changes, leading 10 

its use in human medicine as mi analgesia fm patients 
with hetit disease and as a reversal agent for the respi¬ 
ratory depression associated with opioid agonist 
adrulnhtral ion (Stoelting 1991). Its use In veterinary 

medicine has been somewhat limited. Nalbuphine has 
been shown to produce visceral analgesia in cals 
(Sawyer and Rech I987|. 

Fenta/ucine Lactate. In lhe starch for antagonists 

wilh a bcnromorpiiaa structure, pentazocine I acute 

(IkJwin-V) emerged m an analgesic with few side 
eft eels. ConrwquedlJy,, it received considerable alien- 
lion for use in humans because of Lis potential as a nun- 
addkting and effective analgesic. However, addictive 
characteri^ies. were uncovered (Iran dictated placement 
of pcntuzocine cm Lhe Schedule IV list in 1979. 

Chemical I y, pentazocine is Z'-hydrnay^.Q- 
di met h yl - 2-(3,3- dimethyla I iy I )-6,7- be nzo morphan 
(Fig. 13-8 3, Each mi Mil her of the commercially avail¬ 
able preparation contains 30 mg peniazocine. tire FDA 
lias approved its use in lhe home: in 1982, pentazocine 

was approved for use in the dng r 

PhaRMACOLOO lc CONSiDEiKATlON5. The pharmaco¬ 
logic dtinKterisEiOi of pentazocine arc quite simitar tn 

those of ihe opiate compounds. Consequently, the pnn- 
cipal efTccts of the analgesic agent are upon the CJSiS 
and smooth muscle. Tim analgesic potency is approxi¬ 
mately one-half lo one-fourth lhat of morphine and is 
aboul live times that of meperidine. Pentazocine is an 
agonisl-antagonist. with tLs primary ugcmisL effect at 
the K receptors and weak antagonist activity at the [\ 

receptors (Bailey and Stanley 1994). 


FATE AW© MeTABOUSM. The kinetics of disappear¬ 
ance of pentii/LPcinc from plasma following an IM 
injection of 3 mg/kg have been determined in ponies, 
goats, swine, dogs, anti cats (Davis and Sturm 1.970k 

This dose of pentazocine is higher than that employed 

iu humans (k. 04 mg/kg). However, according. to 

Davis and Siunn. lhe dosage used in their studies was 


TABLE 03.6—Kinclk constants fur disappearance 
of pe ntazucinf from blood plasma or domesticated 
animals 


SfWCKfl 

c. 

a 

K'rf 

V'd 


img/L 1 

(otto 1 

{hr'y 

iUkgi 

Pnnip 

039 

97,1 

0X071 

5.m 

Goals 

0.52 

5L0 

0.0134 

5.77 

55w ! i.ne 

M3 

4-H.6 

CI.CH 4-3 

4.76 

Dogs 

0.15 

22. L 

0.0313 

3.66 

Csris 

1.0@ 

K34 

(kCiriK) 

2.7K 


Sourer;. Uuvih anU Stunti 1970. 

Note: f" m. pla-.rr.Li HHiL'cnlnJkifi ul drug art /u ts► lime; 

r |i7 ■ plasma half-life; K'd * jipp.ir.ni firM-onkr diwippenr- 

urice rjIt" L-uiisCunl; V'cl = iippuivnl Mperifk: volunni! rtf cfislri 

buckm uf drug. 


considerably below lhe amount reported to induce 
tonic effect* in animals, With exception of lhe dogs, 
disappearance of penlazocine from plasma follow* 

firsL-sindkr kinetics. The peak plasma cumenlration^ 

after its administration occur at 15 minutes in dogs.. 
goals, and swine; al 30 minutes in ponies;. and. al I hour 
in car-. (Davis and Sturm 1970). The plasma half-life 
values range from 22 minute* in dogs to 97 minute* in 
ponies (sec Table 33.6). 

Al ter IV injctincHi. pentazocine 11 ragfleg) distributes 
widely in the lime l V"d = 5.7 L/kg) and binds. (80%) 
extensively 10 plasma protein* (Tbhkn and Miller 1979). 
Pentazocine has a relatively slow distribution in the 
horse. The o phase half-tinte is 21 minutes and the |i 
phase half-time is about 138 minutes. Following an IM 
injection of 0.66 mg/kg pealazoctne. peak plasma lev¬ 


els are attained in about 30 minute* (Tobin anti Miller 
1979). 

In humans, tlw plasma half-life of peratazoeine is 
about 2 hours- after IV (20-25 mg/70 kg) or IM (45 
mg/70 kg) administration i Bcrkowiitz 1971). The peak 
analgesic effect occurs between 30 and 60 minutes 
alter in IM dose and lasts 2-3 hour*. I lie plasma half- 
life of peiihmxriiie and duration of action in human 
arc longer than in domestic animals. 

Pentazocine is metabolized in humans to a targe 

degree with little of the unchanged (<59&) or parent 
compound appearing in the urine. The fate of penta¬ 
zocine is probably quite similar lo that of morphine and 

iis derivatives. Its conjugation with glucurmk acid and 
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encRtion as a gLueuruti ide have been established, Trice 
amounts of pentazocine and its DHUlloIit^ can be 
delected in urine for several days after a single admin- 
iUndiM of the drug. 

I it ihf horse, about .¥Kfr of a dote of pentazocine is 
eliminated in urine as a giucuronidc meubohie (Tahiti 
et *|. 1979), When urine ek analyzed for this metabolite, 
petit; &0£i IK can he detected for up io 5 days after 

aiiministration. 

Pentazocine crowet otic placenLu less readily than 
meperidine (Mirk in 1975). Fetal Wood cudticffllfttiOAS 
of pentazoeinc/mL are attained in liumans al G0*¥ inf 
those observed in male mall blood. 

Clinical Us fc. Pentazocine has been restricted pri¬ 
marily U» pr* 4 inesilKl ie medication because of its lack 
of profound sedation in animals. According lo Soma 
(1971), use of pentazocine for ptistaflalgesic effect in 
hoih small-animal and equine anesthesia is inconclu¬ 
sive, Sonia, suggested an IM dose of pentazocinc in the 
dog of 1,5-3 mg/kg. However, findings suggest penta¬ 
zocine is unlikely to induce adverse -dde effects ill (tofS 
when administered iflirajnu&cullriy M 3 th?W of 2 
mg/kg (Cooper and Organ 1977), 

The FDA-approved dose of pentazoc ine i n the dog is 

1.65-3.3 mg/kg: it is approved for IM use only. 

According to Miner mi Immxo (1984.), this dosage 
produces analgesia for 3 hours in the dog. 

fn ihc eat, pentazocine (2.2—3.3 mgfleg by the SC. 
IM, or IV route) has been used for eLs analgesic ilctiOtfl 
(Wright et al. 1985). For inducing umlgesm in labora- 
Lory animals. j| is u*cd us folli iw *: mouse. SC dose of 

10 mgikg; fill. SC dose of 10 m gfkg: rabbit,. SC or IM 

due of 2-4 mg/kg 

In the bouse. Soma f 1^71) indicated Him the total IV 
dose of pentazocine in 20CM00 mg. Doses of 6-10 

mg/kg in the dog (presumably via the IM route) produce 
tremors and convulsions raniniseeni of moiphine-like 
compounds (Soma 1971). Side effect* iare also observed 
in the pony when 2-2 4.4 mg/kg pentazocine are admin¬ 
istered intravenously nr EntramuKularly l Lowe 19691. 
‘Hie side effects coastal of iiKwrdiuMlno, muscular 
imhun, hypertwmeity of musdes, and hypervensitivsiy 
io noise, In one trial, a dose of 3 mgfleg by the IM route 
caused the animal to fall backward to the floor; ii pad- 
died its feel m the lateral recumbent position and in a 
few seconds returned to the standing position. 

The analgesic act inn of pentazocine in ihe pony pro¬ 
vides u more prolonged uW consistent effect ihim 
jneperidiiK; duration of mulgcsfe for pentazocine is 48 
minutes, and for meperidine it is 21 minutes (Lowe 
1969}, An IV dose of penUizucine (0.55-1.1 ingAg) 
produces analges-ia lusting 10-20 minules; an IM or IV 
dose of l .65-2.2 mg/kg pndmH llti analgesic effect 
varying from L5 to 60 minutes (Lowe 1969). 

Pentazocine is used for control of pain caused by 
Mlic in bum. The drug is slowly pdminjsiered intrs- 

veiii inisIv iii 0.33 mgAg. A second douc in Ihc same 
amount is recommended intramuscularly 10—15 min¬ 
utes alter the first. Use of pentazocine ill hones SUfch 


jeeurd in experimentally induced colic indicates that 
sylazine is a mure effective analgesic (Lowe 1978), 
Pentazocine has also been used in confined Of) with 
Cloropetu and accpramozine for treatment of wounds 

in horses, Forpraanesthetic use in horses, an IV dose of 
0.9 mg/kg peotazodiK is rwommended (Muir et al. 
1978). Et must mot he used in horses intended fnr human 
consumption. 

In the clinical evaluation of peuLazcicine and meperi¬ 
dine for relief of postopersitiwe pain, a blind study was 
conducted in the dog by Short et al. (1971). It was con- 
cl uded lhal meperidine was mire effective than penta¬ 
zocine for surgery of the extremities and ihorAJL 
w hereas pentazocine was mom effective fur ocular sur¬ 
gery. In the case of both pentazocine and meperidine, 
relief of pain varied mat in obiunding moderate pain, 
but both drugs were comparable in relief of severe pain 
(Short et al. 1971). 


Buturylikuiul Tartrate. Bwofpwflwi Jarttme, USP 

(Torhugexic, TbfbutruL 5tatM) P is a eentral-acling 
linjilgcsie with both agonisl and antagonist properties. 
It is a morphinan derivative and is chemically 
/-.V-cyeiobutylm«th)T-6. Ktap-dlhjdfoxy-1,2.3.9,10, 
I Oci-hevahy dro- (4W) 10.. 4o-lm i no-et lunopiienan - 


threnc tartrate. The molecular formula is C, H^NO. ■ 

C, HA- 

0uti.uphanol is un agonist-Mrilagcanist with affinity 
for both the JJ. and icopioid rcceptoni. Its, primary effect 
al ihc p receptor is as an antagonist, and at the t recep¬ 
tor as. in aflHjRf. 

BufinrptunoE has narcotic antagonise arliviVy equiva¬ 
lent to that of nalorphine, 30 limits that of pentazocine* 
and one-fortieth that of naloxone. As. sin analgesic, it is 
eoftsidered to be 4-7 times more potent than morphine, 
20 times greater chan pentazocine, and 40 times greater 
thiin mcperidhite (Pireio uc al. I976 l Varulam 1980), 
However, these relative polcinies must be evaluated hi 
light of the ceiling effect of the agonist-anCagunisLs. In 


addition to its analgesic action, buLorphanol is- a poleiM 
cough suppressam; of muiiussivc agciir, 

In 1982. iL wa.s. approved by the FDA for antitus- 
ii ve u.-se in the dog. BuLorphanol was later approved as 
an analgesic for equine use. I t is classified as a Sched¬ 
ule IV drug under the 1970 Controlled Substances 


Act. 


Pit A R H A t' Ofl.(.Xj I.C CONSI Ut: RATIONS. In the horxe. 
the anaLjtesk" eflFectf htiloipllaiiiil me diihc rclaEcd, 

with a duriEion of analgesia ranging from 15 to 90 min¬ 
utes (Kalpravidh et al, 1984*), An IV dose of ft,2 mg/kg 
appears tu piidiiec optimal analgesia in the hone. 
I Although side effects such as rcsilcssness,, aLuxia, and 
shivering occur at this iL^sagc, the eovnhiualion of 
butorphami] with a sedative may he helpful in mini¬ 
mizing them (Ksilpravidh ei al. 1984a). ComNititjcms 

CH'mtaining hutorphauol for use in the horse include 
xyLazine Cl.6h mgAcg IV with huiorphauul t.1.(13 mg/kg 
IV or detcsmidine 2.5-5 IV with ki(L?rphiLmil| 

0.03 mg/kg IV (Muir 1991). 
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When IxiMphaiwI is administered to bnhtiy hordes 
in IV of (HI, 0,2. and 0,4 mg/kg, no significant 

jlccruriofL in heart rate, djflMQlic aortic pressure, dias¬ 
tolic pulmoiwy anerial pressure, or cardiac output 

occurs; however, the systolic mienaI pressure signifi¬ 
cantly increases only in the horses given the 0.2 mg/kg 
dose (Robertson ct al. 1981). Minimul effects upon car- 
(fiopylrmcifiary functions also have been observed in the 
dog, after iv dnscs of O.l and 0.4 mg/kg butnrphanol 
(Trim 1983)-According to Trim, the sedative effect qf 
feulorphuno! resembles Lhc sedation produced by 
equipment doses of meperidine and pentazocine. 

In ponies subjected to tikpcrimcnkil paid as induced 
by superficial and visceral stimuli, butarphanril (0.22 

mgJkg intramuscularly) hies been compared with the 

analgesic snd behavioral effects of IM doses, of fl unis in 
(2.2 mg/kg), levocphanol (0.033 mg/kg). morphine 
(ft 66 mg/kg), and syla/ine (2-2 mg/kg) i Katpruvidh et 
al. 19B4lb). Intents tingly, aylazine produces lhc best 
■analgesia; analgesic etlccts for superficial unci visceral, 
pain persist 3 and 4 hnurs respectively. Rutorphanol is 
the nes.t best drug iifler xyliudnc in obtundmja visceral 
pain; its duration of effect for 4 hours is simitar to that 
of \yta/,ine in lire horse. FLunixin. as anticipated, has no 

effect upon experimentally induced pain. Since flu- 
nixJdL, like aspirin,, inhibits biosynthesis- of 
prosLagtandiie in inflamed tissue to prevent superficial! 
pain pereepiaon,, ii js more effective in blocking pain 
from pathologic origins. I jcvorphanol does not produce 
analgesia lor superficial pain; moderate analgesia Ibr 
visceral pain lasts for at least 4 hours. Morphine pro¬ 
duces good analgesia for pain suprrlidally induced fur 
30 minutes; a slight analgesic effect for visceral pain 
lists for 60 minutes. Molar effects £ restlessness as 

exhibited by pacing, pawing, body swinging* and/or 

bead shaking) are produced by butorplwiol. lew* 
phamL, and morphine (Kilpiwidh ct a], 19841b \ They 
<h> runt occur with sytiuiine nr flunixin. 

Muir and Robertson (|9R5) also observed lhat 
tylflzuK (1.1 .mg/kg intravenously I produces the most 
pronounced visceral analgesia in the ht»rseL it lasls 
about 90 minutes. This is shorter than ihe 4 hours 


reported by Katpravidh ct al (19841ft These differ¬ 
ences arc probably related to the dose of xylizine 

.administered as well as to IV versus (M mlministraiion. 

According to Muir and Robertson (1985), frutnrphanol 
(0.2 mg/kg intravenously) is the best aFler xylazinc for 
ili uuJgesic effect (60 minutes) upon visceral pain. 
This is followed by meperidine (I mg/kg intrii- 
venmuidy) ;mhJ pentazocine (0-99 mg/kg iocravenoasly) 
with a duration of analgesia for 30-35 minutes,. 

In small animats bucorphonol is often used as part of 
a preajwsLheLie regimen, with or w ithuut a tranquilizer, 
and to control mild lo itAdertte pain. TTm dose usual 
ranges, from t). I to 0.4 mg/kg and can be given SC, IM, 
or IV. If would .appear that the analgesia Easts longer in 
the cat than in the dog (Hoag pod 190ft Sawyer ct al 
1991). One advantage of the use of butnrphanol in cats 
is its lick of an eidialory effect. Large doses of butor- 
phanoL mfusioni of 0.1 -0,2 mg/kg/min* resulted in 


genera]]y inadequate anesthesia and profound canUo- 
v^alar depfwskifi in dogs (Sedeiberg et al. 1981b 
Rutorphanol can also he administered orally to small 
animals: the dose h 0,5- 

(Tranquiltj ci al. 1989). 

SC dnses of hulorphanol Co induce analgesia in the 
mouse and raL are 5.4 and 23.3 mg/kg respectively 
(Flcckncll 19K4). 

In humane, it is recommended that the dose of 
hulorphanol be reduced when administered simulLane- 
uusly with pheitulhia^inc tranquilizers or other CNS 
depressants. 

Much more ptiarmutokigic* lyjikuklgk, and cliitkal 
data are needed to determine the efficacy and safety of 
hutorphannl before ac can he approved for analgesic use 
in anamafls. 


IJQ mg/kg 2-3 times daily 


Nalorphine Hydrochloride. N&jjyrphiiU 1 Hyttwhlo* 
ride, LISP {.■V-allyLnormorphine T Nalline, Leihidnuic k 
is a morphine derivative in which an jV mcihyt group 
has been replaced w ith an V-aJlyl group. Although 
nalnrphinc is a partial agonist, it antagonizes many of 
the reactions of morphine and its congeners. 


ADMINISTRATION. Nalorphine is available as a liquid 
(5 mg/mL) and is subject to Die CoutroDed Suktancts 
Act uf 1970 as u Schedule III drug. It h injected by the 
SC, IM, or IV rcMatc; however, the IV route is preferred 
to attain immediate effect of the drug. Nalorphine has 
been approved by the FDA fur use in the dog. 

ABSOfd'TJKJN AND Fjfflt NidorpEiine is relatively 

ineffective after drul adminivinition but is pruunpEly 
absLrrbed alter SL" nr IM aiijecLtnn. RnUrunsfnrmuLinn 

o-f nalorphine probably is. quite similar m that of mor¬ 
phine because it is also conjugaled by liver tissue The 

duration uf action of nalorphine appears to he briefer 
chan morphine. 

Action, During the action or effect of narcotics, 

nalurplHiie usually \tci& a-s a nareulk aitlagonisi, How¬ 
ever, in their absence, nalorphine acts like a narcotic 
and may produce CNS depression and analgesia a^ a 
result ut iLs partial agunisL activity Now thill mdOMme 
is avaitable, there iv practically no justification for use 
of paniat agonists such as nalorphine and leva! 1 orphan. 
Nalorphine docs not antagonize mild respiratory 
depression and may actually aggravate iL Very large 
doses will paralyze respiration in the dug. hut lower 
dosage* have liicle effect. Nalorphine is not consti pa- 
live in lhc dog as morphine is. [t has little effect upon 
Ihe cardiovascular system. 

The mosE pnmiiiiienL antaguaiist action uf nalrurphiiiPt; 

in pio-rnlmg 01 rcln virii' I 1 . |hl ;iI iL-sjnraloiy ilcpie* 

sanl activity of morphine ;imJ all its denvaiives, [meperi¬ 
dine, and fenianyl. The analgesic and narcotic actions 
of dieEhylLhiambulene are terminated by an IV injec¬ 
tion of nalorphine. It is ineffective against respiratory 

depression of barbiturates, and ifitudaiii anesthetics. 
Nalorphine may increase respiratory depressant effcels 
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Lrfi numnareiniic t NS depressants. Ii dries run antagLV 

, a nnnnarmlic analgesic. 

DOSAGE. One milligram nalorphine is recommended 
for every 10 mg morphine or 20 mg mejperkliine ftsr 

reversal of narcotic effects. For reversal of the effects 
of Morph he,. a ratio of 10-20 mg nalorphine to 1 mg 

etorphane is required ( Alford ci aL. 1974). The IV route 
is recommended for administration. 

The FDA-approved close of nalorphine in the dcsg is 
0.44 mg/kg by the IV. IM, or SC muie. 

TcJSiniV. Nalorphine appears to possess about the 
same luxicily as morphine hue provides less relief from 

pain. The SC injection of 11-22 mg/kg iri the dog pro¬ 
duces little analgesia. 

Caution should he observed <o ensure proper dosage 
of nalorphine. If Lhe first dose fails to reverse or antag¬ 
onize opioid-type agents, additional doses are eon- 
traindkaicd. in the event of an ovenkwage of nakir- 
phinc. respiratory supportive measures must be 
instituted, ideluding establishment of a paiL.ru airway 
and QKjgcn administration. Although no dtzda seem to 
he available, the partial agonist activity of nalorphine 
should! be antagonized by naloxone; 

OPIOIDS ANIJ SPINAL ANALGESIA, Opioids 
can he administered m lhe epidural or intrathecal space 
in an attempt to provide analgesia while minimizing 
lhe adverse effects typically seen wilh ttpioidfcs. When 
administered in this manner, they interact with opioid 
receptors within the spinal cord as well as having some 
systemic effects, ihe degree of systemic effect seen is 
a result of lhe lipuphilicity of Ihe opioid used. Epidural 
of intrathecal use of the more lipophilic igemLi has lim¬ 
ited advantage over' systemic UW heeau\t: the Vascular 
uptake of a spinally administered drug is such lhal sig- 
nificant systemic effects are seen; Ihe dose required is 
often similar m the systemic dose; and the shnri dura- 

liEtm of actions necessitate* frequenl redosing or conlin- 

udus infusion (Rawal 1993). The more lipophilic 

agents, such as fenlunyh have a rapid effect bul a short 
dunHon of act™. I^c** lipophilic agents (e,g n mor¬ 
phine) for cxunpla, have a slower onset bui a much 

longer duration. The major difference between ihe 

epidural and intrathecal routes is dose. There is a 1:1-0 

to 1 ;20 ratio in the dose of morphine For Lhe intrathecal 

route VGfBUi (he epidural route. In dogs 0.11 mg/kg of 
morphine administered epidural ly gives 6 hfturs oE 

analgesia (Branson et aL 1993). Epidural hupreuur- 

phi.ni; <0-00! mg/k|) has also been administered to 

dogs and eats for analgesia. Epidural morphine (fl. 11 

mg/kg) has been used to control abdominal pain in 

horses. 


OPIOIDS AND PERIPHERAL ANALGESIA, Opi¬ 
oid receptor* have been demonstrated on primary 
afferent nerve libers, bvL their function has not been 


nize the effects of xvlarint 


Lkiermined (Fields ei al. 19801. Recent evidence indi¬ 
cates they may rnoduljte pain Iransmission via p and £ 
rectors, especially when inflaiiniialitin is- present 
(Stein ct al. 198£: Juris el al. 19817). 
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In the 19301, phenothinzine derivatives. (chkirpm- 
mazine. promazine, an d others) were introduced an to 
clinical veterinary medkiae as uUiractacs (triuiquihz- 
cr*), Their dunmn coined the term MMfUpiics to 

indicate that their most pmmincnl pharinrcuEivgk 
rflects air on certain function* of the central nervous 



Neuroleptic drugs of major importance in veterinary 
medicine are the pheutbiubH, CL-MtftfKf^C IgO 
nisls, and benzodiazepines. RutynrphcmaM;* w used 
infrequently hi veterinary medicine. Sec previous edi- 
non* of tfaii hoot for 3i review of the ptuirmaeokigy and 
clinical use of tranquilizers and relabel agents duH are 
now rarely or no fcnngcr used in veterinary medicine. 


PQENOIHEAZENE DERIVATIVES 

The Ikpunine Rewptmv J\k principal otitnl activ¬ 
ity of the phenodiiazinc tranquiiizers is blockade nf the 
effects of dopamine, a catccholomi nc (.’NS neurrrtrans- 


niilter Dopamine is believed m have primarily 
inhibitory activity in the bruin, with the greater con- 
tcnlmlionv in the basal ganglia and the limbic system. 
A deficiency off dopamine within the basal ganglia has 
heen shown m be associated with a definite dysfunction 
of this ncumimjiomicii] lyitem, t the Pitrkitistmiaii 
syndrome in human-s and catalepsy in exjKfiilKflt&l 
animals | Hnmvkicwiez 3973 k 

DopadtidC aorta its cffccCi through interaction with 
specific reception located M lhe neuronal membrane 
surface. PtotryDiptk neuronal dopamine teoepion 

have been described, hut [here ts evident Hggeftitg 
that presy nuptial dopamine -receptors may jlIms exist, 
Dopamine receptors are included in lhe family of C- 
protein-couplcd icceptm l>opamine acts « a fifTi 
norfl^rr by idlUlim with the receptor proteins of 
Lhe poHlsynuplic membrane. This interaction resulLs in 
LrausduL-Lion cif the si£ihji| hy 41 guanine nueleotide- 

hindinp regulatory protein (G protein) U'Nin appropriate 

intracellular rffedff sys-iem, or mtSSGIftt 

Throe nutfor type* Of second messengers have been 

described in the CNS: adenylyl (eptic AMP)., 

guanylyl cyda.se, and phospholipid hydrolpii 
Cetcosanoid) s-y sleins if Cooper et al. 1991). 

U was originally believed that stimulation ol udeny- 

llyl cyclase activity was Lhe principal effect of 

dopamine. However, inUbftkn of 4 idk'iiyly] cyclase 
activity has a I sl> been detnonalnled with some 
dopaminergic agonists. This led to the initial riliito- 
Lion of dopamine receptors into sublypes D and D % . 
Intemkm with Lhe Baroceptor subtype stimulates 
adenylyl cyclase activity and increases intracellular 
levels of cyclic AMP; ififtenction with the D, receptor 
subtype inhibits adenylyl cyrtaae activity At promt 
five mammalian dopamine receptor subtypes have been 
described add classified into D 8 and D, of 

dopamine receptors (Lachovki and Sibley 1997). 

Based on hyLlfupjiiliy tudyrit the dopamine recep¬ 
tor has been described struciurally as seven hydftjphu- 
bic dL»flIuun^ that ftntnc the plasma membrane. The 
amino acids in tbc>e domlitt are hdkved to be in an 
a-kdkaJ CMflgunlion. Tine D p -nccptor subfamily has 
a relatively small [bird eyioplmsmic bmp, whkti h coo- 
vi^Lcnt with slimulalory G-prorein-^ssoci^tcd ftfcfiplnrs-. 
Ibe D. receptor snblamily has large third eybnptasimu 
\wfp- -and slifort carbonyl knnini, which are charjcler- 
is[ie off inhibimry O-pfOlcltMUCPCilTOd receptors 
(Strader ei al. 1989; Dohlinaii <n d, IWI K 
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The D, subfamily includes the traditional D, subtype 

(also referred in as D h l and the D. receptor (also 

referred to ** die D IM receptor]. Both the D, and D, 
receptor* bind dopamineirgic agonist* arid antagonists 
with similar affinity but differ in primary amino add 
sequence and naatorrikal ditfribuiiori (Liuchowkz and 
Sibley 1 1 997). There is a high degree pf structural homol¬ 
ogy between tte D, and D, JD f receptor subeypes, 
although dopamine hinds to ihe D B /D s receptors with a 
five- in lenfold greater affinity dun to the 0 ( receptor 
(Grundy ct al. IWI l Monama et al. 1.99 ]; Sunuharact id. 

1991; Ttberi et al. 1991; Webishuik et al. 1991). 

Hie D, subfamily includes D, -and f> 4 receptor sub- 
types. as’well as the traditional D. reoptor subtype, 
which has teen isolated into short (D a ) and I opt ) 

iwfbniw Cl.achnwie? and Sibley 1997). tn addition to 
adenylyt cyclase inhibition iNeve et al. I9K9J, the D.. 
receptor* potentiate a ■variety oi signal transduction 
pathways, including stimulation of arachldonic acid 
release (Kanlermun et al. IWI k phosphatidyl .inositol 

hydrolysis, and mobilii^tion of calcium (Valin et al. 
190(1), regulation of K' channels (Einhom et, al. 1.900: 

Liu ct ah 1904, 199ft), and suppression of prolactin 
release (AIben ct al. 1090). The D long isofnnn reecp- 
lur contains a 29 amino arid sequence llujl is missing 
from the D. short receptor. The I wo isotontis share sim¬ 
ilar pfiiirmaLokigical profiles and fuunionat abilities. 

although they may act via different G proteins in medi¬ 
ating adenylyl cyclase inhibition (Dal Toso ct al. I9S9; 

Scnoglcs 1994) and regulation of poLassium channels 
(tinhorn et al. 1990; Liu et al. 1994, 199*6). it has been 
suggested that the 29 amino add sequence may func¬ 
tion to direct ihe isofonn^ along different regulatory 
pathways iLachowicz and Sibley 1997k 
The pharmacological profile of the D, receptor is 
similar to that of the D. receptor (Sukoloff el al. 1990: 

Freed man ct al- 1903: Malmterg et al, 1903; Mackenzie 

ct al. 1994). D - receptor-inediated udenylyl cyclase 
inhibit ion has been reported to he minimal compared lo 
that of the D, receptor (Castro and Strange L093; 
Scdbrouk et ai. 1992; Chits et al. 1493). However, other 
Dj-receptor-medjatcd effects have been identified, and 

it has teen suggested that these effects may be mediated 
by a itcofid-messenger system that has jet to be 
described (Lachowk/ and Sibley 1097). Most 
dopaminergic agonists bind with greater affinity to the 
D, Raptor, whereas roost antagonists bind with greater 
affinity to ihe D, receptor (SokulwPF el al. 1990,IMS). 

Bind ing propert ies, of the Raptor resemble those 
of the D_, Raptor, although most dopaminergic ago¬ 
nists am mtogofiati bind to the IX receptor with 

greater affinity than tn the D, receptor (Van Tot ct all. 
1901; O'Malic;, ec al. 1902; Asghari’ ct al. 1904; 
Chabcrt el al. 1994; Tang ct al. 1994). An exception is 
cLnsHJptnc, a highly effective ainipsyehulic drug used! in 
human patients. Glo/apanc is a dopaminergic antago¬ 
nist that binds preferentially lo D t receptor*, with an 
affinity Ihal is about tenfold greater than its affinity for 
D, receptors (Coward 1992). Clozapine is not associ¬ 
ated wilh exlrapyrjmadal effects that may occur with 


it) 

H (»> 

Pfitmihiinne 
FIG. 14 I 


the blockade of D. Raptors in the hasal ganglia 
nuclei. As then appear* to he a greater eoncentration of 
D, receptors in limbic nuclei than in the hasal ganglia 
nuclei, this has led tn the hypothec* that the D. recep¬ 
tor may he the therapeutic target for antipsychotic 
drugs (I jschowic?. and Sibley 1097), 

General Phuonarolagk C'onsiderations, Phc no- 

thismne is the parent compound for all the derivatives 
in this group (Fig. 14.I k Substitution i* made primarily 
in the ptennthfazi lie nucleus art the 2 and 10 posh ions. 

The majority of pharmacologic action di.-scussed far 
phenoLhia/jne* pertain Lo chtorpromazine hydrochlo¬ 
ride- How ev er, the mechanisms of act ion for other phe- 
nuthia^ines are simitar to chtorpromazine except for 
variations primarily referable to potency and duration 
of action. In clinical practice, greater pnteney of a drag 
dues not necessarily imply greater effectiveness. This is 
Lrae of phenoLhiazines because controlled investiga¬ 
tions, have been unable lo show any significant differ¬ 
ence in eflklhaKSfl of these agents when adminis¬ 
tered m equipment doses. 

All pheau-lhiazines exert a sedative action by 
depressi ng the brain stem and connections to the cere¬ 
bral cortex but may vary in potency and duration of 

aclkm. Unlike barbiturates., the sedative effect docs not 

appreciably affect coordinated motor responses, and 

arousal is easily accomplished. If a piperazine structure 
is Li nked to pndlion 10 of the molecule, reduced or no 
sedalive action is observed (as with pncKhlorperazine.i. 

AH phoothiizinet decrease spontaneous motor 
activity in animals, At high doses, cataleptic effects 
may he produced so that animals w ill remain immobile 
in a fixed position for long periods. Fslrapyramidal 
symptoms (rigidity. tremor, akinesia) are also observed 
as prominent side effects of phennchiiizmes an animals 

administered high doses. 

Most phenochiazinc derivatives increase the rate of 
dopamine turnover (i.e. s synthesis and destrueiiun) in the 
brain (Hiimykiewiez 197.1; Miiithyx-^e 1973k Moreover, 
there is iui Increased tuniLiver of anrepinephrine. This 
cfleet may he related to the pntoncy of ihcse compuunds 
m eliciting exLmpynumdal vympum (catalepsy! in sun- 
mals. Chlnrpromazine and oLhet phenmhjaziiKs ihat 
have been observed to produce extrapyramidal symp¬ 
toms also increase the synthesis and destruction of 
dopamine iMaCthysse 1973); chlrnpromajane incicAscs 
the concentration of the dopamine melalHilite 
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homovamllu: acid in the caudate- nucleus of I lie caL und 
rabbil. Conversely; the pmtrty pc phcnolhiazine deriva¬ 
tive. pfiimdihuzine, has aiidNslamink aclrviiy and d.<K* 
not increase (he concentration of hountwanillic at-id sip 
uffed the synthesis ami destmetinn of dopamine, 
rriiiiepruriile tartrate- ii nssiapsyehcaropie phe-noLhiii/.ine. 
produces a flight increase in the dopamine metahohte 
level u ithm the corpus striatum of the rabbit. 

In addiGinn to blockade of the central effect of cate¬ 
cholamines (e.g., dopamine), phenothLa/ines -are known 
to block peripheral action* of catecholamines. Ollur- 
proma/ine and other related compounds can prevent 
and reverse a number of actions of (epinephrine (epi¬ 
nephrine reversal). Since a-adrenergic receptors are 
blocked by dilOirpremii/me anti related derivatives, the 
(^adrenergic receptors arc stimulated by the potent p 
component. of epinephrine; this results in vrsodilAtiun 
and/or arterial hypestenvion and may induce shock like 
ccnvditLons. Administration of qiinephrme is cflltftrindh 
dated whenever phenothdazLiie derivatives are used. 
However, norepinephrine can be used without risk of 
aggravating arterial hypotensive effects of phennih- 
iazines because ckF its weak p-ajonist action compared 
to epinephrine. It has been suggested that the major 
action of the phenuthiazines may be stimulation of p 
receptors (vasodilation) rather than blockade of a 
receptors. However, most phannacolufj^ indicate limit 
phenoLhiajiines block a-adrenergic receptors, which 
then results in vasodilation or hypotension. Regardless 
of mechanism, chlufprxiina/ ine and most other phenotil- 
iazme dcrivatbres -cause arterial hypoteittion. Phenol h- 
iazuiM are conCraindicatetJ in regional (epidural and 

intrathecal) anesthetic procedures hceau*c they pmenii- 
atc the arterial hypotensive effects of local -anesthetics. 

Chlorpromazine and, lo a lesser degree, acepro- 
muine maleate prevent epinephrine-induced venlneu- 
lar fibrillation during use: of hakigemired anesthetic 
(hahuhane, methnxyflurane, and other*) similar io a- 
■drencrgic blocking agents. Chloipromazine has anri- 
dysrhyihmic activity., imply ing that it prate-els the heart 
from the [1 -receplor stimulant effects of epinephrine 
and norepmeptinne. However, the direct depressant 
effect of chlorpromadiK upon Lhe myocardium may he 
the actual mechanism that prevents the dysrhy llirmc 
effects of catecholamines, 

Muf^ite-indiktd hypcrv^cilenicrit and manic behav¬ 
ior in ihe cat am Ite prevented by pretreattnent u ich chlor- 
pnimua» (Dhasnuna et al, 1972). It is believed that 

morphine sulfate enhances release of dopamine in she 
CNSi which in Him stimulates central dopaminergic 

receptors to induce the manic response, Moreover, mor¬ 
phine appear* It? iix-T-uidwr norepiitephrifte iele;i_se f which 
may also result in CNS excitation in the eat. 

Unlike morphine and its derivatives-, the pheno- 
diiazint derivatives have little or no analgesic activity. 
IranquilLciriun must be supplemented with arvalgesdes 
and/or general anesthetics to Hock micqAivc 

responses during painful procedure*. 

Hypothermic effects appear to bt induced by pbc- 
nuthiannes as a result of depletion ol catecholamine 


Mltaanceh Within the hypothalamus, where ihennoreg- 
ulaiion is controlled centrally, 

ChloqprontiiziiK affects pitwitary activity only m 
quaniiiies that exceed those required to induce depres¬ 
sant effects tde Wied 1967). At high closes, chlorpro- 
mazine appear* lo block release of the fnllide-siimu- 
Lating liumimie and luteinizing hormone. Ovulation is 
bloc ked and I he escrows cycle is suppressed. It has been 
shown that dilotprofiiazine, aceproma/ine. and per- 
pheomne increase the plasma level of prolactin in a 
number of species (i.c n rat, sheep, goal, human) 
i Black well et 3>l, 1973). An increase of plasma pro¬ 
lactin can result in galactorrhea Other endocrine 

effects include inhibition of release of the melanocyic- 
smnulaling hormone and antidiureire h l min one and 
inhibition of oxytocin release. 

Hyperglycemia has been observed following admin¬ 
istration of cfilorpromazine and other pheiHUhimrines in 
several species, including humans. I be printripul mech¬ 
anism of pfienothiazinc-evoked hyperglycemia is 
believed io he release ol epinephrine via the adrenal 
medulla: this. in cum mobilizes liver glycogen. Inas- 
much as the relative eflbtlLvcnes* of jihetiLitSiia/incs in 
elevating blood glucose doe% not correlate well w ith 
ihcir capability to stimulate secretion of adrenal caic- 
chotunine, quest inis arise about (he actual meeba- 
UbiiufS> involved. Phennchiazines do indeed elevate 
bliKMl glucose ilirough release of epinephrine from Lhe 
iidrenal medulla because cxtirpaiinn of ihe adrenal 
mcdullue abolishes nr reduces the glycemic resp<in*es. 
However, extra-adlrenal mechanisms are also involved 
and appear tn be more important in the overall effect 
upon blood glucose; e.g., inhibition or blockade of the 
effect ol insulin is u mujor fuel or in detennining the 
degree of hyperglycemic effect produced by ecrUin 
pfietioihtUiriito fProiikis and BnrnwiEK 1974). 

rhliwpromazine and other phenuthiazincs have a 
poralyzJng action upon skcleLal in us elf similar to that 
produced by rf-tuHicLiruTirie. ChloqTOnfiiazirie’s action 
can be antagonized lo some extent by Cserine or 
teOldpilte. 

Amphetamine, an excitatory dofHJTldlie reccpfot ago¬ 
nist and many syrnptthoillirtetic compCHimds sinjc- 
tutally similar m eateehotamines arc blocked centrally 
by pheoolNuine dertvalives. In amphetamine over- 

dosage. cbJorpronwtrw: i* recommended a* unc ol the 
tuitidoteth for creatmenc of C\H excilaflicsn and crmvul- 
hions. Serotonin is also blocked by chlurpromazine. In 
addition, it blocks the locomotor hyperactivity and 
stereotyped motor behavior evoked in animal* by 413^1 
morpliiite. m potent dopamine agonist i Homykiewicz 
1973). The antk-mciie activity of chlorpramazine and 
other phenothiazines is related to blockade of 
dopamine receptors of the chcmotrecqptor trigger zone 

wathmshe medulki iDiChiaraand Ge**u |97gj_ Bill elk 
stimulant effects of alkaloids are also inhibited by 
chltxrproiiiaziiKr 

Although pbcDDthiozirK tranquilizers w 1 II antago- 
nizc the CNS-vtimulating effects of symp^ithomimclic 
amitet (e.g., amphetamine and related drugs ), I hey do 
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not prevent she convulsive action of strychnine, 
pentylnettianL picrotoxln. PbeorthiukH in 
therapeutic dotes suppress coiidi honed arvoiduce 

behavior inhibit spomaiLonus motor Activity, and 
reduce aggressive behavior and hostility, At higher 
doses, interference u- i th locomotor function is 

observed- Moderate doses produce sedation and 
drowsiness: in larger ccmcentratton-s, phcnothiazincs 
induce AttLllA and somnolence. 

Clinical levels of pbeniilhiazines tiAhurily have hi¬ 
de effect upon rcspirulory Activity. If iirLenal hypoten- 
riflo OCOUTl! respiratory Activity may he reffexly accel¬ 
erated through decreased activity of the carotid and 

Aortic preuorectptHt. Uige however, will 

depress respiratory Activity. Vfcsomotor activity cun- 
C rolled ViA the hypothalamus or at Ihe medullary level 
ii depressed by tow level s of chtorpromuicine. 

ChlOqJrOiilazirle and uiIkj phenuthia/ines markedly 
reduce Che hematueril of animals. Al one time Lhe 
mechanism Wld thoughL Co be related Loa hemmliluCinn 
effect or an increased plasma volume, HdtttW k reduc- 
iwm i«i the henutocrll W packed-cell volume (PCV) by 
the phnodiiuin is bebeved due cu splenic sequestra- 

EL4 111 4lf Ttsd hhxKt -LL'llk, hl'ili-d SlbmpIcK clnjWll hi Km 

phenuthiazme-lreated animals lor diagnostic purperses 
should hr interpreted accordingly- 

t^rprwwuine Hydrochloride. Chemically, Chlvr- 
pmunizittr Hydrvchl&ridt, US? (ThofiziDC, Lat> 
gjACtJI), ii 2-chloro-10-i(’3-dimeihylaiiiiinii>prcpyl> 
plk'notliia/ine (Fi^;. 14.2). In lhe hydrochloride >all 
form, It is a greyish white crystalline powder chat is 
very SOlubfe in water Although il decomposes in 
ligliL. it CAD he tailed without decomposition. Che mi- 
cal synthesis of cfatorpromriic toon followed the 
observation lint an AHiUHAfldnfc qeat (ijc.,, promet¬ 
hazine), also a phnodirine compand, produces 
CNS. ilepressic?n. CMMpfumiziiK has flight anithivtu- 

mmm Activity, 

ftl AKMACT M jOGBC O JNSCUhRATlONS. Interest ingly, 
iIk stcmcbcvnictl nodd of chtorprosuziiK is similar 
to lhe structures of epinephrine. norepinephrine. and 
dopamine. This similarity is inupparent when only the 
two-dimensEoiiid structures are compared. Thus, chkw- 
promazine interacts with hah the dopamine and norep¬ 
inephrine ncepun. 



Oilorpromazinrc H Ydf<*'hlor»de 


FKj. 14.2 


I he hypothermic mechanism and ocher effects of 
chlutpronuizinc are dilllcult to understand because the 
drug interferes with several neuronal palhways in the 
beaio (Lifl 1979 ); e g,. chh»rpp,»fnazinpc blocks the central 
catecbohanme receptors and elevates brain levels of tliese 
iniH fttopnmiifcC, nrotonin, norepinephrine). Addition¬ 
ally, the peripheral gholinerjkhtoekitig activity, adrener¬ 
gic-blocking Activity. adrenergic Activity,, antphisnumnk 

eflecis. and antitry plum inergie effects of eh to rpro marine 
further complicate understanding of these mechanisms. 
Nevertheless, it appears thai brain monoaminergic sys¬ 
tems hove a functional role in eliciting or modulating 
chlorproma/ine-iniluecil hypothermia; e.g., uf 

senitunin bruin concentrations. as well as depression in 
Activity of this ncumtransmitLer appears to augment 
eh torjwcHTiazinc-induced hypothermia < I .in 3 979 } r 

Other important effects uf chtorpromazine apart 
Imm its centra] Influences are its adrenergic blocking 
action In conjured ion with weak anticholinergic, anli- 
histaminic\ and antispasmodic etfeeis. Chtorpromazine 
also potentiates the effect of atropine su Italic, anal¬ 
gesics. hypnotics, and local and genera] anesiheiics. 
AlLhi. 5 ti.gh the blue king effect of local anesthetics is 
enhanced by ctilorpronwinc. iLs use is contraindicated 
in regiofud tepidural and intraihceul i anesthetic proce¬ 
dures due to potenliatiim of arterial hypotensive effect! 

of local uatiKtica. 

In lire dug. foil not in the CAL chloqpromurine is 
effective in antagonizing tporeoephiii^i reduced emesis. 
It also pmtKfct against vomiting induced by morphine 
but is ineffective against IV copper sulfate, digitalis 
glycosides. veratrum. and ora] copper sulfalc. The 
umtuemetic effect of chloiprumazinc in dogs is related 
to selective depression of the emetic ehcmoreccpLor 
trigger zone located in the brain stem. Chtorpromazine 
in a dose of 0.3 mgVkg is used for antiemetic action an 
the dug: Che route of administration was unspecified by 
Willard ( 1985 ). It was probably given parenterally (i.e., 
by the mcririwcfilif of mtrewHus roule). 

Paradoxically, chlorpromarine is an anEidysrhyihmte 
agent by preventing the stimulant effects of epineph¬ 
rine and norepinephrine upon the heart. However, car¬ 
diac dyuhylhmfau are induced in the unanestbelized 
and anesthetized dog by either cttoproouizllie or pro¬ 
mazine in parenlera] drrtcs ranging from 2.^ to5 mg/kg 
lSanB(tt-Martincz ct al r L972), Aaropinizatiore revens 
the dysrhythmia to churactcritLic anticholinergic 
effects such as sinus and atnal tachvcanclia. 

TT 

Effects of chlorpromaziiic utxm meiabi>li%m and 
auLunuinic nervous activity under condiCions ol cnvi- 
ronmenLul temperature changes and other types of 
stress have been die target of many studies. In trans- 
pmEiilin of attimuh In Abattoirs for shiughter. this so- 
called untislress effect of neuroleptics was investi- 
gaicd lo reduce weight Losses tshrinkage) and 
bruising in transport. This use is not approved hy the 
US food and Drug Admi nisi ration tTDA) because of 
lhe possibility Ihul tissue residues will persist above 
lhe accepted ukmu levels permitted in ftwid for 
human cunsumption. 
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High doses of cUorpnofikuiiiif in tlte cat produce 
tremors df one or mure extremities or the head, Vari¬ 
able degrees of shivering, lethargy, relaxaiim off the 

anal! sphincter, diarrhea, and diminution Cur loss of 
righting reflexes occur. Rigidity of extremities mf 
trunk *bs iilii ilii evident alteration in postural and righting 
reflexes, may also occur in the caL. Upon discontinu¬ 
ance of medication, rigidity and other side effects dis¬ 
appear within ID days, anti the cat appears co be fully 
recovered and normal. 

In ihe horse. chlotfirtiiTiutzirte produces undesirable 
effects in many annruiJs and is no longer advocated in 
equine practice. After a few minutes of initial sedation 
following admfoistratiM of the drug, the animal 
becomes unsteady, sinks backward oti its hocks, and 
then lunges forward in an uncoordinated manner The 
horse may stumble and jail, then stand and Continue 
lunging and. rearing. This violent reaction alternated 
w ilh periods of sedation. 

Experimentally, chliuproma/ine induces rigtfific&nft 
antisecrtMory activity in the intestinal tract; it appar¬ 
ently inhibits intracellular caltnodulifiactivity (Willard 
IS*85). In piglets will) experimental colihaciLLos-is 
induced by Esvhfrichi& coH toxins, intramuscular I EM) 
chlorptoma/ine (1-5 mp/kg) significantly decreases 
intestinal fluid, losses and shortens duration of diarrhea. 

Auministk aTIGN. In most species, ddoipromizine is 
administered primarily by the IM iund intravenous iTVJ 
routes. IM injections, are slower, somewhat irritating, 
and less reliable in action. In she rabbit, IM injection of 
dllncprmtiliK produces severe rnyosihs, bmencss, 
swelling, muscular atrophy, and paralysis. IM use of 
this drug as CLWitraindicated in the rabbit for pa-anes¬ 
thetic medicHflion (Breed al. 1971 Is 

Metabolism and Eijj^nation. chiorpromezine is 

nKtabnliwl slowly in the dog. The biologic hall-life is 
about fi hours. In humans, and probably in the dog, 
Imtroxylalion in ihe .1 and 7 positions and conjugation 
with glucuronic acid represent the major metabolic 
pathways In degradation of chlurpromaune. Sulfoxide 
is the nest important product of metabolic biotnin^fur- 
maLiori of chlorpreMm/ine, Tile sulfoxide form pos¬ 
se**^ about one-eighth the sedative action of the par¬ 
ent drug in the dog. 

In menial paticnLs. chlorpromazine and virions 

metabolites may be detected in urine 6-1B ittondis after 

berminaiian of treatment (Jarvlk 1970). In himl-pro¬ 

ducing animals, drug residues may possibly persist in 

edible tissues for tong periods; information on this sub¬ 
ject is lacking. 

Chlorproma/ine stimulates hepatic microsomal 
•enzyme activity in the rat (Aurori and Vesell 19741. Its 

ijdrrtiiiMraii<ifi fur 3 days stimulates etbylmorphiw W- i 

ilemerhylase activity to 135% of control values. Stimu¬ 
lation of hoth aniline hydroxylase activity and 
cytochrome P-450 content to leve ls of 150% of control 
values occurs to I lowing 3 days of 1 real men L with chlor- 

pfonuzine or pnoultt hydrochloride. 


Little or m ctiknpromiljne as eliminated in urine of 
the dog. The primary excretory product N chlorpro- 
ma/ine sulfoxide, but only of the dm* is el im¬ 

inated as such. In other species, there is little informa¬ 
tion about excretion patterns of chltyfpronKuine and its 

metabolites. 

Limited studies off excretion patterns have been con¬ 
ducted in the horse fallowing IM and oral administra¬ 
tion of chlorpromajiine {Weir and Sanford 1972)- After 
EM injection, metabolites are detected in urine up to 96 
hours. Following oral administration, metabolites sire 
no longer delected al ter 80-96 hours. Tine percentage 
of the dose recovered in equine urine is low. with the 
average being 10% after IM and 27% after oral adftiin- 
i Stratton. Un conjugated metabolites excreted in ihe 
horse represented onl y 1-1.5% of the dose al ter either 
route of admin i^lf at ion; these were excreted entirely as 
sulfoxide derivatives. GI ucu ro nide-oonjugaled metabo¬ 
lites lire predominantly excreted by the horse in a ratio 
to- unctrnjiugared metabolites of approximately 7:1 after 
IM injection and I ft: I after oral administration Sulfide- 
con jugalcd metabolites make up abuul 5% off die total 
after oral administration but are detected only in trace 
amounts after IM iajecdon. With use of spectroscopic 
analytical tndbodolQiy, phenoditadne derivatives in 
the feces of horses, are in it detected (Weir and Sanford 


1972). 

In the goal, the concentration of chlorprumii/inc is 
higher in milk than in plasma. (Nawaz, and Rasmussen 
1979). Renal clearance of dilurpruiMzivK in gouts is 
low due !o extensive plasma protein binding (91—99%), 
The plasma {.'inclination half-life off cWorprcwinzine 
(2 .5 mgAg i givoi as a single ffV do« i n the goat is 1.51 
±0,48 hours (NiiWii/ 1981). It is suggested that a satis¬ 
factory IV regimen of chtorpmmazane in the gusmt 

shimUl he 2-3.5 mg/kg: this should product* a drug 
action lasting 5-ft hours. 


CQtfTRMNtXMlftM 5 AND PRECAUTIONS, Adminis¬ 
tration of epinephrine is contraind icated whenever phe» 
nuthiii/mes are used., PhenrthraziiK derivatives are 
contraindicated in epidural anesthetic procedure* 
because they potentiate arterial hypotensive activity of 
total anesthetics. Their use in control of strychnine., 

pentyleneietrasrol. and pieroioxin convulsive seizures w 
raniraindkiited because of their ineffective wgmu Addi¬ 
tionally, phenUlhluorilK derivatives tower the seizure 

threshold and increase intracranial pressure, particu¬ 
larly in patients with severe facial trauma (Short ct al. 
0984) r ,\\m\ phenollitariiiCN musi not be used in 
patients with a history of seizures or if t'NS excitation 
is pr e sent after traumatic episode*-. 

Package inserts of drug linns caution tpitiit iase of 

phenotkijiziM when annuals have been exposed to 
organnf h> wphsjite^ because they may poteruiiaie ioxtehy 

of Ihe cwganophosphate^. Repeated adminislnitinn of 
chlorproma/ine and promazine increases I ox icily nf 
pariLthion in the nil. The anthelmintic phenothia/me 
does not seem to potentiate toxic etfeels of 

orgiutoipliosphares such as malalhioffi. cuumaphos. 
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mnnel f enifomale, ilichliirvus, and others (Schlinke and 

Palmer 1973}. In addition, caution again4 P*c or phe- 

rtiHlii-uziEies in conjunction with procaine hydncx.hloride 

k tilted m package inserts; the tcdvity of proctiK 
may Abo be pomtuted. 

UhC of ehlorprouiLujiw alone in the bone is ciffl- 
tramdicaled because of violent incoordination and 
excitement that often occur following administration.. 
In (he <ur transp<sTt of horses. adnumsCnitiuni nf phe- 

BodtfaudiKi appears to be cootndidLcttod beceue of 

variable cfFeei* that may he prL>d.Ui^ci:l ( such as menor- 
dmatinn, anxldy, and cxcilcmcnL. 

Precautions in uve of phenol hiazine derimllvc.s 
include (heir careful use in debilitated and cardiac dis¬ 
ease patients. Caution must he taken in animals suffer¬ 
ing fiend hypovolemic shock as well us those that have 
sympathetic blockade following epidural anesthesia. 

Mixing gly copy mil iile an [he UH syringe wJdfa phe- 
nothiuirinr derivatives, ut dllKpu is contraindicated 
(Shaft ci al, 19B4). 

TOXICITY- ]n the dug. a nbcutaiiHiu (SO dm of L3 
mg/kg cUwpcanaaiK pmduni no grow signs of los- 
Leiiy. However, when ihc dose is administered intra¬ 
venously. nodcnlc depression 4ind nf-iixi-ii occur, which 

last G-12 Ikmuts. When an IV dose of 3 mgikg is 
injected, marked CN 5 depression ansi Manaan noted 
for 24-48 hours. 

The toxkily of pfiysusLigmi nc and dicHttrvos are 
inereaxed by chfcorpmma/ine (Mklulck and Stavinssha 
I97JI). Physnstigmine is a carbamate anticholinesterase 
iLgent, and dtehlnrvns is an organesphnsphate compound 
dim inhibdtN cholinesterase activity. In vitro, chlrapra- 
iiuzinc i* j weak inhibitor of specilie acetyl- 
cholinestem< and a rather potent inhibitor of pseudo- 
clmlinestcrasc. Inhibilion of cholinesterase by 
phemUhsacune derivatives is reversible: il is AiOt reversible 
when ihe enzyme k inhibited by orgamiphc^pl'MUev, 
hi vivo* dkktpvmAziiK potentuin toxicity of Uh 
herbicide pamqiial (SiddUc et yl B 1979), "flic potentials 
ing nxckuitn ofncmnd toxicity mum unknown- 

Chlorpromazine in high doses pruduce^. Ciefl Up and 
c left palate in dUuk fetuses (WtlktT and Pt t tefW Cl 
1974), The mouse appears to be more susceptible ihan 
l he fal lkt ftibhst to leraiogenk effects of phenothiazine 
derivative*. (Szaho and Brent 19741. CJf six ptwim- 

ihitrine derivatives adnlnixtered to iht; rabbit, uooe 

induced tiefUogeAK or lUUvUUTll malformations in 
fetuses. Pregnant mice healed wllli high dm of phe- 
ncrihiazjnes eat Less and gain less weight. liiLcrevdngly, 
limitation in food und winter mntflniptfHi of pnfiuflt 
mice to 4i similar degree while receiving, phcnothiazines 
k H 4idv lo all even higher incipience of cleft palate. Mater¬ 
nal nutritional deprivation result*. in re"L4iiUatEuii of fetal 
growl h and may also aflcct development of the palace 
aiherwHy tSzaho and Brent 1974 )l 111 is raises ilH r pox- 
sibility ihat other drugs capable of inducing leridogenic 
effects an the ihoum: act principally by reduction in 
food and water intake: thus the emhryofxuhy may he a 

secondary eflttt 


l.imited studies in the vhesus monkey indkiiie that 

pbmothiaziiKs do not induce ciefl palate cir any other 

congenital defect. In domestic animals. dul4i 4ue tacking 
regarding effects of ph^n<ii h«yi^ iiK^ pregnancy and 

fetal development. Clinical experience in domestic an1 

mals indicates that phenothiazine derivatives do not 
produce slmcluraL anomalies during fetal development. 
However; caution should he exercised in use of Ihcse 
Agents during pngnucy; e.g** bduvionl teratogenic 
cffeels appear lo Isv pfoduttd in offspring (rjil.s) Ehyt 
have beers exposed pcrinatalLy lo chl^rprom;L7ine iTarah 
und Pfciers I97S11. Chhirpromazine given io newborn 
rats produces Uing-lascing alterations in Mznuonin and 
5-hvdnj.\yindoleucetic add levels in several brain 
regions. JL is not known lo whal ex Lent Ihese altcralions 
may affect lemperamenL Lemming 4jbilily„ neurologic 
activity, or rthcr functions- in adulthood. 

In (he Eleagle and Americui Foxhouiuf cliloqina- 
ma^iiw given orally ait 30 ai|/kg/dij/ produces ocular 

lesUHU wiihin 73 days in hcrih breeds, whether exposed 
lo natural daylight or maintained under milraviolec-free 
iirtifieial light (Barron ec id. 19721. In the Beagle, an 
irreversible retinopjilhy earn be induced in \cw than 4 
monlbs following daily oral doses of 30 mg/kg ehlor- 

pmuAcioe <M4iwin 1977" % Ortniir comeal depetib 

m produced by chlofpfOfllACifK tHd persist fur many 
weeks in ihe dog even afier withdrawal nr di.VL'ontinu- 
anee of treatment. 

Ln mice, ocular legions Hoxie rednnpathyt are mu 
seen in albino animals following chlorpromaztnc 
adminislration. The relinopathy is related to allmity ttf 
ehlorpromazinc for melanin sLmcmres of the eye. In 

pregnanl mie-e, rsulmlahekd chlLirpnirnuzine nipidlv 

crosses llu placenta and iccuniulAleG in the eyes of 
both fetuses -and liuifaen (Ullberg et iL 1970} Miried 
radi<HK tivity leoulnt in tifflis of Ihe eye far S rnEJiilhs 
After ihe drug had been cllmkuted from othef timm, 

Clinically, phenolhia/inc> are u^dS imermittently 
and usually do not entail] a prcriraclcd perkd of Ihcra- 
peuiie iw in veterinary medicine. The likelihood ilial 
tK’ular lesions would develop under ^hcHt-lerm Ihera- 
pflillc use fi Unp ro bt hle. 

ExperinefllAl phototoxiehy cun he induced in labo¬ 
ratory animals following admimstralion of chlorpro- 
mazine in the pmtntf of black-light irndlutfan (Akin 
cl al. 1979} Alibimgh phoiormcic reaciions in aninuls 
do nol appear lo he an impt^rtans clinical problem. 
thn*jc wilh scanty hair ami while hair probably should 
Dot receive excessive exposure io sunlight during treat¬ 
ment wilh phennthiazines,. 

Cuml'AL \3m 

ixxw and cats, Chlorprornazw is approved \is a 
prescri p tk m hem by die FDA for use only in the Jog and 
CAlr Al one time, Lhkxpmmazine was the nxisl cxtensiwly 
pud Hnoteptk apenl in nfacac species: however, 
promazine and acepromazme 4 ire dW preferred. 

Clinically, ebtorpmmazine has been used in the dug 
and cat al 035=4.4 mg/kg by IV injection for ifiuwdi- 
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file effect- The sedative effect Ls especially helpful in 
nervous or aggressive animals. By the EM route of 
iidmi nitration. (be dose recommended is l.L-6.6 
nag/kg. The oral dose iKomnTendcdcBnsisis of I tubleL 
containing HI mg/3.2 kg or I tablet -containing 25 
mg/7.7 kg. For all routes of admmisEratKira (IV. IM, 
oral j, ehlorpromarine as adminuttitd limes daily, 
depending on the size of die d*»w used within the 
ranges given and needs of the patients. 

For preanesihciie purposes, cjikirpromazinc should 
be injected intramuscularly 1—1.5 hours prior to anev- 
ihes-ia for surgery at a dose Mi to exceed 1,1 stig/kg. 
Clinical effects are prominent for 4-5 hours, but total 
action may persist for 24 bnm. Prerctedkation with 
chlorpruana/ine decreases, the amount of barbiturate 
anesthetic (thiopental sodium) required m produce 

aiiesilwsiifi by approximately 50% hue docs, not alter 

duration of anestitesia (Hatch L9fi7]k However, the 
combination of uropine and chlorpramur.ine has been 
shtHfc-n to reduce the amount of thiopental needed by 
about 50% but increases sleep time by 33%. 

The most consistent clinica] effects of chlorpro- 
mu/.inc pre-medication include drowsiness and disincli¬ 
nation Id move. When aroused, the animal takes a nor¬ 
mal intercut in its surroundings- Body temperature miy 
fall! several hours, later, The pulse rate does n m change 
appreciably nor ii respiration markedly depressed. 

A claim has been made that chlorpmma/jnc has 
antiemelic action in the cal anil dog, This is cfUtfslkOfF 
able in the cat because chlorpromiuiw fails to inhibit 
api-KUwiirhine- induced emesis: in the dog. cblorpro- 
RUkEine does prevent eiwcds induced by apomnqihmc. 
However, emesis is not prevemed by chlorpronwinc in 
animals that are subjected to vestibular stimulation, 

FOOn-PRnDWINrp SPFriO. Use of phcnpthiazincs in 
fraid-protlueing animals has nol heen approved by the 
FDA because of the possibility LhuL residues may per¬ 
sist in edible tissues such as meat, milk, and eggs. A tis¬ 
sue tolerance level for chlorproomizine has nrt been 

puhlislicd. Nil one has hocii published fur pro marine. 

Chlorproma/.ine (0.2 mg/kg I administered intramus¬ 
cularly is considered to he the drug of choice of the 

neuroleptic igciits for preaneslhetfc: use in cuttle 
(Bowen 1976), 

HttEF.iyiMl ANIMALS, fhlncpromazine is sometimes 
used in animals mil scheduled far food use or slaugh¬ 
ter. c.g H for breeding. The pig lh easily restrained for IV 

injections 45-60 minutes following IM administration 
(LI iilg/bg)- Prior to induction of ADHdkHlli with biir- 
biturales, jin IM dose of 2-4 mg/kg has been used 

Chlorpromazinc is reeiMnmended in excitable sows 
following farrowing, especially in those reluctant to 
accept their newborn, I V doses of 75-100 mg have 
been used in sews weigh jug 125-13b kg, If the drug is 

used immediately prior to parturition, the sow w ill far¬ 
row naturally. To prevent vemiu> thrombi k*K, ehlorpm- 
nrazin should be given in dilute solution when ii is 
used intravenously (Junes 1972). ChkHpiomazinc has 


been useful as m adjunct in treatment of agalactia, 
which is a frequent clinical problem following parturi¬ 
tion in swine tLewis, and Oakley 1971L 


EXOTIC SPECIES. Chknrprofnair.ine has been used in 
capture of African lions ami as an adjunct to restraint 
and! inuthesil in lions (Harthnom et al. 1971)- For 
induction of neuroleptanalgesia m bears, title drug is 
□d ministered via □ projectile syringe dan in combina¬ 
tion with analgesic preparation* (Kuntze E967). Neu¬ 
roleptics are effective agents in im practice; IM doses 
s.if chlorpioiiiii/ine rccpmnwsnded for several species 
are as follows: 


Spirit! 

Ttar 


Beni 

Rhesus monkey 
DvnucdcY 
Wilier to ft* hi 
BlwiO 


Dm (™fll#J 
4.0 
10 
15 

t.4-2J3 
1.5-2.5 
15 

U 


ChluTpruiiiiizine lias been used in reptiles Lniramuseu- 
Lur'ly (HI mg/kgj prior to barbiturate anesthesia 
(CWderwood 1971 ), 

Promazine llydrurliluridi', Chemically- Pwmuzifif 
Hydmrhioridti USP (Sparine), is lil-(3-diethy- 
lamiuopropy I) phenolh iurine monohydroi: h loride 
(Fig. 14.3). Ei Ls used in the hydrochloride form, and I 
g. is soluble in about 3 mL water, The drug is incom¬ 
patible with alkalies, heavy inelals and oridiritlg 
agents. 

Although proma/Jiie has been used in nearly all 
domestic ammaJs, monkeys, andi small laboratory 
rodents, it is approved by the FDA for use only in the 
dog. cat, and horse, PftmaziM cannot be used in ani¬ 
mals intended for food: a zero tolerance has been estab¬ 
lished in tissues of food-prodwim ar “ mals - 

Administration. Following tv admini^iign of 

promurine. the cM&et of actum in the dog is generally 

with in 5 minutes; fed lowing IM injection, about 2ft-30 
minutes elapses before effective iranquiKizatinn resutte- 

Onset of action rimy be 5-ift minutes slower in large 
species. Duration of action is dose dependent and can 
vary within 4Mb hours. 
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Metaikji.i&m a Nil Ecjmiiwkot, Excretion pattern? 

of promazine have been studied in the horse (Weir and 
Suit bird 1972 k When 1(3 mg/kg lire given orally, the 
excretion rue leather icraivnums of about 55 mg/hr 

within 8 hours of dosing and about 25 ing/hr between 
16 and 24 hours. Metabolites tan not be detected in 
urine after 72 hours (Weir and Sanford 1972). The per¬ 
centage of promazine recovered in urine averages Ifl%. 
Cilueuronide-a'wijugaied metabolite ue predominant; 
esmjupted metabolite* are excreted almost niiidy m 
die form of sulfoxide. 

Following IM administration of 0.1-0,6 mg/kg pro¬ 
mazine, May] in (1978) detected four metabolite in 
urine hmF StsmdanJhred nuts; the metabolites were 2,5- 
hydroxypnsma^ine. promazine A' -oxide. promazine jV- 
oaide sulfoxide. and 3 3 4iydroxy nor proi iiazine. 

CoNTRACNI^irATIONS AND PRECAUTIONS. In gen¬ 
era], contraindications described for ehlorpromazme 
apply to promazine. However, unlike ehlorproim/ifte, 
promazine tan be administered to hewses with less like¬ 
lihood of producing e^eitMion. Some animals may be 
unusually reactive to noise and may respond violently 
to disturbance*, 

Caution must he taken to avoid intracarotid injection 

of promazine; ntiierwiw die horse may become violent 
and exhibit muscular tremors* stertorous respiration, 
and pupillary dilution; eTOflhlftBy recumbency and con¬ 
vulsions. appear (Christian el at. 1974). Large-caliber 
needles, especially 14 or 16 gauge, favor pulsatile flow 
of arterial blood, where as smaller-bare needles do not, 
with the result thin walls of die external jugular vein are 
easily passed through and the external carotid artery is. 
inadvencmly penetrated wfoh yvaH-knv «dki. 

CLINICAL Use 

DOGS. The major use of neuroleptics, including 
promazine, is as a preanesthetic agent to facilitate 
handling through iis sedative action. This permits 

smoother induction of anesthesia and reduces the 

amount of anesthetic' required by 30-50% r In the dog, 
tlteduse recommended by the parenteral routes (IM nr 
IV) is 2-6 mg/kg. For anliemeiic use, the above dose 
should be reduced by one-third to one-half (Leash 
1969). Promazine may be repealed as necessary* at 4- to 

6-bmir intervals. 

Promazine h indicated in animals manilifting nerv¬ 
ous behavior and excitability. It has value in alleviation 
of sell-indicted mutilation associated] with otitis, pnuri- 
tis. and eczemic conditions. The drug a\slsts in han¬ 
dling of animals for radiographic diagnosis or therapy 
and in other procedures where rcstraini is rccfuifccl, 
Proma/ine (6.6 mg/kg IV) has been used for 
cmreurt section in I- to 6-year-old Beagles in con- 
junction w i th infill rat ion of 6 inL 2% lidocaine 
hydrochloride or rnupivaaiiiw hydrochloride into the 
abdominal wall (Gupta et al. 1970). If tins dove of pro* 
nw.ine docs not produce complete relaxation, more is 
given ^ubculaiicouslv at ihe rate of 2.Z-4.4 mg/kg for 


the lalcnl effect during surgery, Of the puppies deliv¬ 
ered hy this procedure. Gupta ec al. reported that '98% 
lived and nursed with no signs of tranquilizntjou, The 
ufal dose of promazine recommended in dogs and cats 

is 2,2-6.6 mg/kg every 4-6 he. 


cats. Clinical indications and recommended par¬ 
enteral do*age for lhe cat are similar to those for Ihc 
dog. Compared to ehlorpmmaziite, twice as much pro¬ 
mazine is generally required to produce u comparable 


effect in the cat. Arterial hypotension and other cardio¬ 
vascular effect* produced by promazine in the cut are 
considerably less than those of chlorpiomtizinc (Clif¬ 
ford and Soma 19691. 

One of the therapeutic claims made lor promazine is 
that its Lidministrackm before a vermifuge will prevent 


emesis, in the cat. This is debatable because studies 
have shown ihai a related congener. i;.e., ch lorpro- 


mazine, fails to antagonize emesis induced by ftpomor- 
phine in cats. 


A combin-iition of promazine and ketamine 
hydrochloride has been advocated for use in the cat 
(sec clinical use of ketamine in Chap 12).. 


HORSES. The recommended dew* of promazine in the 
honie ii 0.44-1.1 mg/kg via the IV or IM route. When 
0-88 mg/kg promazine is-administered intramuscularly 
to a horse weighing 454 kg (total dose of 400 mg), the 
effect of the drug is apparent in 10— IS minutes and 
lasts atwsut 0.5 hour (Fraser 1967). According to Fraser,, 
promazine Lakes effect less rapidly than aeepfomszirte. 

Pnunazine is also useful in facilitating dental opera¬ 
tions such as "floating the teeth” of horses. In loading 
and surface transportation cvf hcifHR, promazine is Vidu- 
able. Heath (1978) prefers not to give fouls phcfto* 
Lhiu/mcs because they usuaLly sleep all day he fore 
recovery «tm 

PrommK hM been recommended for treatment of 
tetanus in horses. However, side effects of pheno- 
ihia/ines include stimulation of extra pyramidal ueu- 
nmal pathways. It would seem that these effects of pro- 
mu/inc and other phenothiazines would result in their 
contraindication us therapeutic agents for treatment of 
tetanus. Marty clinicians now favor use of diazepam in 
treatment of tetanus. 

Ptomazine has also been used as a treatment for 
equine colic. However, severe arterial hypotension may 
occur in the presence of devitalized bowel and impend¬ 
ing shuck. 

Promazine is used in conjunction with chloral 
hydrate and ultfushort-acting burbilurales in the horse. 
Tile procedure consists of admin is Erring promazine 
intravenously in 3 dose of 0.7-1 J mg/kg.. Ten minutes 
following IV injection. 7% chloral hydrate is adminis¬ 
tered intravenously at a dose of 333 mU454 kg. After 
casting the animal a catheter is placed in the external 
jugular vein so itiai a burhiiurate can be injected to 
maintain surgical anesthesia. Barbiturates- should not 
he used intravenously in the horse without preanes¬ 
thetic sedation. An IV dose of 0.55 mg/kg promazine is 
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recommended for pre-ancsthcsia. Promazi me has been 
used in combi nation with ketamine for induclHjn of 
anesihcMa in horses (see clinical use of' ketamine in 
Chap, 12). 

Ptornazinc is also provided tbr oral use in ihe teed. 
The oral ctore is 0,99-1.98 Promazine must not 

be used in horses intenled for human food, 

cattle. The granular form of prauziiK cm be used 
in feed of nonlactuling cillle (3.65-2.75 mg/kg). In Lhe 
opinion of Gamer el al. (1975), si ynoother recovery | 

from general anesthesia occurs when promazine is hot 
used as a preaMtibetic agent, 

Unless she drug has been withdrawn from feed for at 
kicwi 72 hour* prior to daughter, animats cannot he sold 
for human consumption. The established tolerance 
level for promazine in food is zero. 


swine. Promazine (2 ing/kgj along with atropine 
(QuDMMH in^/ki) anil meperidine hydrwehLnride: (1-2 
mg/kg) is useful m a preanestheric in swine used For 

experimental surgical purposes i LknHh 1969). Pro¬ 
mazine provide* a ini Id iftiflquiliring effort and assises 
m restrainl of the pig prior Co general anHtiKaia. 

BABBITS. Promazine \m been used in combination 
with ketamine for induction of anesthesia in rabbins 
(see dinkal use of ketamine in Chap. I t) r 

LABORATORY ANIMALS. A combii¥ation of promazine 
juid ketamine has been used in rats and mice for induc¬ 
tion of short-term anesthesia (sec clinical use of keta¬ 
mine in Chap. 12}- 

EXCmc SPECIES* Promazine has been used in tranquil- 
iring bears. 1M irtjeeikim off 4 r 4 mg/kg pconuoaiie is 
effective in poiemiating morphine. Promazine has been 
useful in combination with oLherdrugs, for immohiliz4i- 
tion of bears as well as other exotic species (Seal and 

Erickson IWKP). 

Prepartmient and pcwlpaituricnt use of promazine 
has been mcccssful in a hippopotamus weighing about 
2273 kg lGraham-Jun.es. 1962): 4.4 mg/kg* or a lota] of 
10 g, were used In the feed and administered daily far 
1 week prior to parturition, which occurred normally, 

w i th survival of (be calf. 

Accpromarine Malta tc. Actpromazitte Matease* 
INN (AtraveL, NotonsiL PVnmueeL formerly called 
Bcetylpromudne, is approved by the FDA for use in lhe 
dog, cat, and home; This pbenothlaziiie derivative is 
extensively used in veterinary medicine. Aceprnmaaifus 
is, Z-accly]-IO-(3-dimcthylflmiiitjpropyl) phenothiiizine 
(Pig. 14.4). ITie drug h a yellow 1 , odorless* crystalline 

powder wiih a bitter Basie; the powder melts at 
133-138* C 

PiiARM.AC’ot.tKiic Considerationsl Most of the 

pharmacologic effects of aci-promazine are similar Id 
those of other phenol hiiizine derivatives. It is more 
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I'Kiiviki iluin ch |oijw lh lui/me iiihi promazine and is 
effective parenterallv in small doses. I he con lraindica- 
liottE arc generally the same m Lhosc For promazine and 



Ifrperimmtally,. acepronkfidne decreases arterial 
blood pressure in the dog 3 minute* after l mg/kg u 

administered by the FM mbiPnpnvie et al. 1972); this, 
effect Lusts 2 hoars. A significant increase in central 
venous pressure Occur* 90 minutest utter administration 
of the drug and generally peisiits for ihe duration of ils 
effect. Intermittent bradycardia aiffi Han (Popovic d 
iL 1972). Smoattiil (SA) arrest won at 3.5 minutes 
following ii\jectkut of acqnwiaziine and teste about H 

seconds; recovery is spunlancmis. wiih no apparent 
permanent cardiac injiury. Atropine (0.045 mg/kg) 
should be used in conjunction with acepromazme prior 
to .id mmiscrul ion of a general anesthetic to minimize or 
prevent vagal efforts that may induce bradycardia nr 

SA arrest. fV accprcunszinc (EUW3 ot fi.CJ67 mg/kg) 

does nr* induce cardiac arrhythmia in horses anes¬ 
thetized with halothane (StetTcy et al. 1985). 

Following IV admioistritoon of ■ctpsomaatom in 

doses of 0.1 L 0.55,. and LI mg/kg, decrease In arterial 


pressure occurs in the dog (Coulter et al. 1981). Inter¬ 
estingly. the decline in pressure was m.R Uom. 1 related; 

the lowest [V 4cm (0.1 i mg/kg) appeared to reduce 

arierial pressure as markedly its the highest dose (l.l 
mg/kg). Thpc results of Coulter ct al. are in contrast to 
Chose found in the dog by Muir and blubbed ( I9S5); 
they found that an IV dose of aceprnmsizine less Lhiin 
0.4 mg/kg is not likely to produce significant changes, 
in die arterial pressure of healthy dogs, 

Doses (0.05, 0.125, and 0,25 mg/kg) of IV acepru- 
imizirte in the dog decrease the inenn arterial pressure 
from 2.3 ± 6.0 to 16.8 ± 14.2% iLudders et al. 1983). 
Phenylephrine, un u-adrenergic agonist, antagonizes 
Ihe hypotensive action of acepri-ifiuizine: an FV dose of 
O.liyH mg/kg (a clinically recommendedi dose) or 
higher as neecssary io increase ihe mean anerial pres¬ 
sure. Pheny lephrine has- a dural ion of 20 minutes alter 
IV administration. 


In Ik dog. iiceprumazine blocks or prevents arrtiylh- 

mc and venifieuliif Hbrillaftory icrions of epinephriiK 

and haloLhane (Muirci al. 1975). ft markedly deereaws- 
respiratory rate in the dog. Despite this, however, no 
significant alleralion results in Ihe PCO r pH, P O r 
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and (mytHmogtobin saturation (Popovie el iiL 1972). 
S ignificunt dm-ps in fcvtI of hemoglobin enneenlration 
4ire first observed 4? minutes after drug administration: 
this penktt far at loal 1 hours. 

A-dminisLmlacvn of acepfiuiLazine (fMW inp/kgj inlra- 
vcmvly in ihe Ime induces an insi^nific^uiL dflcvou 
in heart rate and cardiac uni put when umupurcU with 
baseline or control values I'Muif Cl al. 1979 k Mean 
pulmonary arterial pressure dues mu decrease signifi- 
cantly from control values following Ihis dost How- 
cult. ihe mean centra! venous pressure. mean antic 
pressure, and respiratory rate in the horse decrease sig¬ 
nificantly 1.5 minutes following injection. Although the 
res pi niton 1 rale is dccrcucd by acepromazine, the arte- 
ri^il pll, / P p_, and f CO.. are not significantly different 
from control values (Muir el a), lllf), 

Acepmmazinc in an extremely low IV dose <0.002 
mg/kg) produces a. significant effect upon the Iwitiat- 
ck:ril Lit PTV; this is the VDHl Kffltfcive phamnijcologic 


retfKAK induced by -aceprumazine in the horie tBaJ- 
lurd et al. 19X211. This is followed by changes in penile 

ex. ten hi on ;iisiJ deprLrssiuiL of iIki respiralury r;i|e. which 
are the nexl most sensitive responses to accpromazine 
in the horse. 

In general. Ac effect of iCCpfHlttziJtt upon reduc¬ 
tion of the betnrtocril in (be bone Is due dependent. 
For example, an IV dose as low <is 0,01 mg/kg reduces 
the hematocrit by 25 *# wiihin 10 minnies alter acepro- 
mazine administration t Ballard et al. I9X2K higher 
doses may reduce the hematocrit as much as 50^, 

Dumtinn of the effect upon ihe hemilDcrit may be 12 

or more hours before the PCV recovers m rumal; c.g., 
HD hematocrit values recover to control levels by 12 
boon after IV dow i>f 0.05 n|At| and 21 hours after 
0,15 mg/kg; (Parry und Anderson 19G3), The dfiffOtt 
in hematocrit is primarily due to s-plenic sequestration 


of red hluod cells. 


The hypotensive action of aceproma/inc ill ill? horse 
is related to both Ihe dose and the route of administra¬ 
tion (Parry et ul. INI). In healthy horses, the arterial 
pressure remains significantly kdnv control values tor 
DtUK chan 6 httH after an 1M injection of 9.[125 

mg/kg. According to Pmy si ul. (!W2), iruUvUiul 
home vary in R^HmmsKflg to KqKHUfldK. Par 

example, one horse decreased from ,■ \ : i :i :■ v.<lIw uf 

II2/&2 to 91/55 mm Hg m I hour after IV adnunistia- 

tim of ucepromuzine <0.1 mg/kgi and relumed to 
1 ll 1/79 mm Hg in 4 Isours. Jn another animal after the 
same TV due, (be Arterial praam deenwd from 

at 15 minutes after injection; 

the pressure remained below K7/67 mm Hg for ft hours 
after injection and recovered to normal (115/90 mm 
Hg) at IS hours.. 

In general, greater tranquilizaiion induced by aee- 
promazine rcsulLs in greater arterial tLypoteBsidn. Thus 
uceproina/ine i& a dangerous drug in circumstances 
where cincukiCury embarrassment -or Acute diculltery 
failure is a poss ibil ity i Parry ami Anderson I US 3 k 
In tFHtnHDl of equine colie, an adequate blood vol¬ 
ume and arterial pressure are necessary befott KCpro- 


] 32/94 to ft 1/45 mm Hg 


ma/ine nr related derivatives can be safely used, most 
fuhil colic CUR are probably due to cardiovascular coU 
lapse. Considering the marked arterial hypotension aikJ 
pro longed effect of Ktpnnu&u in healthy horses and 
Ihe speed with which hypiflension can occur in colic 
cases, use of aeeproma^.ine at oLhcr phfiuithia/ioes at 
any stage in treatment of equine colic is seriously ques¬ 
tioned (Rarry and Anderson 198.3), 

Arterial hypotensiLm after administration of aecprLV 
muiu also occurs in the healthy caL. When adminis¬ 
tered intramusculaily al 0.11 mg/fcg, the arterial pres- 
mm declines 30ft within the first 10 minutes 
pnscinjecLkin (Colby and Sanford !®H I). Acepromazine 
in cwibOkitiofl with ketamine induces a shorter depres¬ 
sant effect upon Che mean arterial pressure, heart, and 
resptmkvy rates than ketamine-xylazine combisuliofu 
(Sanfurd and Colbv 19S3). 

After IV injection, aceprcsmazine is dislributed 
extensisely in the hone tVd a 6.6 LAg) and binds 
extensively (>99ftb) to ptaflOA pnlefau (Bullanl el ah 
191*2), Plasma cnnecnlralions of acepfODluiK (after 
art IV injection of 0.3 mg/kg .I decline with an u-phaie 
half' life of 4.2 nimtR; the |i-pfw>e, or eUmmaticm, 
hatf-ILfe is ahoul IS5 minutes. 

Aceproma/.inc in 1M dws of 1.1 iind L65 irig.''kg 
respectively prevent* occurrence of halolhane-inditewl 
malignant hyperthermia in 40 and 73 £ £ of susceptible 
pig* 1 McGrath et al. I9SE) ] r nr additional LnJ'ormaLion 
on hjilothune-induced malienant hyperthermia, see 
Chap. ll. 

Fwllowing iM administration of ucepromazinc 
(0.01-0.1 mg/kg) in mature Standardhred mures, 
metubtdites are present in urine (Miyliin I978) r The 
mciahi4i[es^re 2-( l -hydioxyeihyl i pmunai/iite sultosiA*, 

2-(|-hydmxycihy|) pntjmazinc, T^ydroxyacctylpco- 
mazine, and l-( I -hydroxyechy!)-?-hydmxy|h utnazi ne. 

CONTRiUNDICATIONS AND PRECAUTIONS. Clinically, 
a feu- rnm reports have redded advCTK methw fol¬ 
lowing adminisiralion of aecproimL/iue in dugs fGar¬ 
land and White I96K; White L96R), Within 5-tO min¬ 
utes alter IM injecLion of 0J$ mg/kg acepmniazine, 
sudden col lapse has been observed. Enitially. animals 
iiNinifested apnea, then a slow pul-^e 4ind uncon^eious- 
DHA. A fahil interaction invoking Duthal. Lhiumyl«jl. 
and acepfonube has beet reported in tto 1 dug tW'ebb 
et al. ]9B3j a See discussion under Ihe loxiciLy ol thi- 
amyldjl in Chap. 12 of Lhe 7ih edition of this text. 
Adverse behavioral ikenbou luise been observed in 
use of acepronune in ihe dug;, iggRuivncu and 
vicious bebivior on sometimes mutifesled after 

administration (Waeehter I til), 

Ac^irdtng. Lo Hodman et al. (19843 1 , aeeptxMiiazitie 
ean produce CM^KadPU in certain conditions: (I) In 
most types of shock* use of uccpEHtuzinc in low lui- 
diac output slates or hypervotemLa can r-esult tn a criti¬ 
cal I dnip in iLTterial ]ireh.vure 4>3Ki vcimuv relnni Lowing Eo 
its fi-;u3rencrgie blocking aciion. 1 2 1 TN5 seizure 
threshold may be lowered hy aLcpmma/inc. which can 

trigger seizures in susceptible itnlnuls. It should not be 
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used in these animals or animals undergoing mvelo- 
graphk procedures. (3) Aeepromazine iron cause syn¬ 
cope associated wilh high vagal time and subsequent 
hradycardia: Ihi^- occui in brachytephalic breeds, par- 
ikukrly jit Ik^er*. The RqMHue may be prevented by 
administering a low dm of *«p ramming and a eon* 

corndJLant injection of m anlichnlinergic agent swh as 

atropine 

Cauiiofl in adm ini m radon of promajinc to weak, 
debililiued. aged, and cardiac disease patients must be 
observed la iniiliflfae advene effects, Also, Hi drug 

interaction wiih ocpnopbosptulH miusa be avoided 
because toxicity off the phcftoihia/imN is enhanced. 
Mixing givcopymolate in fihe same syringe with phe- 
nothiazines or dJanpum h contraindicated (Short cl al, 

\*mi 

Conical Use. The primary u^ of acepromaziiw huts 
been, sis n preaiwsiheiie agent in the dftg. cat. and Inn sc. 

Eg markedly potentiates, harhituritfes and facilities han¬ 
dling and restraint of animals, 

DOGS.. AflepcomazLiie may be administered by the IV. 
IM, SC. or Mil route in ihe dog. For preiineMhefic use. 
line IM dme (Q.05-0,1 irig/kg) considerably lower 
than I hat used for ordinary restrainl p*Lrpwes il>ntliiv;m 
el id, 19S4) (set bdowi The reeonuncHhJed dose of 
iK'eprumiixine for the parenteral mutes ranges from 
0.55 to 1.1 mg/kg; Bor oral administration in Sublet 
form, the reenmnsended du^c 11.55-2.2 nig/kg. Alt 
doses may be repealed, depending on degree and dura- 
Lion of tranquili/alion required. Uunity it i^ neccBMiy 
to repeit! the dose every 6-8 hours to mainlaan Iran- 

quiliwrtwiL Because of the potent effect of acepr> 

mazLne, mosi clinician^ generally use Usages below 
those recommended above in the dog. Since there is 
individual variation in the responses induced by aee- 

pmuzme, it h best to begin on the conservative side 


in dose administration. tf necesMiry, more drug on 
always be given later. 

Affording Co Pugh (1964), oral ikdiriiniMraliun of 
I—3 mg/kg aBeprooiuiitt in u single dose produce 
deep sedation m the dog r This b also accompanied by 
lethargy and reduced motor activity as evidenced by 

some posterior ataxia. Onset of the effect is noted by 
changes in facial expression. Skin overlying the frontal 
portion of the skull appears more pliable and wrinkled, 
the upper eyelid droops {ptosis), and the nictitating 

membrane is relaxed and promoted, The firsts indkt- 
lion of posterior ataxia is usually evident at ihis lime. 
Recumbency soon follows, and the animal frequently 
goes into a somnolent stale. 

Clinical signs of iDepru marine usually begin cm 
regress after 3-4 hours bur may be present after 7 hours 
(PUgh 1964). As in other species, a drop in rectal iem - 
perature won. This effect is- shown in Fig. 14.5, 

For preurathetie use, the itose of aoepraruzine is 

O.ll mg/kg intramuscularly (Rosin 1974). Also, 
atropine (th (345-0.066 mg/kg) is adminasiered by the 
IM nr SC mute. After the peak effect {usually 15-20 
minutes.) of acepromiizine has been attained. Lhiiumylal 
is then administered to effect to produce general anes- 

Ibosla; this permits eradotracheaJ intiihutkiii so that 

inhalant anesihciies may be administered. The dose of 

thiamylal necessary in produce general anesthesia is 
reduced by about 50%. Like other pheamhiazines 
(chloqpnmsaziiw, promazine), acepironiazdne produces 
a ■ii'.kJltjll- Llegret* of blockade bf the a-adrenergic 
receptors. This effect is believed to assist in prevention 
of renal ischemia and maintenance of adequate kidney 
function during general anesthesia as well us in mini- 

nuntnn of pcks-tsgrgieal uremia (Etoin 1974). 

Adequate sedalion is prov ided by ffM mg/kg ace- 
promazine in the dog prior to induction with thiamylal; 
the route of administration was not specified (Ruther¬ 
ford 19153). Il wm probably given inLramuscularly. 


Copyrighted material 













3 ! 0 « / Srdfan J / drub Acima off tie amiuL wmn a rr i r m 


Aflflduy 10 Kutbenbra. no am ihan ii cuul of 3 mg 

;KeprLMtaLiiiK! Is given to any dug. and large dogs may 
ho wi dw m a Mil of 2 mg. 

Aeepiomazine in a ]arec IM dncwe (01 mgrttgi Iul\ 
been used in dogs 20 minutes prior to euthanasia with 

cartoon monoxide (DiDtire and ChalifoM 19R5). ll 

improves the esthetic npecte of the use of cartoon 
monoxide in euthanasia toy decreasing vutalizniiulk 
agitation, and other effects in ihe dog. 

An IV oombnubm of acepmmazine (0.2 ngfk|) 

and ketamine (10 mg/kg) is useful For clinical anesthe¬ 
sia in lhe dug if simulation of eanJiovaieuLar function 
is nut necessary ur desirable (Harver el al. I 98fo see 
clinical uses of ketamine in Chap. 12], this combina¬ 
tion probably should nufl be used in dogs predisposed lo 
arterial hypotension or respi ratury depression. 

For ncuroleptjniiljfLfsic punjiLtscs, JL _ ^ r pf LmlJ/.iiiu 

(OJ I mg/kg) has been administered (mute of adminis- 
tralion unspecified, probably EM] in combination with 
oxymorphone (0.2 mj^gj. I13IH permits mlnbation and 
use of hfllotiuiK-CHtygcn for induction of anesthesia 
(Short m al. L4H4k 

Acqpnnuiu (0.1 mg/kg) is noomnuoded for 

Htfenctic use in the dug. The runic of advmni-sLraLLon 
was nut specified toy WillanJ ([985); il was probably by 
the TM or IV route &n he eflhctfvc iiiiniediiikly, This 
dose of aceproniazine is ineffective in preventing spn- 
mnrphlnc-induccd emesis. An IM dose of 0.5 mg/bg 
docs not block the emetic action oF an IV dose of QuM 
mg/kg apomnrphine in dogs (Keilh ei at. 19$ IJ. 

Acepromazine in large doses hiLsbecn recommended 
for treatment of mclakJrhvde poisoning in the dog. 
However, diazepam is preferable for control ol cnmnil- 
iKt mItihi induced by metuldehyde. A side efF-ccl of 
phenoitoia/.uie neuroleptic*, including acepriHiwine., in 

tfwiilwn «f extrapyraiiLidiLl motor puihwiiys. Tlius 

aecpromazinr would lower the convulsive threshold 
and is not the drug of choice for treat men I of metalde- 
liytlc mkMy. 

CATS, AoepnmuiH may he admiiii.stcfcd hy the IV r 
IM, SC, or oral route in Ihe cat The recommended dose 
For Ihe parcnLcral and oral routes ranges from I. I lo 2.2 
mgi'lg. Ii i* usually necessary lo repeat ihe dose every 
8-12 horns to mainlain Lranquilization. Many of ihe 
drug effects produced in line dog are also seen in Ihe cal 
(see above II Since acepnunuzine is a potent pheno- 
ihiazine derivative. muvi clinicians generally owe 

dosage* helsTW time recorawaded in ilw cat Jl is hesi 
io begin on ihe conservative ride of dose iwlministra- 

tiiin. larger doses can always be given later to produce 
ihc desired effect. 

ClinicaJly. accpromazinc is important as u prauies- 
LheLti: agent in the cal. The dose succesifully used in 
clinical practice Is 0.11 mg/kg administered iiiiraimih- 
rulorly (Rosin 1974). Atropine (fj.045 0.06-6 mfflLf) is 
also Injected intramuscularly or ^uhculancously. Gen¬ 
eral anesthesia with an ultrashcwt-ucting barbiturate or 
mhalanl Mrtlhrlir may be administered 15—20 minutes 
after die peak effect of acepfunuizine liav been reiiicbed- 


i! As in the -dog. Lhe amount of general anesthetic is 
!> reduced tignilicanlly, 

j. IV npniuubic (0.11 ingAsg} has been uud m lhe 
■ CM wiih |V betaunne (11 mg/kg) to provide skeletal 
S niHcte relaxation und a smuuLber recovery (Wright 
| 1982). However, in a double-blind study. Ktprddlizitt 
did nothing to contribute to lhe effect of krtmlnr in 
the cat; according to Giase (1977). piperacela/ine 
hydnochlorislc ii imm iiscfu I. 

HKWSeSr Aeepf4ima/.ine musi inn he u\eil in hu|\es 
Intended for human emnsumption. h may lv :fcdmiiiis- 
tered intravenously or intramuscularly. The recom¬ 
mended preanesltKlie dose ranges from i\A)2 to D.I35 
mg/kg. 

Because of the polcnL efleer of aceprroma/iru!, mosi 
dintcUlV tlte dottget below llmve specified hy rrmnif- 
faclurers. MaeKenzie find $z&m (1977) suited ihui lhe 
Lranqifiili7.in|! aelion of acepromazinc may hut for 24 
hours in ibe horse; this is considerably Semper than chc 
responses (i.e.* $ hours) claimed hy lhe manufacliiirers' 

recommended doagCL 

According lo l-raser ( I9b7). kHpAMU&oc adminis- 
Lcred al an IM dose of O.iJhti mg/ltg is effective in 2—3 
minutes. Clinical signs are drooping of lhe upper eye- 
lid. slight pEQtmloa of the uiciiiuting membr i pfc, ajid 
dropping of die head below Us noniiat level. An over- 
doit of ihc drug produces Msua unrt may imerfete w iih 

clinical pftKCilurcs. 

Accpromazinc reduces excitability n Ihal lhe animal 
can be easily bandied; c.g., rectal examination and 
exploration rrf the gjcnitaJia arc Facililatcd. Sumc clini¬ 
cians have dispensed oral accprnmazine uHfti to pro¬ 
vide tranquilii-atiun of horses l<ir iravel in a miter. ‘ITie 

dote for ihi^ purpoM? j® 2-4 mg/45 kg: lablets of the 

drug iiJT' generally tuiiL'd in u pie^c pf apfile iiibd 
iudminislered 30-45 minutes prior lo loading. 

Trunquilization of dangerous animals may lead Lo a 
fill m: sense of tHUrity. Painful procedure 1 * slwiuld. be 

^VLPidctl because phenothiazines priwide link, if any, 

analgesic effect. 

Hiirhrt medicated with accprcMnazine rerain auditnry 
and visual acuity; loud sounds or rapid nww^nkents 
should be avoided. 

Aceprtmazijie even in high therapeutic doses infre¬ 
quently produces recumbency. Although horses may 
appear lobe MimnuJertL. limey wfB usually remain sUukI- 
niu In itoc cvfni ihe animal lies down, ii can LMdinarity he 

persuaded in stand. Risk of ihe animal stepping or falling 
on ihe attending: veterinarian is minimal. Retention of 
coordination and aJertnesi in the horse is important, since 
many diagnostic and surgical procedures musL be con¬ 
ducted upon a standing animal fBallard el al. 1982). 

An im|K.irlanl kite of KepmuukK is ;i*. a preaiuys- 
1 belie. A Mat Jose of 15 mg/454 kg, or0.033 mg/kg, is 
administered intravenously and folhwved LO minutes 
laler with an 3V injection of thiamyl-u] 12.5-3 gf454 kg) 
(Shideler 197 1 ). TVs penolb endotracheal intahafton 

» Lhiii an inlmlam anestheiie can Ise jalminisJierftl for 
maiiiDenancc of surgical ancsihcs-ia. 
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AccprniiLBJinc is being used in treatment of equine 
colic. An IV dose of 0.066 mg/kg brings about prumpl 
relief (Frank I970 )l This effect is due lo lLs anLispas- 
vnodic activity, Kurtiul blockade of ihe a-adrenergU: 
receptor* may possibly explain Ihi-s anli^pasmtidLC 
cllkl. Adequate blood volume and arterial pressure are 
nccetwy before a Depro maz iDC or related dertvvtfvH 

can be used safety; mo«l fatal colic cilm!* arc probably 
due to cardiovascular collapse or shock. Considering 

dw marked arterial bypotoosvw effect of accprnmajinc 

in healthy hor^s and ihc rapidity with which hypoten¬ 
sion can occur in colic cases, use of accprrunajjnc at 

ary stage in treatment of equine colic is flriaisly qne&- 

lioned (Parry and Anderson 19131 
Acepromwinc in combination with meperidine, on 
analgesic and anli^pasmodic drug, its considered to be 
an effective ikeuruleptunalgesic agent in [he horse 
{Jones 19731 The IV dose of the mixture is 100 mg 
aceprnmazinc and .HI mg meperidine lor animals 
weighing 454 kg; nervous and highly bred or excited 
animals receive a. higher dose; calm. Jess excitable am- 
maJs receive Less of the mixture (SctttufDer 196ft L 

Since these agents may induce seme aneria! hypoten¬ 
sion, extreme caulion is necessary in their use. This is 
particularly true in ihc presence of shock, 

Acepromudnc-methadonc in comhinalion with keta¬ 
mine has been used in the hsirse. For detailed informn- 

tion on this combination of drugs, see the discussion on 
methadone in Chap. IT 

A combination of acepromazjnc and another +m,'il 
jjesie agent {ecorphine hydrochloride) has been advo¬ 
cated in the horse and other domestic animals in the 
U EC (see Chap. 13), Acepranazinc in a concentration of 
LO mg/mL is combined wilh 2.45 mg/mL elotphine; 
this neuroleptunalgesic preparaUon is sometimes used 

for minor surgery (Jenkins 19721 

Priapism or penile prolapse occurs occasionally fol¬ 
lowing use of phenothiazinc neurokplic agents: act- 
promazine is associated with this condition in the horse 
(Pearson and Wewer I978 l IV dose* (0.04 and 0,1 
mg/kg induce essentially complete penile protrusion 
within 30 mmules after adminasiratjoni; at the higher 
dose. protrusion remains maximally distended up Lo 
about 100 minutes following administration (Tobin 
Ballard 1979). The duration and extent of penile pn.> 
iraakm are dose related; a dose of acepromiizine as low 
as 0,01 mg/kg induces penile prolapse (Ballard et al. 
1982). At 0.4 mg/kg, prolapse oocun for 4 bun aud 
does moL retract completely until 10 hours after admin- 

iNLra[iu«i ill aiiizpmiriarirt^. Accp**NUWine _ llldwd pTO- 

»f ihf penis iDi3-ycar-nld Tim mu gift red |»id- 

ing was corrected by a Jnw [V irvjeciMir’i of R mg 
Benztffypine Maytate. LISP (Cogeutin); within 3tl min¬ 
utes alter administration. the penis appeared normal, 
flaccid, and retracted (Shumxrk 19512). According to 
ShiiTTnek, it may be flttest&ty to iwrcaae c.*r repeat the 

benztropine dmc in stalluns. 

Penile prolapse may in patft hil due Eli reluxatiLMi L&f 
re tractor penis muscles, which are innervated by adren¬ 
ergic nerve fiber*. Relaxation may occur from the U- 


adrenergic blocking effect* of accpromuzine. liturphine 
in combi nation with acepromiizine may lln contribute 
Lo Lhe development of priapism. Of 7 horses wilh pri¬ 
apism following use of acepmmazine. 5 hud aim 
received elnrphinc in combination wiLh the phenn- 
Lhiazine mrurolepLic agent (Rarm and Weaver 1978). 
IniWlBCh as the penis is prolapsed -iuird turgid follow¬ 
ing tike *ole ow of etoiphine and iv flaccid following 
the use of only accpmmazinc, elevated hhwsd pressure 

induced by ccorphine has been suspected to be a con¬ 
tributory factor lending lo penile paralysis, However, it 
is highly improbable that etorphinc would Increase the 

arterial pressure high enough to Induce paralysis. Dur¬ 
ing coitus the pressure generated in Ihc corpus caver- 

nosum penis is several thousand mm Hg and that in the 
corpus spongiosum penis fa usually greater char 7fK) 
milk Hg (Beckett et al. 1973. !973 |l Wilh administra¬ 
tion of m proBBiw and etorphinc in a combined mix¬ 
ture, arterial pressure does not increase; instead it may 
he come dangerously hypotensive, Thus priapism still 
occurs folknil| hypertension induced by the drug mix¬ 
ture. Consequently, an dented arterial pressure seen 
wUh use of etorphirte alone would nut appear to be a 
contribulciry factor in development of priapism. Since 
difficulties are enaMMend with use df HepmuzhK 
in slaliions, the drug should not he used in stud or 
breeding animals. 


CATTLE. AopisaziJK lUits ncai been up p c ovcd by the 
FDA in food-ptoducing animals because of the poten- 


rii-sk of rCsidiU:* in ilteiit and milk pnKlucls B 

In the opinion of Gamer ct aJ, (1975), a smoother 
recovery from general anesthesia in cattle occm when 
acepromazine is not used as a prcancslhclic agenl. A 
sedative dose t(kt)5-0.{H mg/kg) of accprornazinc has 
been uved in cattle by the IV, IM. or SC route t lloward 
According to Huhhcll ct aL (I9h6) s) acepro- 
mazinc in an IV dose of tf.01-0.02 mg.'kg or an IM: 
dose of tJ.03-1]. I mg/kg produces mild sedation, tt is 
useful for calming nervous cattle when used in eon- 
juneiion wilh local anesihe'sisi Llw surgical procedures. 


[t fails to induce sufficient sedation in control of 
unmanageable or hypercxcilcd cattle. Arterial hi nod 
pressure may be tkxTe-uied severely ufler use o\ ace- 
promazinc in sick or debiliiated caiilc. Acepnvnuine 
IK not recommended, as a preanesthetic in calm cattle, 
and it may have little effect in cattle that do not tolerate 
restraint (Hubbell lit aJ. 191561, 

Caution in use of acepromazine in cattle is advised; 
more duLa are needed ID determine it> safety and effi¬ 
cacy, Death has occurred in cattle injected with acepro- 
mii^inc flftHT pnlflOfed transit. Tnuisil under tireufiJ 
conditkmA (in cold or hot weiuhcr, without water lit 
feed, for king distances]) increases [he su^ceplihitiLy 
and risk of animals feo the arterial hypotensive action of 
actpromazinc. 


SWING. For mqulUzuion ot sed-iili^n, Anderson 
(197.1) recommends IV administration of 0.03-0,1 
mg/'kg. As a preanesthetic agent. Bcuscm and Thurmon 
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0979) use acepfoauuniK wtiwoscuhriy in a dw of 

0.1 I|hD. 3I mg/kg; ihey Jl> nut recommend a total done 
nf metre than 15 mg. in any pig.. Aeccwdang L-n Metiraih 
(IJ984X IM morphine (1-2 mg/kg) in combination with 
IM accpromazim: (0,05-0,2 mp/kp) can be substituted 
for ihc enmhinatUui of fentanyl-droperidol (1 imuvnr- | 

Vei) in depK&d or Luisemic im. 

Anpnmnw fo also used in combination with Id:- ; 
amine for induction of aneslhesia in miniature twine I 
(set clinical use* of ketamine in Chap. 12). : 

I 

. v B I! 

SHEEP AND fiOATs. Accpmusw (0.05-0.1 mp/kpfr I 

has been used tn conjunction with ketiimine (2—5 ! 
mg/kgl by the IM or IV route (McGrath t984) r Fw ^ 
m Litre information un w of iheu: drug?*, in combination, I 
wChapr 12- 

i 

RABBITS. Accpmma/mc administered inlramu^ui- 
larly m L mp/kg will trunquilizc Ihc mhbil in about ID 
minuLev far j-3 ttfW¥ (Wood 1978)- 


riiimi Umipii n mihn Kilby late. PmchkFpcnnziw fi/i- 

tylattf USP (DvbaziJK, ConpuiK) Is a piperazine 
derivative Luf phenolhia^ine (Fig.. 14,6). Fmapyramidal 
symptoms, especially at high dosages, are more dur- 
acterisLic of piperazines Lhan of btiOpipefttlne deriva- 
liitt <e.g.. chlurpmmaziTie. promazine, IHfflHUZiK) 
The iinciemeric iwnpcniev «f papersuinc pficnnthiazinc 
derivative are greaicr than those of nonpiperazine 

derivatives.. 

PbnnaxilogkaU]f b the iedalive effect of prochlor¬ 
perazine ns- modcrate compared to dllwpMUKitt and 
triflupromazinc hydrochloride. Consequently. only a 
slight effect upon consciousness. is elicited by prochlor¬ 
perazine. “the hypotensive and respiratory effects are 
low compared to prLunazine. 

^TTK'hloirperaz.i ne has been approved a^ an injectable 

(npnikn by- the FDA for um: in combiiutfon with 
isupropumnJe iodide, which is- it ptHecit. long-acting 

antieholiiwTgie drug ih;u suppresses hnLh gastrointesti¬ 

nal ((H) motility and HCfetkns for About 12 hours after 

a single lktuL dose. Thb injeeuihU: cofjahinatMMi has 
been approved for use in Ihc dog and cat. 




PUCAJUTIDNS* AND C«N TRAIN DIGATHENS, Precau¬ 
tions and coMrakodlCffbofB previously described for Lhe 
pl^eiUMhia/one neuroleptic agents are essentially similar 



Cl 


C:HLSn,OH 

CII.SO.UH 


r~\ 

(CH 2 ) s -N_N 


c:h 




PrndiSnrpsrraiinr tldiiy late 


FIG. 14.6 


for pmchlorperazine. Ir is contraindiciircd in cases of 
glaucoma. Haora or obstruction of the pylorus. and 
pnislaLic hypertrophy. -Since ciitrapyramidal effects arc 
marked fallowing use of prochlorperazine, caution 
should be used in iidmin is-Lering Lhis drug Lu animals 
subject lo convulsive disorders. Capsules (Nco-O-uj- 
buzinel UaaL contain neoinyiin must Mrt be used id dogs 
that have renal disorders. 


Clinical Use. tn the dug (but not the cat) a mm* 

taincd-release capsule foe oral us-c has Iwen approved 
by Lhe PDA. l"he capsule contains prochlorperazine 
dimaleate and Lsopnopamide to provide conbol of til 
disturbances associated with emotional stress. 

The injectable preparation contains 6 mg/mL of 
prochlorperazine etlbylula or the equivalent of 4 mg 
prochlorperazine and 0.3b mg/mL isopropiimitfc iodide 
or the equivalent of 0.2H mg isopropamide. The drug 
combination in the dog and cal is based on SC injection 
twice daily at a dottge as fdkrtVj! «|Code of Fedfifll 
Regulations 1974); 


Up tsl fi.S 

2.Z-6A 
AS-0.6 
0.6-20.4 
20-4-17.2 
Over 27.2 


jppjtf 

0.25 

(LH 

2- 3 

3- 1 

4- 5 



If medie t too mds to he coiliiHMd in ihc di*g. a 

change Co iIk 1 wul funli or HJElUflfaelfiUC CypMlfas 

cm be nude In 6-8 how following the I«m kijoctioa. 

Two capsule sizes are available furdugs § lhe small size 
lor animats weighing up in 13-6 kg and Lhe large size 

for dugs weighing 13.6 kg *ind over. Die small capsules 
contain 133 mg |mhliH|HuliK dktukue and L 67 

mg i m ipqnpjiiniide; ihe cIlwc Is administered by the oral 
rtiute swiec daily as foUowK lees ihan J capsule or trac- 
ciufl thereof for animals weighing less chan t.K kg, 1 

capsule/ 1 .S- 6 .B kg, and 1-2 capsules/ 6 .S-ll .6 kg. The 
large capsules contain Ml mg prochlorperazine 
dimaJeate and 5 mg isopropamidc: the dose is adminis¬ 
tered by Ihc oral route twice daily as follows: I capsule 
fair usd mis weighing 13,6 kg and ow r 

PiLxItloipctazine :md isopmpamtde have alsti been 
combbwd wish neomycin sulfj.it eo provide a pruducr 
(NeoDarbazincl lor trcatmenl of inlcctioos enlcriLis in 
the dog. It m particularly indicated in cases of oUo 
tkmal sires ihaL are asstKiat-ed with hadniil infae® 

lions, In ihc small capsule. 35.7 mg/kg neomycin Bid- 
fale is added, which b equivalent lo 25 mg aeomycka 
hue Identical quantlliH of pncUorperaune and iw- 

propionidc are present in Ihc small sustained-release 
capsule as described above- tn ihe large cupHlte, 107 
mg neomycin sulfate nr the equivalent of 75 mg 
neomycin base b added; again, idcnueal >quantkks of 
prochlorperazine and bopropamkie ace present in the 
large susUiffid-rekw capsule u described above. 
Each large capsule h rquivaleut to three small capsules 
in content. 
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TIk: twlce-<Hly Lrfal dose schedule ofthe s-mu.IL 
nit!. rwomycin-hiLse Capnk Is iLb ftdkrws: 

Mi . 0 / 

/Itfji? h'j I 1 MffJlf f JtjK! | flTWfltf AjpflfAn 

J ii 

9 - 13 J 5 i 

Owl 34 1 


The twice-daily oral dose idudttk of the luge* "75 mg 
neomycin-base capsule ii as. folltfM.' 

Hq, gf 

An fowl n'ri^ht f Ig P Jarje AynvlSri 

Over 13j6 I 

th-cr 77 1 


linn of inflammatory motions associated with skin dis¬ 
orders such m kkim, otitis, and allergic dermalinis- 
Thu drug COfflbinlifll has been advocated ifi ;m 
adjunctive Ircatvncnl m conditions such m kennel 

cough and various fonts of bronchitis. Thus this po«J- 
uet algo has antUunlve activity, 

Wiih incorporation of prednisolone inlo ihe lablet., 
ihe prepsiiuLion musi nm he used in viral infections *w 
aLocralion of ihe cornea. Healing of the cornea wilt he 
delayed or inhihitcd. Moreover, prednisolone should 
nor be used in the last trimester of pregnancy because it 
may induce premature parturition with dystocia* fetal 
death, retained placenta, and metritis. 


Medication should nut last fur more than 5 days. Mott 
eases wilt respond favorably within this Lime. If noL, die 
diagnosis ud/br therapy must be reconsidered. 

PnxhlorpeniUK edisyta (LI mg/tg) without i#> 
propumide huv been suggested ill the dog fur antiemeck 
effects (WHwI 1985). Administration was not speei- 
tied; ii was probably given by the SC or IM route. 

TriaflifipriiJEirte Tarlmtfr f'rbH&ptmfnt T&rmut, I SP 
iTemarih. chemically is JO-13-diineih y liMViim>-21- 

nicihylpmpyy 14.7), In addition 

1o having a Iranquilizing effeei, it is anti pruritic, anli- 
1ussive fc and anLihisCuminic* 

THmeparine £fi mg) is combined wiih prednisolone 

i 2 mg) in tablet form for oral admildltntiDfl in the iLigv 
which is the indy species in which this combination 
product (Temaril-Pj has been Approved by Lhe FDA 
IVicB-dtaily oral doses sre as follows: 

Wrt^ii fijfl TkbUii 

U p to -1.5 tt$ 

5-9 LO 

95-11 3-t) 

Over 18 3 J 

Fol lowing 4 days of l/Caimem. ihe dose is d KBM Wl 
tu abouL one-half the initial dose, which is sufficient to 

prevent return of symptoms, Because of individual 

variation, doses will need io he regulated in aixioniance 
with the clinical response desired. 

Trimcpja^ine-prednis4sLune is indicated for allevia- 
tiun of pruritic, Irrespective of etiology! tod for nduc 


o | .ai>rfnfr<;ec agonists 

The Adrenoceptor., AlphL-admergic agonists 
have been used by wteriuiiu lor over two decades to 

provide dosc-depcndenl sedation, analgesia, and mu\- 

clc re taxation. Xylanoe was synthesized in Germany in 

I9lj2 and wu the first u,-adrenergic agonise to be used 
as a sedative and. analgesic by veLcnnariuns. Reports on 
lhe effectiveness ol lylazine us un anesthetic adjunct 

, begun to appear in the If 70s, but it was not until IPS! 

that tylmn'r anesthetic aelion wis linked lo (faesdm* 

: ulation of central ii.-adrenergic receptors (adrenoccp- 
i torsi lHsu IVKI; though and Hutton 1 1 >SI). Alpha. 
Adrenoceptors have been idea tided in the cudkMfcu 
lar. respiratory* renal, odocrin, gastrointesiinal, 
hematologic, and central nervous systems. 

n. adrejmeeptors were originally classified into hi 

ud ct, subtypes bii^J. on the phanurolagk effects of 

yohimbine arid prazosin i Cheung et &| r 1962k The 0L- 
■dicnocoptor belongs to the group of membrane recep¬ 
tors known a\ G-prolcin-eoupIcd mptwi (Oilman 
1987 ). Transduction of a message carried by un t)L igo- 
nN into cellular responses is referred to ns Lnm^mcm- 
biuile signaling and involves, the coupling of al tost 

three LiHJlfhjnt'JlIs: a recugHm pi olein, a jcluiiIiiLc 
nuHjIeoliiJc-biiuJing. regulatory protein iG protein^ and 
an effector mechanism, When an OL agemist hinds to 

iht; receptor, a coifcrrnatkHil change occurs that feif 

hates contact with ihe G protein. The G proteins ailow 
rapid stimulaEion of an effector >ystem. Edlector mech¬ 
anisms tire EKMt often chango in tran>membrar>e volt- 

uge and teiTHHl excitability. At leuf five 
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efl"ix:lor mechanisms- (hill Lire directly m<a3ulated by the 

activated fii, adrenoceptor haw h<etn utakiifivd f Marti 

and Tranquilli 1991). For example,, the reduction in 
anesthetic requirement dcmonslnrlcd hy the supcrsclcs- 
live ft, ug-nnisl dcxmedctcmiidine is probably mediated 
by a central a,-iidrenergLC i-sorccepCtfr and invulvcs a 
pertussis Loxm-sensilivc Cj protein and a 4-uni nnpy ri- 
diDHwiidw pcuuium dauel (Dnot et aL. 19S9; 

Regan etaiL 19*9; Dow et al. 1990). Similarly* si per¬ 
tussis toxb sensitive G prcrtein-iind ll Vfflh^gC-OfKflHd 

nkJlMlk channel appear In be involved in (he analgesic 

response to tin n, agonist (Hoetui et fj. 19841; Dun hup 
and Fmhbach I9HI: Holz el aL. lUttbt. Einhujicenienl of 
the analgesic rcspanse may also occur as the result of a 
synergistic interaction between ti,-adjcncrgie afonftf 

and npiales in the spinal cord (ftwipoY cl al. 1989; 
Dresner itnd Fields jj9HHL 

The adrenoceptor hsi been described structurally as 
seven hydrophobic UlUfIK(DtafM>» domains: cflttiti- 

inj of 2XV2S amuoacidf in an a-hclkaJ configuration., 

The hydrophobic domains are believed to determine - 
the 4 peeiIkily of ligand recognition hy forming bind¬ 
ing sices Lew small ligands. The seven hydrophobic 
domains lire separated by Ihrcc inlraceilular and three 
tttattUu liir hups of variable lengths comprising 
hydrophilic amino acids. The inchedM:ir limps pro¬ 
vide the site of interaction with G protein*. 

Bflqrti are presently being directed toward dflBfiJh 
cationofft s -adrcnneeptnr subtypes, rAulu oral, I9Q5; 

Kendull I5W6: MaeKinncm eL al. 1994: Bvlund I9SK;.. 

■ -! 

Pharmacologic studies utilizing selective antaponisls- 
haw idenlificd four ti v -adrenoceptnr nibtypn?; a.^, 
CL and flLy although it ha* been suggested ihal I he 

u^, autotype may actually be a specie* homolog of ihe 
tty subtype. Although amino acid sequencing and 
chromosomal location support the existence oF cc v - 
■adrenoL'ep^iir subtypes. ihc functional significance, if 
■any. of the ix^-adrcnoceptiir subtypes remains to be 

determined. 

Xyluzine Hydrochloride. Xyiaiint HydroMoridt, 
INN tRompun, Bay Va I47(lj, was firs-1 synthesized in 
L Ws2 -und given the code name Bay Va I47CI. Chemi- 
cally, JcytauifK is 2|Z.&-dimechy!pbenylaminoF4M- 
Sjfi-dllvydnKl J-Lhiazine hydrochloride (Pig. I4.-K); n 

is related lo ckmkfioe, a drug used to control arterial 

liypuncnsjiiii in liUffllDt PlianiwuLolugieally. xylazine 
is classified m an aiutifjnicat well as n sedative .nikd 
sketeLu.1 muscle relaxant. It is noi a neuroleptic or 
tranquilizer nor an anesthetic agenl. Xylazine is 
approved by the FDA. for use in the dog, eat. horse, 
deer, and elk. 

PhAKMAOOLXXjCC CGNSZBERXIKX4&. Xylazine IS □ 
potent fi..-:alrcncrgic agonist. li acts upon the CNS by 

■cdvilkn or ftinmlation of a ad rej w ccp tort such a* the 
<i,--tidrenergic nceepiors; this decreases ^ympaihciie 
discharge and reduces release of norepinephrine. 
Receptors ihal control central neuronal dopamine am! 
uorepintphrinc storage an(Hor release arc ft, adrcnLh 



XyljT-inr 11 vUrwhluredf 


FIG. 34.N 


ccplors (Hedkr el aJ. HMjtJ). Through its central stimu¬ 
lation of CL-iidrencgic receptors. xytiLzinc has potent 
antinociceptive or analgesic activity. In addition to (jL- 
adrenergic activity, xyLazine has n -adrenergic effects 
(Kobinger and Pichlcr 1983). Consequently, xylazine 
elicits bath peripheral and ceniral actions upon Ihfsf 
adrenergic nsccplor sulnypc*. 

Xylazine has a number of pharmacologic charaeLcr- 
lsLlcv in common wiLh morphine, but it will not substi¬ 
tute for morphine in dependent nts, and its effect is nof 
■iuilagon ized by naloxone. Xylazrne tk>es not produce 
ihe CNS odUtioo usually Induced by UTCOtic anal¬ 
gesics in mice, rets, and cais. Instead, at pr^Luces 
deprc7k>ion and sedalion in these species, 

filetliH.xmcephalog.raphic studies in rabbit* and cals 
suggest that xyiizme activates ceniral a. adrenoeepfooi 
related but distinct from the penpheral ft kkcncqUnn 
(Loc ei ul. 1974). The aiULniK'iLeptLse adion is anlago- 

Oized elTei'lively by yohimbine and pipeioxan. Inas¬ 
much a* yohimbine has been classified a* a Specific ft,- 
adremureplor hlcnrlcing agenl upon presynaptie 
receptors, \ylazinc apparently induces il* ma;or efleel 
■ill Shi-K largel skt 

Xylfetiw alw .1 pndvcH skdeLal nusdt retautimi by 
Inhibition t*[ mlraneuronal tninsmission of impulses at 
ihe central Level of the CN.S. Apparently because of 
direct si imulalory effect upon the emetic center, emesis 
ii commonly induced by xylazine in Ihe cat and occa¬ 
sionally iffl She dog. “11 k chemtnrccptor trigger zone of 
|Ik ansa postrema is Activated by xylazme Lo trigger 
emesis; its action may he jii'Ci.luiicil by an opiate type of 
motacular receptor i Colby et aL 1981J. Alphii-jidrenur- 

gie and dnpami nerg ic block inp agenis lU i rnn pi event 
xylazine-induL-ed emesis. In contrast to ih< d^ and cut, 
xylazim: doc* not elicit email in canle, sheep, goats, 

bona* and Hidie other tpecki 

Xylazinc has a variable effect upon the cardicwascu- 
lar syflsut. In mauy specie*. IM or IV injection* pn> 
duoc a abort-lived 4inoriul pressor effect Followed by a 

longer |>eriL?i3 of hypertension ^nwj bndycudhL iTiese 
coni rusting actions upon the aneriai ptf^ssuft 1- 4 lppur- 
cnlly arc related lo ihc IL- and ft n -adlrenergic uclions of 
xylazinc. For example, the peripheral tr^ jmd ol- 
adrenergic acLions of IV xyfaudne produce an acute 
utleriiil vanpmnr effixl in halirihimc-anesthetized 
dogs tTranqnilli et aL 1984), l"hc tongcT period of arte¬ 
rial hypoteunjoa associated with Kylukae ippew to be 
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related lo Its central GU-adrciirej^ie action -or decrease in 
central sympathetic nervous syslem activity (Schmitt tit 

&l tymy 

Since xylazine cun induce arterial hypotension. it is 
logical to think ituu this died would interac t with oLhcr 
compounds that induct hypotension, such as acepro¬ 
mazine. Accorditf to Muir H al. (I9?9b), the combi¬ 
nation of Jtyluzi ne and acepromazine is a hemodyniim- 

DcaUy stable drug mixture in the bone. However, in 

animals with cardiopulmonary problem*. considerable 
caution should he taken in use of this lLtu£ mixtun, 

Arterial hypoLcnsion may result From a depressant 
effect ot' xylazine upon cardiac contraclility and an 
associated drop in cardiac output. Jn dogs given 
syLazine 2l> mmulev prior Co anesLbesi.ii. vtucricnlir 
arrhythmia*. including ventricular fibrillation. are 
induced with mucll smaller doses of epinephrine chan 
in nunpremedicuLed dojis (Muir et ill. 1973), Thus 
xylazuw appears Co sensitize the heart lo epinephrine. 
TranquilM eC aJ. (1986) indicate thal sylazine docs 
indeed significantly decrease Che airliy Lhmojrenic dose 

of epinephrine in halothane-iLncMlKii/ed dogi. Recent 
work, bffirevcf. suggests that chi* dues not occur when 
administered in low preanesthetic doses tLemke el al, 
119921, 

Cardiac output is decreased 5-10 minutes following 
JV injection of ayJazine (0.66 fflf/lg) in the pony and 
then returns Cu normal in 13 minute* i Gamer tit ai, 

]97la) c No significant alteration in lhe syttemk arte¬ 
rial pressure and cardiac rjue occurs 2 minnle* after 
administration in I he pony, In lhe horse, alriovetmicu^ 
Jar (AY) aortal block of the second-degree type occurs 
(McCajihin and Gabel 19751, Additionally, jljIazIjk 
may induce First- and dud-degree AV Mock in the 
hnrse; Incomplete AV Mock generally OCCWB wiihin 2 
minulcs of the beginning of TV inpciinn and sponta¬ 
neously disappears hy 4 minutes after IV injection of 
xylazine ("t'ranquilh el tiJL L9A4). 

A tran?sietH second-decree AV block is induced hy 
xyluzine in the horse with IV doses of >11.55. LI* and 2.2 
mg/kg I Kerr ct at. 1972b). Atropine sulfate (0.03 I mg 
or mure/kgE administered intravenously ami immedi¬ 
ately before administration of 9 s.yla 7 .ine prevents the 
lieatT block. In a clinical evaluation of xylazme in the 
hor^ti. DD cardiac alterations other than bradycardia 
were reported tHoffman 1974), It is well kntiwn IhaJ 
horses have lunctUmal or second-degree heart block, 
especially young auimaEs. Ets incidence may he as high 
as Ititt. and J| fo nut M liJ tf tJ a pathologic entity 
because it disappears following excitement and admin¬ 
istration of atropine. 

In the bradycardia and second-degree AV 

block probably occur from iucmced va£a3 activity 
caused by ihe vuopiwor effect of lyllliK it Knight 
1980), The systolie and diastolic pressures increase ink 
Cially ful lowing IM injeetkui of xylazine (2.2 mp/kg); 
bradycardia and a duuu in respiration occur. Addi¬ 
tionally, the marked depressant effect of thiamylal 
sodium and halothane following xyla/ine administra¬ 
tion is also atrvum isee Fig. 34.9). General amdietks 



ElLj. L4.9. Mc;m hlrKs.1 prcmnc iaJ henrt aik) respiraiory 

fates i.dclL'Einiflufmms un 11 horses). Xyla/snc wa> injected Jl 
■‘IJ" limu. ihiamyliil wav iJe lC td || 20 maniilus, ami 
lukriJuine inJiukilKMi wa-t Jtwiu hum 21 Ui miniums 
iMcC'usliin andCrabel L975) P 


musl he cnuiinusly adminisiepcd and modbjiorvd follow¬ 
ing use of aylazinc. 

En the dog. [V administiatiLWi of xylium" (IJ 
mgiTtg I dcUaH heart raLe and aortic hlood flow: there 
is an initial increase in artcnaL pressure and peripheral 
resistance (Klide et al. 1975 j. Increase in artenal pres¬ 
sure k tnuifllt ydd in followed by decrease in pres¬ 
sure. Additionally arieriiil pH, P and P C0. do not 
change from control values Following this dove of 

xylazine in the doc; I Klide tit al, 1973), 

tV injection of nifedipine (20 pg/kgh a skiw-channel 
aldtUQ-blDCkiltg Igni, blucks the initial pressor 
action of |V jcytizbK (IJ ng/kg) in Lhe di^ ancs- 
theti7CiL with hflLoduue; in addition to blockade of 
w lazine-induced acute \3soconstricticui mediated fav 

p m 

ti-.-adrcnerpic reccplors, mlcdipinc bbcb the CsT 1 - 

dependent action ol xylaztne but not its ut, -adrenergic 
receptor actkifi. Also, sinus tachycardia and/LU scound- 
degrce AV bkx:k induced hy xylazine are blocked hy 
miledipine. 

Cardiopulmonary effects of lhe comhinaLion 
jiylazine-morphine taeve h«t> evaluated in the horse 
(Muir el al, 1979a i. In anin'ials given ay lurin g W.hb 
rng/kg ?■ and morphine (0.12 eir {kfuS mg/kg) intfiL- 
ss?rK»u*ly. a dficntt in heurt rate, cardiac output, and 
respiramry rale octun, Ceotnl venous, systemic arte¬ 
rial, :LihJ pulmomry mediil pressures also iofleu. 
Arterial P O\ and P O. as well as artenal pH remain 
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unaltered MkDwmii admin irtnikm of 1 he KyluiK* 
morphine- comhtnaiiLidv 

In the pt^snno statistically significant alteraMon* 
ucw in arterial pH, P TO,, or p p, follow i ng IV injee- 
tuw of syUuoiK (0.6— 1 mgAgit do significant change 
OCCUEl in Lidal and minute volumes ai IhtiS dktfage (Oaf* 


Krtfat 1971b), 

There ii (into iltontim in Benin decbolym fed low¬ 
ing IV administration of nytezioe (Li mg/lg) in the 

horse (Short l-L al. 1972). Electrolyte value* Lire affected 
only by *j decline in the poUis-sium level. Scrum prnletn 
levels miinun unchanged, 

In the bone, rhe viraial inltulc effecli of 
xytune wen c om p ared u ith hmorphunol, meperklM, 

±nd potuodfH (Muir and Rikhertson 1985 k Viscera] 

pain (colic I w» produced hy inflation of a baUoon in 
due cecum. Of the analgesics studied. xylulae induced 

the best wlgHta Moreover, die lyUziu-iDduced 

wu Inogesi (ah«w 90 tainu te*}, followed hy 

huicwphannl {about Ml minutes |< and then by meperi¬ 
dine and pentazocine (ahout ."*0-35 minuted S-imi-L;i-r 
result have been reported qq the analgesic action of 
xySazine in panic*: obtundation at" superficial and vis¬ 
ceral pain by ftylatifie persisted 3 and 4 hourv, respec¬ 
tively (Kalpnyidb tt al, 1984)* 

In ettk, urine volume or output i> ^reuiLl>- iacreased 
for ahout 5 hours following admi insertion of xyhizine 
(Thurmon ec ;d. 197111. Urine decrease^ in cattle 
during Ihc llrsi hour fallow-inf! administration and then 
incmaca. Glucose Lh doCoctcd in bovine urine of 


ftylBbe^Kilfid wtttub 15-30 minutes after injection - . 

il teaches a maximum in 2 Itourt and is undetectable at 


5-6 bom. Ad di tio na lly, plasma hwitiii cancel (rations 

dacraae 25-33% in cattle-1 hat receive gyl-uzinc by the 

[M or IV route (Sy moods and MaDiumi I91B). 

Administration of insulin 2 $> minutes alter injection of 
xylttilH induces a lapid drop in frigid glucose and 
reduces the race of .glucose production hy the Liver. 

Ruminants arc the mow aenririwc of Lhc domestic 
aninwil* to the actum of xyUznta. In cattle, iknes that 
produce deep sedation and analgesia me onc-Lenth 
those required in burses, dogs, and cats (Hopltiils 

1972) Boriyoudia and taUntim arc leueaed or pre- 

vented in euiik hy giving IM atropine (Ovll mg/kj) HI 
miuuies prior Lii injceLion pf xyliuinc (Brown I9H6 l 
I n Lhe young Hereford calf* hemodynamic effects of 
xyta/me (U.22 mg/1 IK) kg I administered mtrnmuscu- 

lurly ate quite umttvtotixne observed in cuber species 

in krill anesthetized and unancsthetijed antes r Camp¬ 
bell d al. 1979]). Effects include hriidycmdia und 
decline in Lhe cardiac - output and stroke volume as well 
as incieued lcH4j] peripheral resistance. In oilier species 
(but not in the call) xylarine initially increases mean 

utcriil prcuurc. After!ail pressure of the calf is 
markedly lower al 4 minules after 4idminisiralion than 
ih-iii control andauds (Campbell ci al, I979) r la the 
goat, ]M iuJminisiraEion of xytaz.ine (0,22 mg/kg) 
refillls> in npiAmd reduction in renpirativy Title 
(Kumar and Thurmnn 1974). The mean arterial blood 
pressure and rcclaE Lemperiitere remain unallcred. 


The pig is less- affected than any of these specif*, and 
dust level A are reported to he 20-30 limes greater than 

those required in CiUk. According In Benson and Thur- 

inofi (1979), xybsite is not (Iftetivt in iwine, 

Tos icily Lri^ils in cattle have sbenrri lhal the median 
lethal dose of xylaone iii adult cattle is Llitet times Lhe 
highest Kcofnneoded dorcDfOJ mg/kg. Acmdiug io 
f bpkiu (197 2K iliislssbt ti oka the dose race i ndicuLed: 
for the majority of dlidcal cuts. 

]M .cylaz.ine 10.0K.-IL I, or0.2 m^ >r kg|i induces u dOK- 
dkpendenl inhibition of reticukirumcn contractions in 
cattle (Ruekebmdh and T<JUtain I9H4). Us acLion is 
antagonized or quickly reversed- hy either the IV (0.2 
ilig^'kgl or SC (0.? mg/ltg) udminisLratiuri of tolazoline. 
imaratugly, muual activity is increased by xylazine 
ill sheep -tBrikus eL fiL I 9A6)l 

Apparenlly. lhe effect of aylazine on Lhe body lem- 
pemLure of cattle is variable and may depend on Lhe 
s-ite of the due ■iidniinislered. In tine study, idler IM 

KyhaiiH (0.4 ittft/kg) administration, the k^dy terqper- 
amrc> pulae ^n-ie, aod tespiTukiry rate exhibited u 

decrease lasclnp fen almost 2J hMrs i rkvclcul ei al, 
1:975). Bm another vtudy. (be body temperature of cattle 
reached a. ptti k increase (L'9* C) 4—5 bom after ih-1 

ii^ectfoo of 02 itig/kg xyluliK (Youag 1974). It 

wmilnwl elevated after 1 2 boufa and did not return to 
prctijectloQ valuet unLil 18 liimirs after infection (Fig 
W.IO). 

The type of sedulion produced hy xyluz.ine in cattle 
cloftdy thhuUh that produced by chloral hydrate 

(Clurke and Hall IVWji, Moreover; anlgttii is not 

present except in deeply Aedttfced unimals; supplemen- 

^iIhiih With u general lW N-iCilI ant-'NllKliL' ls Ifffilftfy k? 

prevent iiKivemern in mponte icj nociceptive viiinuli. 
More inlormulion i.% needed to establish (he efficacy 
and- safety of xylube in caule. 

Metabolism and Euminaiion, After im Kknvnii^ 

iriKion. uhsorptinn ol xylizicic is rapid, with, u half-1 il'e 
of 2.8-5-4 minute* (Garcia-Villar el uL 1981). How¬ 
ever, i( Is incompteuly absorbed since its hioavailiibil- 
i(y range* ftwn 52 to 90ft in Lhe dog. 17-73% in sheep, 
undl 40 ill |Ik bone. FfiMrihUliL’ll is rapid, with ;i 
ImriMife between ] .2 and ti minutes. The apparent vol¬ 
ume of distrihulion lor \yla/ine is 1 .9-2.7 [Jkg in Lhe 
dog. tune, sheep, and cow (Gareia^VUlar et aL 1981). 

T\w half-Ufe of eDtnodnation after IV admlnmniioii 
of it single dow of ryluim is 49.5 miiDtei in the 
hor?»c, 36.5 minutes in cattle. 23 minutes in sheep, and 
30 minutes in Lhe dug. Flas-mu. kinetics m cattle jire dif- 
llctili to relate to some of ihe sostaioed clinical effeeis 
of the drug. The short luilfdift of Jtylutoe in cattle 
(Afr.5 minutes) coclfarts with ihc duciitiL?!! «if p.^lyuriu. 
(5 boon), hyperthermia (IS hours), hypothermia |24 

hours h pfLKHrulion after a high dase (36 hoonk and/nr 
appcaraocc of diarrhea (about 12—24 horn) after ijijjec- 
lion. Similar Lo the nonsteroidal anti-inflamniiilory 
agents-. Lhe plasma hall-life or elirniiNitii.Mi half-life of 
jnyla/ine canniri be related to toe hturre biochenrucal 
and physioIngic effect*. 
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FIG. 14. in.—B1T«I nf TM injccticm erf 11.2 my/lp. cyla/inL 
on body temperature. hcun ml?. nrxL vnpntny rate < Vtiunji 

a™. 


In rati, iitilv tSTv of she intu^S, or unchanged, drug: 
appears in urincg, whereas in cu 1 tlc less I hum 1 % 
unchanged lytunc eh eliminated 2 hour* after iidmiri- 
isLraticm (Duhm el ill. I % 9 : Garcia-VLIIaf cl ill. 1981 k 
XyLuzmjc undergoes. rapid metabolism- jfkUilg about 
2 fl nx-Labulites in rats. f-eak OtCMiOfl of netllbolilH 
occurs between 2 and 4 hnure after iidminiviraLion of 
aylazine m call lei lhi% suggests Shat the drug is. e*ncn- 
gfwfy metabolized. A meuibnlite Ihul muss form rap- 
irijly in euUle in 1 .ummts-S-fr-dimcIhyhirn/eni," lAPflk 
which ;rppears in urine wilhin 4 hours ufter an EM d'.^ 
(therapculic keveft i> wlmmislcred (Puller and Sugiwi 
1973 ). AOB probably forms from oxidtiLve m 
hydrolylic breakdown of tiie thLazine ring. 

pKtt'AUTLGNi AND CONTR.AlNT?IC aTIONS. XylSEUH 
must mu be used in fnod-pncxlucing. animals or exist as 
a drug residue in prcalucts *;me Lit. milk, tggft) intended 
Cor human ctHiHumpLion. Since aylazine appear 1 ' to Sffl- 

rids this ht'art Hi □piiiuphfiiK, LdJilliIlisCraEiLkili of epi¬ 
nephrine m contramdicated. 


Use of xylu?inc shoubd he careful ly considered when 
ihe following euunplkaiions or eondiiions exist: (I) 
eardiue aherralions ixyhurinc induces arrhythmias and 
i s also a direct deptc^MUil of the niyocajdium^lS) arte¬ 
rial hypotension and/or ^hock (further enhanced by She 
hypotensive 1 action as well as reduced cardiac output 
effeer of xyluzinci, p) renal impairment (wndGd via 
the kidney) H 1 4) hepatic impairment ^apparently ibe pn- 
cr'iLsrv degradation of xyldjrine is dependent upon a 

t fuictHWiJ liver), and (5) epilepsy (may possibly pnr- 

; ei pirate seizures in susceptible animals ju 

Arnxnalf should he handled carefully after xyiazine 
is administered. A false sense of bceurity may result in 
injury io personnel because animals can respond by 
kicking iff reading in other defensive ways, Inlra-arle- 
rial injcecii.wi of nybuine should he avoided. See Chap. 
12 fi.Hr discuss inn of problems tmcHled with intra¬ 
arterial injection of anestlietic or iramiLiib/ef agents. 

Xyluzine must be ned cautiously ill ^injunction 

with neuroleptics or tranquilizien. Additive deprewant 
eflvots occur from use of xylazinc and barbiturates: 
use of barhiLurulcs to induce aneMltesia DUt be sit a 
reduced dosage level, and bar biluraies must be admin¬ 
istered slLTwIy when injeeied by the IV route. Use of 
Kvlazine in combination ftith ketamine musl he care- 

| H 

folly considered in animals with cardiopulmonary 
complications; see discussion in this chapter send 
Chap. I2r 

Sudden dcaLh occurred in a nervuu-s Arab still I inn 
suffering from mild colic following IV sidminisinnion 
of 1 mg/kg xylazine (kuenles 1978k Instead #f reds- 
lion. CNS excitation suid CHTVUfariDH tk^elLKperl nhc^e 
. tymptom it similar to ihose seen after an intra-ane- 
rial injection of xylazinck This wu followed by col¬ 
lapse and death about 2 minutes alter injection, Hk 
action oJ xylaime during stress and/or release of epi- 
nephnne in the horse apparently has. no! been MdJtoJ, 
The effevlH nr imeraciion of xylazine und epinephrine 
release in like ec|uine speciei remain io he dclermincd. 
A question has arisen about the possibility of epineph¬ 
rine reveniat or hypotension lollowiiig xylazine., Con¬ 
versely, xylazine has a h yfUimff c cfleet of longer 
duration Lhun (Ik initial pccuor effect ill the horse. 
Hypotensive aetkm of the drug may be iHpouiUe for 
enhancement of the shocklike effect fflf colic. A cau¬ 
tious approach should be taken whenever kylu/.iiie is 
used in treatment off colic. 

Ttosteoidi in a 6-yeir-okk 400 kg Stindwdbred geld¬ 
ing developed after IV injection of xylazine (3A0 mg) 
and reserpine (I 2.S my i ([Joydel a]. I9K5). A number 
of side ctTecLs. including sporadic episodes- of colic, 
occurred. It is obvious that an undesirable inlcruetion 
heLwecn xylazinc and reserpine occurs,. Thi^ combina¬ 
tion of drugN- Li ccmtraindicated. 

Vc-ntncular fibrilluiion has been reported tn one 

hmfsc iifter rec^iviEig tl.S my/kg syb/iue IfrtnvcOMHly 

iSiefTcy et al. L9$i.4|i, Although the incidence of this 

happening is cons-idcred Lo he rare, caution needs to he 

taken in administration of KyltzllK to animals whh 
i ■ 

| ciirdjac complieafenSu 
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Species 

JfiLfuveihriJs 

lurinmjuDukr 




Hcifse 

0.5-tJ 

1-2 

C-Hhte* 

OUD3-O.I 


Shttp" 1 

(kitS-4U 

a i-b.i 

Goal* 

DJ0I-0L5 

oos-as 

Fig 

■ ■ ■» 

2-3 

Dog 

0,5-11 

l-Z 

Cut 

0.5-1 

1-2 

Birds 

A ■ ft: 

5-10 


■bwei <Iaim: sihHLiki be n m - J if sedanktri without reeiim- 
hency is desired 4 Kingld 19Wlli. 


In it Sic dog. two precautions in Ihe use of xylmiiK 
need In be emphiis-i^ed Find. brudycJUXliA. heart bl«fc* 

iuhj severe arterial hypotjcn^i can occur* second. 
hliMt (apparently from aemphagia) sometimes devel¬ 
ops. Breeds such a* Ihc Bass-el Hound, Great Dane, and 


Irish Seller appear susceptible to bloat and! may require 
ertlCfgcncy trcatmcnl several hours after admin islration 
of xyluifie. Bor radiographic restraint. xylazinc should 

be avoided as a sedative because gsewus- distention of 

the sinmach will occur: this makes radiographic inLer- 
pretBlinn more difficult. (Fclfcers Ly843 

Dehiliiated animals with depressed revpiralann,, car- 
diae disease, ratal and Ihw impairmeni, shock, or any 
-nther stress conditions should be carefully monitored 
wheiww xyluilK is administered. The drug is eon- 
traindieaied in animals within the Ja.sc month af preg¬ 


nancy, since it precipitates an early parturition or abor¬ 
tion (Jones 1972). Xylu/.int should not be administered 
to dehydrated cuLLle Mr thuse with urinary obsmiCtiOfl 


(Brown 



OnSAQG- Doses of xylazinc recommended in domes¬ 
tic animals are sum manned in ‘[‘able 14.1, 


EnDURAL ADMLNmiCAllUN. Ill funlwss, KylaEilK has 
been found In produce more profound and longer-last¬ 
ing epidural analgesia than hdccainc (Bikes et al. 
19B8). Xyla/ine-mduced analgesia is not accompanied 
by the ume iwhdt bJocfcaie as with bocal anesthetics 
(LeBlanc et al, 198SK but xylazine has a significant 
local iiJX^lbeiie effect (A/iv. and Man in 1978). This 
effect cannot be blocked by an cL-adrerccrgic antago 
nisi, suggesting a membrane-stabilizing effect of 
locally applied aylazine (O'Regan 1989). Id horses- 
duration of analgesia has been significantly kngitend 
by coiidminiMruLion of xyldAite and lidocainc (Grubb 
etui, 1992). 

In cattle, the cardiopulmonary depressant effects- of 
epidural xy lazinc. but not the sedation or regional anal¬ 
gesia, were antagonized with tolazoline. an Oc, antago¬ 
nist (SfcHfdi et al. 1990). Similar resulLs have been 
reported in conscious sheep in which dose-dependent 
regional analgesia of the foreJimbs was produced by 
irttrathecaHy linimi^ivd xykinr and abolished by 
intrathecal idazonan. an a, antagonist (Waterman et al. 


1988). This- would suggest chat at taut part of the anal¬ 
gesic effect of xylazioe is produced through activation 

of spinal cord (L adrcnDceplGitk This mechanism of 
analgesia is also supported by prulongaliun of epidural 
opioid analgesia with coudmmkLrati.on of other tiL ago¬ 
nists. such as rnedetumidme I Branson el al. 1993). 


Ci jnica i. Use 


DOGS AND CATS. A commercial preparation 
containing; 20 mg'iriL .xylazine is available for IV (LI 
mgAig).* I ML Of SC (2,2 mg/Rg) udrmtii Oration in the 
dog and cat. In dogs weighing over 22 kg. an PM drae 
of 1.1 mg/kg is usually reccmafiiemkd for sedation and 

analgesia. The analgesic effect produced If- pronounced 
over head, neck, and body but is minimal in 
extremities. With IV barbiturates and inhalant 
ane--!belies, smooth, rapid induction of anesthesia is 

achieved along with uneventful recovery. The amount 

of IV barbiturate iteeded to induce anesthesia is 


decreased by about one-lulf or more i n the dog and cat 


Inhalant anesthetic* are also reduced bur administered 
to effect. 


Onset of action after IM Of SC injection is within 

10" 15 minutes, and after IV td&ni mstration it occurs- 
within 3-5 minutes in dop and eats (Newkirk and 

Miles 1974k A sedative or sleeplike effect occur and 

appears to be dose dependent; this effect usually lasts 
1-2 hours. The analgesic effect lasts only 15-30 mm¬ 
oles. Complete recovery fioin syluzirte varies with the 

dose administered. Recamcy is usually complete 

w ithin 2-4 hours in the dog and cai. 

For restraint of the dog in cystometry, an SC dtog of 
sylazine (2.2 mg/kg) is the only drug LhaL has proved 
adequate without interfering with the micturition reflex 
(Oliver and Young 1973). Xyluloe significantly 
decreases- (26-7 1 9b) ttu: unumm of pentobarbital 

required m induce general anesthesia in the dog (I .jcu- 
ata and Sllbang 1973). Depth of analgesia produced by 
xyluzine alone is imufficienl to penrnl endrutracbeai 
inluhalmn before administration of an inhalant anes¬ 
thetic;, after admin ist ration of sylazine, the inhalant 
anesthetic can he delivered easily with a face mask and 

then cun be followed by intuhminn (Moye et al. 1973). 
IV xyltziK (I rngfleg) and IV ketamine (ID mg/kg) 

admdiiisDered 5 minutes afterward is. a cfmumm combi¬ 


nation used in the dog for general anesthesia I Haskins 
etal. 1986a). 

Emesis occurs in the majority of cats 3-5 minutes 
following administration of xybrnine (Move et al. 
1973). An IM dose of 1 mg/kg is considered an opti¬ 
mum level for inducement of emesis in the cat; how*' 

ever* analgesic effect! arc not observed at ihi* dosage 
(Amend and Klran 1973). 

In the dog,. emesis may also occur following 
nylaz.inc administered Ln large doses. The emetic effect 
is, clinically beneficial in emptying Ihc stomach; this 
prevents the likelihood of vorni tus being aspirated into 
the trachea prior to and duri ng surgeiy. XyliizilK cun be 

used to perform cesarean section under local anesthesia 
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without a depressant effect developing in puppies 
(Yates LV73 )l Ketamine hydrochloride has also been 
used in combination with xylazine fur c&aftafl section 
and other procedure* in the dog (see Chop- 12k Deaths 
have occurred in two German Shepherds within 2-1 
hours following use of xykaztne and ketamine (Kirk¬ 
patrick I97g>. Both animals were amhulsinry and were 
sent liin'K - . they were nesting comfortably in the 
evnjflf only to be found dead by morning. Until more 
information is iVflMIc vm ihe safety and efficacy of 
sylaziTtc-keCiimine* caution is suggested in dk of the*c 

agemsi see Chap. 12}. 

XyllEBH pncmedication is recommended to elimi¬ 
nate muscular hypertonic effects in cats during keta¬ 
mine anesthesia I Amend et ill . 1972^ Amend 197511. A 
combination in which [M lyluzinc (0.55-1.1 mg/kg) is 
given as a preuesthetic. followed 20 minutes later with 
im IVI injectiun of keLomine (15-22 mg/kgjk provides 

analgesia and relaxation in an average of 50 minuses. 
Xylitzine renders the cae relatively insensitive to the 
patn often associated with injccticm of ketamine. Keta¬ 
mine anesthesia in cats is significantly increased by 
\ylazinc (Waterman 1985). Additional ly* it prolongs 
the plasma half-life of ketamine (almost doubled, to 69 

minute-si and significantly delays formation of the pri¬ 
mary metabolite of ketamine. 

Alsu. xylozinc 12.2 mg/kg? and keEamine (] I mg/kgj 
administered kTtruniscubriy are used in cats for surgi¬ 
cal procedures requiring general anesthesia of Jess than 
1 hour (Faulk 1978). .Since etmu usually follows 
JtyLuzine injection in movi cats within 4-H minutes or 
less, ketamine is- injected about 10 minutes following 
injection of xylozinc. 5w Chap. 12 lor other informa¬ 
tion cm use of keUmtne in combi run ion wiih xybuinc 

in ate. 

|[OR!SELK. A commercial prepliratLon containing MX) 
mgfmL xylazirte is available fur IV (I.I mg/kg} or IM 
(2.2 mg/kg) use in the home,, Xylozinc mut not he uwd 
in hur>es or other animals intended for human food. 

In she horse, doses of about 2 iug/kg xyhi/ine have 
been ghto by IM injection 13-20 mnutea prior co 
thiopental todhun or meihohexital sodium anesihcsio 

(Clarke and Hall 19691. Two to 3 mg/kg are reported to 
produce rapid, deep sedation lasting about .HI minuter, 
folhwud by rapid -iwnvvry. C •! I -.-1 climCal n:|Mnis irl tlhr 

liorse pertaining to duration of effect are essentially in 

igneOHtrl with the observations of Clarke and Half 
After an IV injection of xyLazine (M mg/kgh onseL of 
effect is maed in i-13 minutes after injection: in 3 
minutes the head drotrps; in 6-6.5 minutes the drug 
exerts its mi si mum effect and will continue 10-15 
minutes (McCtadun and Gdbd 1971), 

According to McCashinand Gabel (1971). xylazine 
is mure dependable and hues resulted in a higher per¬ 
centage of quieter recoveries from surgical anesthesia \ 

in the horse chan when promazine hydrochloride or ■ 
aceprorwine maleate is usft! for preanesthetiv med¬ 
ication. They concluded that ihc most satisfactory dose 

of xylazinc is l.l mg/kg. intravenously or 2.2 mg/kg 


iiiLramu-vcuhtTly, However, weak or debilitated aniruls 
should be given a lower dowr. fMftteukfty if the drug is 

administered intravenously. Considerably higher dous 

of xylazine than those recommended rarely produce 
rectKnbeocy in ihe tune; however. jtninuLli may 

become inenondi noted so that it is difficult to work on 
them tMcCashin andCiahct 1971 k 

Within a very short Lime alter IV injection m the 
horse, the head churacLensCically drops or droops. I tie 
only dtsvftinfage to this effect w ihc difficulty in 
examination of the mouth or passage of the endoscope 
fMeCashin and fiahel 1971)- Assisting personnel can 
hold up the head so that examination of Che mnuch can 
be conducted. Hypnotic congestion of nasal muon 
sometime* occurs in ibe head-down position Muscle 
tune of ihe animal is deemed after administration of 
xyla/ine* difftcully in walking occurs Boon after the 

drug is administered umvcncmly. In rata and geld¬ 
ings. prolapse of the penis sometimes occurs but para- 
phi mosis does not; the effect upon the retractor muscle 
af the penis If lesv chan that reen with promazine 
(MoCuUii and Gabel 1971)*. 

Xylazine administered im ravenously (LI mg/kgHir 
intramuscularly (1.2 mg/kgl prior io induction of anes¬ 
thesia eiLher with thiamylal or vuth Lhiamylal and 
haJothane is a saLisfaclory preanesthetk’ agent in Ihe 
horse: less respiratory depression and greater cardio¬ 
vascular stability foil™ use of xylazinc than with TV 

administration of 0.66 tng/kg aceprumazino t Kerr el aL 
1971a), Of the drugs evaluated in the hof\e, xylazine in 
the presence of epinephrine release is less I ike ly to pro¬ 
duce tachycardia Ihan ucepronuizine 1 AiLken and San- 
ford fc 972K For other laEbnurioo on Che use of thi* 
amylal with xylazinc, see ihc 7lh edition of rhis texi. 

For preancsthcnic purposes in Ihe horse, tV xybzine 
is administered ai a dose of 0-35—LI mg/kg (Short 
1974k Jn addition. aLropine (04)45 mg/kg) is 4idmmis- 

icred subcntueouflly «imnmuctilirty. 

Hoffman (1974); found ihc sujLlativc auj analgesic 
cfifocts io be good to euclteol in itw and 81% of ihc 
honec re^pftiively following IV admuAibH erf 

xylazinc; the optimal Jcm is L.L mg/kjli The quantity 
of general anesiheiic needed is [he same as when pro¬ 
mazine is used as a prcancslhelic medication. Alllw^ugh 
recovery is rapid and lmoodi oiler general anesthesia of 

shLtrt duTuLuiii, it is Ilki rapiiil aibd LiifEen \iokiiL wlheO 

HHthesu u proloflged for 45 minutes or nnwc i Hoff- 
nian 1974). 

Klein and Bocljer (1974) as well US Klavann (1975] 

have found that ewimbined use of xyla/ine utid mor¬ 
phine provides sati^fueiory sedation and atialge*ia in 

Lhe sCahdiiig Ihorsci. Xylaziibe ( 1.2 mg/kjc) is iLdni3iii\» 

terod intravcnnuslv; this is halkwed 5-10 minuLes later 

■ 

with IV injection of morphine (0.75 rng/kgj. These 
drugs ore useful for suLuring wounds and exlemal sur¬ 
gical procedures. Aspirataun or injectiun. is possible 

into the jotat of u horse il^Lt would otterwiK Ht toler- 

m such a pftKvdur't- AsefT^vis irf xy la-zinc Lli^ippcar, 

animals may hccranc cxcitahtc jmd restless. IV adniin^ 
iHkralit:m of Icvallnrphzn tortralc (<04)23 mp/kgj is 
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ircommentfcd to relieve or prevent exdlibk effects of 
morphine iKlavann 1975), For preiUiescheihiv pur¬ 
poses. xylaadnc (0.22 mg/kgj and morphine 12—1>_IS 
mg/kgj have been used intravenously. 

Xyluiiue (LI mgAsg) is administered intravenously 
about 4 minutes prior in IV ketarnme (1.65 mg/kg for 
pooits and 2.2 mg/kg for bhra). i"his combination 
provides tvtubetofy iaductioni of anestheisi-ii far tra¬ 
cheal incuhjiipis (Ellis et id. 1977V 

HI wm 

Xylazroe 0.1 mg/kgi given uvtnmnott&Iy, followed 

in 2—3 minutes by ] V heMinWH (1,65-2^ mg/kg) 
vidfi 12—15 minutes of surgical anesthesia in cine horse 
{Heath 1977), An IV dose of 1.65 mg/kg tetanuie 
rouIts in about 30-12 minulcs of recumbency, while 
2.2 mg/kg intravenously provides 15 minulcs and ocea- 
sumully up to 21J-25 minutes. Xylazuic ( 2.1 mg/fcg) is 
wed ImintiiHflilyly 20 mtbulH prior to IV udmims- 
traiioji of fHjfamiiD (55 mg/kg) in 5 % itsirem 1 

Imnniiite^ after induction of uhUksIa with guaife¬ 
nesin, IV keiamine 1 1.7 mg/kg) is admiiiLsuied I Muir 
el uL I97HI. AncxLhcsia can he maintained wish 
inhalant anesthetics sum'll as haJolhane or enflurane. 

Xyluzine has also been used m combination wish 
ketamine and diazepam I'nr short-term anesthesia jft 
horses. [3rtsjg.es- of Ihese drugs are covered in rfoip, 12 
under clinical uses of ketamine in horses. Since there is 
increased risk of using a combination of xyla?.ine and 
kelamine m animals aJTlicLcd with cardiopulmonary 
complication*. caution is advised whenever this combi¬ 
nation of drugs m admird&tfioiL 

Xylazinc (LI mg/kg I has been med prior to induc- 

lion of [hiopejiLal (4,4 mg/kg J uKfdttfit in |lie Inir^ 

4Rtiicr;L el *a|. I98()j ll i> given intravenously 2.5 min¬ 
utes bdoft IV liiHipciEita] (lOtt-)r Wiihm 1—2 minutes 

die horse quietly btCOfttCC recumbent, Approximately 
15-20 minutes, of effective analgesia appears to be pro¬ 
vided by this combination of drugs. Minor surgical 
procedures such as castrations, sutunng lacerations, 
and removal of cotmeouB tumors cm be carried out 
following adminulnttoo of xylazine and ihiopenioh If 
necessary; inhalant anesthetics can be administered to 
maintain surgical uesthesia. 

Xylazine (0.055 mg/kg) given intnvttHBly is rec¬ 
ommended for dental ex-ammarinfi of the horse (Scog- 
gins 1979)- Doses- in excess of this result an omSHb- 
Hon and cause an undesirable dropping of the head 

XylttilK also has been used Hcccssfutty in support¬ 
ive therapy for controlling Fed lowing cWrvf- 

ium n't cJirr injections in horses (Bcnun I9H01. A num¬ 
ber of analgesics lute been eompared for their efficacy 
in un experimental colic model. Love(l982)lm found 
that xylozinc is the hesi analgesic agent for prompi 
effect in alleviating the pum of colic. Since xylazine 
hsis an arterial hypotensive auApuai vtuii possibly 
could enhance tin; shock I ike effect of severe colic, a 

caution approach is advised whenever it is used for i 

this treatment. \ 

CATTLE, Xyla/iiK is not approved by ihe FDA for use 

in cattle ami has been the subject of scroll malpractice 


suits in ihe USA (Ames 1979), ft would be tmy to 

overdose auk, since they require only one-lcnlh the 
dose of xyliaK on y body weigh! basis as bones, 
Aigs, and cats 

Rickard at ai {1974) administered xylazbe (0,22 
mg/kg} and Hvopine (0.044 mg/kjii imrumu^cularly in 
hull s of mmd breeding; the ages of ihe ankoub were 
15-24 months and tattly weights were 500-400lip. Ten 
10 15 minutes after administration of ivlazine, ihe ani¬ 
mals became recumbent m Ihe sternal position. They 
were then placed m lateral recumbency and restrained 
with i baiter and leg ropes in preparation (or ckciro- 

ejiicuhiliou and semen collection. In a fourth series of 
semen collKlkns P aytazine in a dose of 0.22 mg/kg 
Wjis ohserv^d to be levs effective. Inasmuch as the ani¬ 
mals iUtenipled il* Mud during dn* Hectrostimuhition. 
an addilis^nal 2(1—1(1 mg of the drug were jLlminisieiX’d 
Li> niaiiiLaiu restraint. With semen collection extending 
through a 3-weck period that required repealed admin- 
istnilioii of xylii^me. this additional dtisage could poa- 
siWy indieyre tiut iriduclion of uktuoiul enzyme 
aclivily had kcvtpkL If », a lapid degradation 
and meiaholi.Mu nf ihe drug would re*ull, Also, the 
decreased respond c^uld he dih- m xylaz iue or agimisL- 
knduced decreases in a.-iidnrnergit cell receptors, A 
decrease in ihe cell receptor number is referred to a& 
“dmn-regulation” by molecular phanniicologists. 

An IM <lose of xybzuc (0.09 0.35 u^'kg:) prodUKH 
lighi to deep pedatim in cattle (Hopkins 1972). IniTu- 
venuusly. xyluzanc (0.05-0.1 mg/kg i produce* basal 

narcosis- in cattle for 1—2 hewn (Clarke and Hal I '4b9 

Sediition ?ind flight muscle relaxation wiLh the animo] 

iu the vLiuuling position were nep<Mlcd following an IM 
dose of 0415 mg/kg tlcinh.*^ 1972). Xylazi» (0.1 mg/kg) 

At increased IM dosages produces giusl udAtkA, 

marked muscle relmuteiHi, ^iikI slmiiv ;ui;dgi B si;L; Ihvs 

dcwtfe urddnarily albnvs. the nnimal to remain in the 

standing position but may mult in recumtxtKy At still 
higher JM doses of xylazme (0,2 mg/kg), deep sedation 
and a useful level ol analgesia are induced, with the 
animal usually Lying down. Following administration 
of Lhis dose, Lhe fint effects are noted wiLhin 5 minutes 
and the maximum effect is induced 1(1 minute^ laLer 

(Jones 1972 )l 

Xyhmoe induces a marked degree of sjiiv^Lion in 
rumiiuuiLs. PreiUk'slhelic medication with atropine par¬ 
tially reduces ihi\ problem and \\ B CWI H HJri wlivii 
large doses ol xylazine ore used (knight 1.9BQ}. 

Ruibiiilitl ahmy. bloating, iuid regurgiLalion with aspj- 
ntioa pqireumofliia may COCUT in cattle following use o-j' 
zylaiiK Cmilc should be nmiund for about 2 hours 
after sySa/iiw idniftlltntioi fur vigns of bloal if Brown 
19KA).. It h advisable to fast cattle for 24 bow liefure 
injtcbon of xylj/.ine to lessen Ihe risk of regurgiunion. 
Louse leces and liquid hemorrhagic diarrhea including 
recumbency for about I hour„ have tKcunred in large 
hulls- Mowing ii dkisc of xylo/me (Knight 

I9KD). Diarrhea may appear about 12*24 hours after 
LajKJuuL Ii is of a tnutntory type in mmf, cases an d 
bcEicvcd. to be due to ruminal and intestjuaJ Mass dur- 
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iny sedation. Also, xyiajinc induce* a marked polyuria 
in many animals. 

[n laetarting scows, IM doses (0,2 or 0.4 mg/kg) of 
xytaziHc do not mull in defect:able concentration* in 
milk al 5 ind 21 hours after injection, cows ostensibly 
do not excrete xylaziiK In milk (FIMter and Sagnqr 
1973), However* Uuceating animal* must not receive 

xyluine. according in the FDA. when milk is sold for 
human iNuistimplion. 

In the calf", use of xyladne-ketamLne results in an 
undesirable and potentially dangerous reduction in 
F p,. [c is rsooinmended I hill supplemental oxygen be 
given to calves receiving xykirine-keiainiiie anesthesia 
(Ring and Muir 9981). 

SWINE. A xylazme-kctiiimiie combination has been 
used in the pig (sec Chap, 12), More 4m are needed in 
ihi s species lo determine the safety and efficacy of th is 
combination of drugs. 

goats. Xylaiinc (0.1 mg/kg( admnlLssered inira- 
Vtamfcly provides deep sedation ill goals that lasts 

50-35 minutes. It has ton used in combination with 
ketamine for induction nf afte*ihe*ja free Chap. 12>. 

laroratory ANIMALS. A combination of rylidiK 
and kelamine has been used in nils and rabbik lo 
induce short-term anesthesia (see Chap. 12). 

tn the mouse, a cam hi nation of 1 rnL syla/me flOO 
mg/inL) and I mL kelamine (100 ing/mL) is. added lo 
4.6 mL sterile water (Mulder and Mulder 1979), The 
renal volume of the mixture is 6,6 mL An adult mouse 

averages ahouc 3ft g. For each 30 g of body weight, 0.1 
ml. 1 1,5 mg each of xyla/ine and ketamine) of Iheeom- 
bination is used to provide 50 mg/kg of each drug. At 
this dosage^ adequate anesthesia is- maintained fur 

60-100 minutes after a single IM injection in C57BL 
and DBA mice. Tins length of anesthesia provides suf- 
Ficiem time to complete mm surgical procedure*. 

FISH. Although xy fazirae is d&divc as an anesthetic in 
fKh. it cannot be recommended because of ils- convul- 
*anl activity during induction and recovery (OslwuJd 

1978). 

AVI AN AND F.KPT1C SPELC1IIX. Xylazine has been used 
in nine #viui species i Lcvingcr ci at. 197.1 l Follow ing 
IM injection, syla/.ine produces a marked! sedative 
cffal in bird*-. IM doses of 1—2 mg/kg xyUtaanc pro¬ 
duce no change tn behavior At doses above 5 ing/kg . 
signs of CMS depression occur. Light sedation is 
induced with xyluHne in the chicken and turkey ul 10 
mg/kg administered imramtt&ctikriy {Levtnger et ul. 

197.1 1 . Xylarine has been used an combination with 
kelamine and althesan Id induce anesthesia in ostriches 

(we Chap. 11). 

Xyla/ine has ton used in a large number of exotic 
species (Bauditz 1972); however, jit the past lack of a 
suitable antidote has been a serious shortcoming in 

reversal of itsaciioo. Recovery of immobilized aniimJi 


requires 2-3 limits before ambulation is attained 
(Young and Whyte 1973), Experimental studies com¬ 
pleted in dregs (Hatch et al, 1982) and cattle (Kiizman 
el ul. 1 C JK2) have shown iIi;i.i xyla/ine- can he uniago- 
ni/ed by IV achnifiktraliofi of 4-amanopyndine iiitd 
yohimbine hydrochloride. Jl as- possible that iImh 1 
antafonists will serve importantly in reversal of die 
immobilizing; effects of siylaziite in exotic species. For 
additional information on uniagorsists that reverse the 

action of xyliizinc, see Chap. 16, 

The most i mportant value of xy lazirte pertains to its 

excellent synergistic properties. when used in combi na¬ 
tion w iih potenl analgesic* such as etorphtne hydimhio- 
ride ur fentanyl citrate. Moreover, it markedly potenti¬ 
ates the immobilizing act inn of ketamine. 

Sedation and imimbiliznlion doses of xyJizinc 
administered by projectile syringe or iititrenVusCultirly 
are listed for some of the exotic species (Table 14.2), 
J he drug hav Lilsu ton used in combination with keta¬ 
mine IW induciirevt yf anesthesia (>ee Chap- 12). Also 
refer 90 die precautions discussed for use of the combi¬ 
nation of xyla/ine and ketamine. 

Giraffes are extremely seraartivc to xylazine, and lls 
sole use does not permit safe manipulative procedures 
in this species l tSush el ul, 19761. Hwew, its use in 
conjundum with elorphine produces desirable restrain! 
or immubLlrealkm.. 

In fallow deer, a fatal hyperthermia greater than 
44 Coccurred following use of xyla/ine and ciorphinc 
(Peru and Sundtog 1978), Ji is not known whether 
other exotic species may be similarly affected by this 
combination. Hyperthermia in exotic animals has been 
seen chiefly follow ing use of promazine Iranquili/crs 
alone and in combination wuh rnorphuiniiiKlic agents. 
For restraint of Bnctriun camel?.. IM xyla^ine 

£0.27-0.51 itig/kg) provides, a deq ua te sedation for 

cuhci'eulin lesting and other pmecduro (Cusier et al. 

1977). In an dephaot weighing about 3500 kg, IM 

xyla^-ilte (40l> mg I given into the triceps, muscle 
induced inunbil(Robinson and Meier 1977). 

Baby African clephunls have been successfully 
sedated and immobilized by xylazine (Tretmfciiflh 1984); 
IM dose?- are as Mlours; 

Wei $ hi Light .leda tw ra Ijwmtxh rlrra t iVj n 

fte) fra*) I 

b m m 40 

.™ 90 120 

4SO ] 21) 160 

Xylizine has been used in combinalion with eior- 
pihine lor immobilization of polar and brown bears brer 
lli* dosages used, set; Chap, 13, 

Use of xylazine for immobi I \mikm of Reewc* muni 

jae (MuntiaftLi iwet’ii!) is unpredictable in ils effect 
(Cooper et al. 1986). Prolonged recovery of Lhe animals 
limits its value for use under field conditions, 

l)c»tumidine Hi'drnehLreride. Denmiditte /tvdm- 

■e> 

thUtrirfe (14-( S)-(2,3-d i methy Ibe n?:y 1) imidazole 
liydrochloride]; Dormcsedss) i Fig. 14.11) is a 
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TABLE 14,1—SodatiT* und toimiibilrrinji daws of qluine fhr eTOlie specks 




SudalHm 

Dot* 

Inurniwl jy .. 14 ^ 

halluw Lkur (/Junu 1 rlinui^j I- 

1-2 

1 "!**.« / 

5-8 

Red deer (Cmw rti/jjjuvi) 

■J 

m 



Roe d«r (CtfwoJki 

05-1 


1JL-3 

WtiBlf-uikd dcei S-tAi/r.ii-r.iI'/irti j l'j'^iiuuniMh 

05-1 


3-4 

lil (A fewr #fers) 

0-5 


1.5 

Rrilldeer ( H'angi$Fr toirtAmiml 

65 


2 

CreaLcr kudu r Tzdjerhr/jriuu sftrpiii fw) 

i 


3 

bunhhuL-1 fTk xpriri\ 

IIJ 


1 

niiind (JiHjn-hTffjpii-! eryx) 

i 


3 

IB 

Sable antelope nixm 

u 


3 

f.lajellc (Gwli sp,| 

1 


i_l 

Waiei 1 huffaUh iJVuo»w) 

05-1 


1-2(1) 

Yak l &>5 muftti) 

0 J 


0 . 6-1 

American hium i Bii *#i ftriruo 

DA-03 


0 . 6 - li 

M ibiL os (Ovilkw HHMClHftu} 

<0-5 


0L5-U5 

iJnimifdiuy ff.u/PirluT rfmjres'^.j.rfii 0 

0.3 


0 J 

Llimad^lnld .LjH4i | TJET , f ' 

0.2^5 


1-2 

Htfjr fitiiiNl spec Let) 

2-6 


&=iP 

Striped hyena iHnmta nriiu) 

W 


7-i 

WnEf (Cab Input l 

W 


7-8t 

Puna t.Pumu EvntYJ^iv-l 

BBS 


8 

J^pukl if^VflfAvrrJ if* 1 1.YJ 1 

■ ■ . 


8 

1 .iofl iff fa§| 

■a a a 


(-10 

Lcopnf npoued (7! panto) 

m m m 


(-10 

ClfiL’siaii i L .M.'f.", i juhtiiiAi) 

J J J 


»T) 

Zebra -l£ 4 /iiAif cynwjLS^Mr 1 ! 

3=5 


■ ■ ■ 

Sublknilmn pfiiiialLK i muny speeies) 

0,5-1 


2-5 


‘113-4 mg/k„o dh recommended by the m anu fat: tuner is used in JsLe- ui Rhwn n»L ikcr^ll tha? w^ki nf'S. .-ii.nv.. a m 

latfuig 6-y hum newt i.Hcfchcr )*S74|, The nwrett dug* fiir IRhum red dnr it 04 -0. 2 mgAg. The nurked JvjpnmftMty ur' 
Itic animah la xylndDF compared Lp mainland red dew may puHiLhly be Jul- Us iiagh degree <>l inbreeding, 
t'lhe elfsfLlivK thsMj nun|rc Uir LSftiivf A relic wnl vex is 3-6,8 mg/kg fPTnUi- I97B). 



blti. Id.LI.—1-klmiinline HydmdiknLlc 


uduliMOllgeiic LhuL was originally developed For 

use \o horses and vault (Viftaoeo et uL 1985) Detomi- 
dine is. more pcutm thou xylu^iiK, with getter bpwri- 

ficity ui eenioil ft, udfCiuTetpCLWs (Virwum ami Mud" 
Donald 1965k although very high Gowomtioiii will 
activnle ti, adrenoceptors fVirLuncn and Nyman 19N5). 

Oeikirnyjne induce* earcliovuseuLarctTeeLs similar to 
xyluzine. Deceased myocardial crailractiLily, bradycar¬ 
dia,, md a triphasic blood pressure response may occur 
after IV Lnjodion i Wfljyier cl a1. 1991). The bradycar¬ 
dia lh commonly accompanied t>y first- or sccond- 
degree AV block. These effects may be alleviated by 
anticholinergic udirnnistratum (Short el ul. 1986). 

Dviomkline (10-60 ng/kg TV) produces «nfi 0 W- 

eular changes in horc* that arc nearly identical lo 


those produced by xyhuine(LI mg/kj’ IV) (SaniHD ct 
aJ B 1989k fiiidaLuiti «nd mlgetk produced by deLomi- 

dlnc Lire of longer duration Hun thn*< produced by 

Jtylatf.inc in equivalent doses (Joehle and Hsuum 1966; 
Clarke and Taylor 1986k Detnmidinu j2C) pg/fcg IV) 
indued 46 minutes of unul^esiu und sedation in acecal 

balloon edit model, wltre-us the equiunalgesic duse of 
xyLaane f LI mj/fcj IV) was effective for only 20 min¬ 
utes (Lowe and Hifiger I9R6). ft is not incdaflHn to 
observe good sedati™ t'nr 90-] 26 minutes and analge¬ 
sia for 75—80 minutes after a 411 jigfkji IV dose of doto 

m.idine. For Lhis nm it has been suggested ifcai deta¬ 
in idine is the iinalgesk" of choice for relieving equine 
colic piiin (TranquiLli and Mitt I993 )l 
D etoatklue is an effective prauKitiKtlc for horses 

and cattle and can he used in cnnihmathin with keia- 
mine lo induce shorn periods of anesihes-ia (Clarke and 
Taylor ITOfi; Clarke cl al. I^Kftal. The combination of 
delLimidme with Telaztri (.liletamine and zolazcpam. 
sec Chap. 12) has proven to l>e an effective eimihi na¬ 
tion in hnrse* and ponies (Win ei al. 1992; Lin el al. 
1.992,). Recovery from inhabrim aiies4hesia lh usually 
uneventful in bonet premediculed with deCtunidine. As 
wMfa xytftdtt, hyperglycemia and ioctHld urine chil- 
pit may occur after Llctomidinc adminlstratum (Tran- 

quilli and Maze 1993). 
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Concurrent iidinirii '-iratitufc of an rx.-idretiergi-e ago- 
nist may diminish or eliminate- the- estcitalion that 

occurs with nrpio-id use in horses. Opioid stimulation 
wa* iil^i observed when detomidine w as -combined with 
methadone:, morphine, meperidine, or bulorphinol 

(Clarke and Paton 19SS\ The combi nation of dctnmi- 

ilm-.: and huiofpli;Lihil may provide the mod effective 
sedation and analgesia white minimizing eandLnpul- 
mfwiary depression (Clarke and faitem I TON; Lc-Hlanc 
399|) P Ddomidine (1CM5 pgflsg IV) injedkA pre¬ 
cedes toutnrphanol (20-30 |ig/kg IV) injection. The full 
effect should be allowed Co develop prior lo start of (he 
procedure. Sedation is uccinnpunied by JiCuxiii,. slight 
iremor of the face and lips,, and a tendency to lean for¬ 
ward and brad press (Tranquilli and Maze 1993), Deto- 
midine is approved for use in horses i n the US A. 


Medetoirndlne Ilsdrmhinridc. rhcmkally, M 

idine hydmchivridt is (±M-| I -fZJ-dimech-y I phenyl )- 
ethyl]-1//-imidazole manohydra-chlaridc I Domitor) 
(Pig. 14.12). MedettunidinL" is the most potent c^- 
adrewoccpt i*r- se 1eciiye agonise available for use in vet¬ 
erinary medicine. Hie oyta, Raptor selectivity bind¬ 
ing ratio for tiMdetouiiduM h 1620, compared to 260 
and IbOfordetomidineand scyluine. respectively (Vi r- 

lanen ITO9). Ic produces sedation, muscle relaxation, 
and analgesia in a variety of domestic!E-nd vpeties. 
Variability in tUbctS umofig species seems to be less for 
medeLnirn-idine than for xylaane, a le&&-specific a. 
agonist 

Medeiomidine induces du^ 1 -dependent sedation and 

analgesia, in dogs and rais (Vainio 19691. As with 

Aylukoe ami detomidtoe, Administration of additional 
drug increases the duration of effect but does- not result 
in more sedation. 


Profound sedation ami bradycardia con siseemly 
occur in dogs administered 40 |ig/kg of mcdciomidinc 
intramuscularly (Raiha, M. R. cs al. ITO9; Vainio and 
PaJmu 1989), Ln dlogs not premeditated with atm pine. 
Mood pressure decreases in a dose^epenefem maimer 

after administration of 1(M0 (Jtgflkg of mctkUomidine 
(Bergstrom IMS). 

Prior admin i^tralion of an anticholinergic may be 
more effective at preventing the bradycardia than 
reversing the bradycardia after it has occurred (Short 
IWIk but it may increase the initial hypertensive effect 

that occurs- during onset of sedation (Vainio 1989; 
Pcr grt ro m 1988). Dural ion of sedation in ous is dose 

dependent.. although bradycardia is, mu i Sirnl^rg 
ITO9J. When -combined with ketamine, (he bradyeardic 
effect nf medecomidine may he offset hy the sympiUh- 
mniinetie properties of the dissociative (Vcrstegenet al. 


1991). 

Rnpintiun rate decreases in a dwdqKodMt man- 
ner after administration of (fi-fri'l pg/kg of mciAetomi- 
dine in dogs (Bergstnwn ITOHi. A 20 fig/kg IV infusion 
of medetumidiot results in Iras depression of (he 


hypercapnic impend curve in dogs than I minimum 


a| veolar coneefiHation (MAC) isoflurane (1.38%) anes¬ 
thesia (Bloor et aL 1989)). End-tidal CO, and PCO 
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values were decreased significantly in dogs 
lered medecomidine versus those administered isollu- 

rane anesthesia. 

IM or SC admin isliation of medelomidine may 
result in vomiting in dogs- and CHS l Virtanen 1989), 
Di uresis occurs even with low * loses (10 pig/kg),. pro¬ 
ducing large ikOKHdurts of dil ute urine (Crigbkffl IWW- 

IM medetiomUjrie il a dose of 3ft pg/kg provides 
sedation and analgesia in doff equivalent to a 2.2 
ing/kg dose of xylarine. Combinations of medetomi- 
dinc and ketamine leave provided short periods of anes¬ 
thesia and immobilization in Jogs, cals, and many lab¬ 
oratory and erotic animal species (Vaha-Valie 1969: 
Jalanha 1989, 1990; NevaWiKfi ct al. 1989: Arnemo 
and Skill 1992; Van lleerden and Keffen 1991), 
Medelomidme (40 pg/lsg) combined w iifi 5,0 itlg/kg of 
ketamine produces anestlievia in dkigs Curnpiirable to 
(hat produced with I mg/kg &y la/iiw and ! 5 mg/kg ket- 

amine (Moos and Fargenon 1990). Dogs penned- 
ififltal with medeiomiditie (20-40 pg/kg) ham been 
administered propofol (2 rngfleg loading dose; 165 
Mg/kg/min), elomidarte (0.5 mg/kg loading dose; 5ft 
pg/kp/min), or ketamine (4 mg/kg IV) for maintenance 
of anothesjj iThurmon et al, 1995; Ko et al. 1994; i. 
E. Raibsi et aL 1969).. 

MeLleiLHnidine produces greater ataiia at equal seda- 
five/analgesic doses in horses iluui xylazine or clctomi- 
dinc. Consequcmly, xylazinc or delornidane may be (he 
preferred Li., agnnists for use in horses.(Karneriing et al. 
IW1; Bryaiil et al. 1991 ) r 

Medetornidine produces mewe predicLable sedatiun 
and analgesia in swine Iluui does xyla/jne (Sukaguchi 
et al. 1992). MedrtiMtidkle doses of 30-80 JlgAig pro¬ 
duce sedation in pigs, As with dogs and cals-, higher 

doses do not produce increased sectarian. 

Similar to xylazine and deiomidiiK, the adttdflistni- 
lion of medelcmadine with an opioid may enhance 
sedmJon and analges-ia beyond LhaL expected with 
either drug ikne < England and Clarke 1969). MedeU> 
fflidlue is approved for muerlnafy use in dogs mid cals 
in the USA. 


New rt 3 -Adr*a»rgic Agonislx, Romilidine is the 
newest ^adrenergic agonist assessed for sedative and 


Copyrighted material 














.124 / Sfrflww 3 / 


rtCTWO QK1W CBHUAL PDMOUf OTHfl 


analgesic activity in Lhe u'm;. Rnmiflding {80 ^g/kgl 

pn.Nluces m^lLiiuvii h miter to lyl-io^iM i I mg/VgJ of 

dctomidine (30 lig/fcg). Xylazine and detom idi ne pro¬ 
duce jjjreaLei aLa.xia and sedation cuK shorter duration 
Ifun romifidine (Englnd ci al, |992 }l 

Drinwlrtnmdioc is a very selective t^-adrcnoccp- 
tqr agonist whose role js an anesthetic :mJ jym:1 in vd- 
erinary medicine p still being defined. 


ftj-Adrrjaiirgk AnLu^uoalN. The incidence ui unfa¬ 
vorable icactinu to OL-adrefwocpCor antagonists is rare 
when (hey are admin klvrcd ipprDprintdy for reversal 

of «L 4 h»«pl« igorufrliMtaced CNS depmskn 
Deaths have been nptHted lAff rapid IV administra- 
tkm of high dftK&of tdaotiae mid yohimbine U hu el 
al. 19871 * Acute and delayed death Inis occurred io I lar 
in as ndrVmli^K'iVd U^hiyL^InK 1 - Profi-nuld hyjhit^iPiuil 

and tKbycafdih may occur after rapid IV ipjeettoo but 

ilmy he ptCAcnlcd by sIlhV =iUmi.msBi;il ioii |C| llh: dcsurd 

offset. Anxiety, pacing, ami puling in dogft. amt hyper- 
ucitHDenl in eats or very young animals, have 
occurred wkb iduMtlndoo of yoUmbiM, Dianhea 

arid pttHCKtiDfl hdLVC OCCWHl ifi ddgS after adffliaift- 

hltiofl of tdudiK, Ollier tpecitt dilTerehees In 
response to t^-edretweeptor wtagMusts hive nrn yet 

been established. 


YQliIMHISEi. KAunUffi f 17-hydroxyvobimban- tfi- 
cartKsxylk acid methyl ester; Yohinc. AnLajj.nnil} (Rj. 

14,13) is an GL-odranceplor antagonist LhaL is approx¬ 
imately HI limes more selcclixc for I he ft s than ihe ft ( 
adienoeeptnr i Clarke et al. L9H/ib), IL antagonizes n.- 
adrenoeeptof-media led depression and enhances the 

release of iiiwpinephnno and other excitatory nguriv 

transmittere iTranquilli and Ma/e 1993}- Yohimbine 
has been effective in antagonizing OL-agooiat- induced 
sedacmn and analgesia in many tpedu > Elolmberg and 
Gcrftban 1961; L.ang and Gerdnn 1963; Ddboirti and 
Schmitt 1971, 1973}. 

Yohimbine admimssered a I Line has proven eflevnve 
in reversmjf the sedative- imnftotn I izing effects of anes¬ 



thetic cofnbtuffMB bwfporating xyltzinc (Jesttip ei 
al. I 9 x 5; McOruder ud Hsu 19K5; Hsu 19*5; Hsu et 
al. 19K6; Jacobson et all 139*5“ Hsu ml Shulflw 19*4; 
Jessup el al r 1983}- Yohimbine administered in con¬ 
junction wilh ^WlilwpyridnK effectively indued 
anesthetic reversal in many domestic and wild species 
(Hatch cl al, 19X2; Kitzman el al. 19X4; Wnllnfret al, 
19X2: Halchcc al. 1983a: Cronin ei al 198.3a; Kitznuni 
ct al. I9R2; Hatch et 4. 1983b; Hindi ct al. 19X4j. 
Yohimbtnc is approved lor use in dogs (Yohknc) and 
wild, exotic* and ranched deer (Anlagonil). Antago¬ 
nism M the effects of xylazine is also discussed] in 
Chip. I(i. 

TOLAZOLINEr Tflf&zoIiAr (l-lwiuyl-2-inbduolliK; 
FUscoboe) I Fig. 14.141 has ben used in a number of 
species to RVflK sytaziriif sedation or to psrtiilly 
reverse the deptesuil effects tif Hylukw when wtmifr 
islered m port of u WKstiietic reginMi IIIpj et id. 
1987; Alkn tnd Onteritn; 19X6; Kmgeret aL |9*6 j; 

Ka’euerci aL l9X6b: Allen L9Hb: Tranquilli ct al. 1984: 
Thiirnion el al. 1989}. Tdwliu is the least specific 

ulafontet for adreincepton nuy lx; murv effec¬ 
tive than yohimbine ui uiiiotuhag some of the cSecte 
of nytaziK. In cots sediled *ith Kyluine> iolaambie 

induced a cftbttCT recovery (Harlsfield et al, (986), nod 
it was more cilleienl in decreasing the time lo reenvery 
in calves sedated with xylizbc I'l'hurmon et al. 19X9). 
TolazoLine also induces potent H,-receptor agonist 
jmlions. and thnnk use in humane \ul% been a^H.KiaLcd 
with fit bleeding and other complications (Silverman 
et a]. L 970f. Sudden unexplained death, both acute and 
dclaved. has occurred in llamas administered colazo- 

wJF 

line, tt has hn^cn suggested lhal the caussi is a combfiM- 
tiLHi of hypotensive shook and bradycardia. Further 
investigation is ucemry to define ihe use ot totawiline 
in llamas. Tcduolitt luis not been ip pr wtd for veteri¬ 
nary use, 

ATEFAMEZQLE, A ripumemt# hydrochloride (4-(2- 
et h yl- 2 3-di h yd ro-1 W-indcn -2-y 1)-1 H4 m idazole 
hythwhloride; AnbethfO (Fig 14,15} has greatei «.- 
adrenoceptor speciflcity ajid may he more effective in 
untagunii^iiig the effects of tL. agunisls. Il hits an Hja, 
selectivity ratio that is 2(Hi-.^H3) times greater tlum Lliut 
of yohimbine ami is devoid of oetlvtty ac other types of 
receptors (Votanen et al I9x9;i. Dosage reconuneiida- 

ticMLx for aLipamczoLc very among species and for vari¬ 
ates CL agimisLH n'ranquilli and Maze 1993), Fbr exam¬ 
ple, a xylazine dove pf 03 mjy'kg in qdviQ is reversed 



FIG. 14.13— Yohimbine Hydmehlnndc 
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hy an alipamezotc -dose of Jltl jig/kg (Thompson et al. 
1,991, hurt a medetomidine dose of 40 jig/kg in a dog 
nquiics ] 6O-2I40 jig/kg of atipamczole for i^tnal 
(VJUiHrVahc 1990). 

In horses administered alipame/ole at 10 times the 
administered dose of tkftomidine or metktomidiue a 
mydnasts ami analgesia were (tboHshed, but bradycar- 
dim snd sedation were only transiently influenced 
(Kamcrfling et al. 1.991V, The administration of ali- 
pamcuolc- alone in horses pnxiuce^ mild ^edudon and 
myocardial depressifin without analgesia, us well as 
consisleilll dose-relattd changes in behav ior and aun.> 
notnk variables, Atipumc/nlc- induced sedation in the 
dog or cal has not been repined. AEipame/.ole is 
approved for EM use in dogs. 


HI:\ZTI])1 AZtCPI NE DERIVATIVES 

The livii/<hri ia/i'i'iitiL' Receptor. Ben/odiazepine 
derivalives uved in veterinary medicine include 
diazepam, midazolam. zolazepam i in combination with 
EiileOimine as TckizoL see Chap. I2>, and chlor- 

linpdde. 

Based on electraphysiologk investigations, il is 
believed that henzcKliazepines produce hypnotic, seda¬ 
tive, anxiolytic, unlieonvu IsanL* and skeletal 

muscle relaxant effects by enhancing the action of Sin? 
rwurotransmltter T-aminobtilyrie acid (GABA) on il* 
receplors (Pok IW), GABA type A, or GABA V 

recepa^rs ate ilieiiVhi,inc-assoc- i; li il glycoproteins dial 
exhibit some similarity to nicotinic acetylcholine, 
glycine, and 5-hydroxytPrptamiine iype .1 receptors 
(liarlison and Albrecht 1993). The GABA, receptor 
comprises live (penismerie) protein subunits, of which 
seven) dilferenl types have been identified: six tt, four 
p, three uue 6. and two p subunits. iSieghafl 1994). 

The benzmlitHpino le^pior is a to uLulaiory jsite on 

the GABA, receptor that alkTrsterically regulates Lhe 
pustsynaptn: chloride channel gating Ituu occurs with 
(he interaction of GAB A with GABA, receptors f Olsen 
and Tobin I99(h Sieghan 1994), Modulation of 
GABA^-reeepior aciiviiy occurs only al sufomaximal 
conccnlratians of GABA. That is, benzodiazepinc& 


have no nimduLniing effaet m the GABA., receptors 
when ilk* GABA coneeivijratLon reaches saturation level 

(Haefely 19B9 )l The modulation of CAflA -retepior 
activity may be eilher positive or negative (Pole el al. 
1982). Positive modutalion occurs with the binding ol 
onxiolylie compounds such as ben/.tKltazepine ago¬ 
nists. Negative modulation occurs with the binding of 
inverse agoniMs, which are utiviogenk, A third pjmip 
of higb-efflnity ligands, the benzodi^q^rcccptiir 
antagonists, have only a weak or no intrinsic activity 
for modulating GABA . activity but are able to inhibit 
the effects of both benzodiazcpinc-rec^pior agonists 
and inverse agonists. Partial agonists and partial inverse 
agonists luive also been identified (Haelcly cl al. 19831. 

It has been demonstrated lhat only the combination 
of «, p, and y subtypes results in GABA . receptors tluit 
tnay be modulated hy benzodiazepines (FntcheLL el al. 
J9R9), Eiri addition, the benzodiazepine pharmacology 
of (he GABA, receptors is determi ned hy lhe 0£ and y 
siLhuniis Lhat are present. The presence of Lhe y, subunit 
yield.v receptors with high-affinity binding for bcn/udi> 
azcpinc agonists, lhe ben/od iarepine antagonist 
fLuniazenll. and the invert. 1 agonist DMCM (|i carbo- 

line rneLhy l-J elhyl NT-dntietlMiiy-^-CLjrhihliiic-^^riJ- 

Ibnsyhue). The presence of the n ( subunit allows bind¬ 
ing, of certain substances (triazjjlopyridazine 
compounds, P carbolmes) with higher affinity tkafl 
receptors possessing either an 04 , or ft, subunit do 
! Pritchett el al. 1989). 

Both central and peripheral boBndisffpiiK recep¬ 
tors have been described!Ztsterer and Williams 1997). 
The centre) type is present exclusively in: the CNS and 
is localized to neurons { Young and Kulw 1979). At 
least two central benzodiazepine receptor suNypcs 
have been described: the BZI teceplor. bealed pre¬ 
dominantly in the cerebellum;, and the BZI1 receptor, 
located in the hip|;Hx:ampus and some ocher brain 
regions, GABA a recepcors containing an a ( subunit 
ttogether vuch die |1 and y.. subunits) are associated 
w ith the B/.I binding sites. Those GABA. recepLors 
with either the a. or tile a, sithiinit ere asscK-iatcd w iih 

the BZB binding sites. The binding of bcnzodiiBeplnes 

m the centra] hcn/odia/cpine receptors is stimulated in 
Lhe presence of GABA and other GABA , receptor ago¬ 
nists {Karohadi et a). 1981). RccLproca]ly fc Lhe binding 
id GABA So GABA J( reccpLors is enhanced by she pres¬ 
ence of benzodiazepines l Onslow et id. 1990;, Skefriil 
ei al. 1982). The peripheral type benzodiAzepine recep* 
tors were initially discovered in peripheral tisMies (rut 
kidney, laver t lung) (Braesirup and Squires 1977). hut 
later studies demonstrcied their presence in the CNS 
alio (Schoemakerei el. 1981), The petiphetal recepturs 

arc pharmacologLcally disiinci from and unrelated L-n 
the GABA,-receptor-asseiciatcd benzodiazepine recep- 
Lnrs (ZisLerer and WiLliams 1997; Sieghart 1994), 

QABA, cWfiptors are also associated wish binding 
sites, for other ^uhciiinces- In addition to heiizocli- 
azepine receptor binding sices, I here are also binding 
sites for burbituraLcv, certain steroids, and channel 
blockers, and the anlhelmintic avermectin Bla 
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t McDonald iind Olsen 1W4; Sieghurt 1^2). Both bar- 
Utuntn and beozodJucpkKi pcfeffrijte lire effects of 
GABA, but the barbiturate* prolong [he open lime of 

ihy chloride ton charnel, whereas benMsdiazcpinc ago- 
nisls increase [he frequency of channel opening 
(McDonald iintl UIhh Ml 
In 1977, Clau* Braoimp and Richard Squires di*- 
cuvtmd that the brain fai* I Is mm specific receptor foe 

bcjizjodiazepincs. Use of radksacrively labeled hcn/cnlj- 
azcpincs has demonstrated shat there are high-affinity 
binding *ites in (he mammalian brain 4 associated with 
synap-iouunal membranes! that fulFill many nf the crj- 
leria of ph a mu colonic mpton for (he sc compound*. 
Benzodiazepine receptor* appear to have ■widespread 
disLnbuLiun in the brain. InlcresLinpJy. lack of receptor* 
in while mailer is a consistent Finding in all specie*. In 
addition to the presence of benzodiazepine receptor* in 
lire brain, receptors are also present in periphenil tis¬ 
sues, including kidney, liver, heart, and lung i o Clee ct al. 

111464), 

Widespread distribution of hcnztsdiazepinc receptors 
in lire ChiS contrasts with the more discrete localiza¬ 
tion of other receplorv kvg.. opiate receptor*) This Fils 
evidence from behavioral and elcctrophysiulogu.' stud- 

let ihai hen/LKli^cpiiies intact m many kick of [he 

brain lo elicit chcir effects (Tallman ct al- I98ff>. Ir has 
also been suggested that different receptor subtypes 
mediate the different actions of the benzodiazrpincs. 
The anxiolytic, anticonvulsant, and muscle relaxation 
effects are believed tL> be mediated at the benzodi- 

azepino GABA^ receptor, rimu ttu hypnotic effects 

may he mcdialcd by alterations in poicnti^l-depend- 

cnl calcium ion flux (McndcbOfl IW2) r The different 
acLions mav also he a function of blood levels, with the 

r p 

anxiolytic effect occurring at lower levels, and sedition 
and unconsciousjress occurring wiffi increasing blood 
levels (Amnrin el al. 1468). 

InLcnH'l ions beiwetil Lhe benzodiazepine receptor 
und anions also occur. Chloride, bromide, iodide, 
nitrite, and Ihiocyanate (bur not fluoride) enhance bind¬ 
ing erf diazepam. Sedative action of the once used and 
now obsolete drag sesdium bromide may have induced 
its effect at Lhis level. 

Embryologicri ly, the benzodiazepine recepkr is 
present art 14 days of gestation in the nut, and lire nuiBr 

her of receptor ■vires increases in parallel! wirh GABA- 

iccefuor recogijtkn sites. 

The benzodiazepine receptor is associated with ihe 
anxiolytie and anticonvulsant actions of beundi- 
izepi ai . Two BtrsuH of nls, bred for high and km 

fearful ness, have significantly different densities of 
brain benzodiazepine receptors. Inasmuch m shesc two 
strains differ in their emoLionality. diff erences in recep- 
[lkt number may Ire physiiHhigiciiljy im|Kirraui in regu¬ 
lation of anxiety or apprehension (Robenson ct al. 
197B>. Binding of bcnmdlajBpiiia is also akeral in 

spnniancLUis epilepsy in the biboon inquires el al 
1479), and ;lii increase in die number of benzodi¬ 
azepine neceptnrs has been reported In ruts following 

experimental Iy induced seizures tPaul and Skolnk k 


CMy 



FIG. 1416 


I^78.j_ These alterations in number of ncoepLurs arc 
comparable to those seen in oilier CHS receptors aflcr 
Ircsmicnls designed io aller neurori;L| input (Skplfliek et 
al. 1978). Rapid onsci 4 within minutes) u\ idicruiiuns in 
henzodtazepine receptor* and their return io control 
levels | within I hour I is rather remarkable 4 Tall man ct 
ul, I960), Such alterations in other central L"NS rcccp- 
Ecw* generally occur over a lime frame of dam 

l)bKpdm r Chemically, Dta+tpam, USP (Mum), is 
7 -eh loro-1,3-di hydro- J -mcchyl-5-pheny 1-2//-1,4 -fren- 
ziKliazepio-2-one (hip. 14.16 k A major disadvantage -ni' 
diazepam is its in-solubilily in water. Diazepam and 
other hcnzndiazcpine* are classified as Schedule IV 
iAgtfrtEs mider tire 1970 Cofllnllfid SubsLiiuce* Act. 

Cehtral Nervous Svsri-.ki. Fb^n^^ha/’trpm^s nn? 

choughi of as "disinhibitors' 1 of ^u|.ipresscd behavior 
they induce taming effects in animals. They modify 

behiivior in both hunuins and animals. In humans, ben¬ 
zodiazepine derivatives i diazepam, ehlordiazcpoxide, 
and nurazepani. referred to as Dalmanel are used 
widely in clinical practice as muscle relaxants, ■anLicon- 
vukaii[s v anxiiilyiius, in id hy]inuiics (espureially flu- 

razz^pam sleeping pills) P Like most psyebolrnpic 
agents, benzodiazepines produce undesirable eff'cels 
(e.g.. atiixial that may or may not he related to their 
therapeutic effects flajliiuui; et uL I9 >!QIl 
O f lIre beiizodiuztipiiit 1 derivatives diazepam Is about 
20 times nnmi potent iluut ridonUuepoxide in hlwk- 
ing decerebrate rigidity in airimah. The principal sire of 
CNS- depression produced by diazepam is the brain 
stem reticular fmmaLiun. 

In ^keerabrare cuts, poty&yiuptic Teflexes elicited by 
scL&lic ncn'c stimulaiiLm can. be depressed io 50% or 
less by IV administration of diazepam 10.05-0.2 
mgA.g). Lhlordiazepuldc (lff-30 mgylgk and pentn- 

hftirhsLsLl (24 ngikg); Mockade of polysyi^rdc itfleut 
by these drags h immediate und lusts up tu 4 hours- 
(Ngai el ah l%6k [Siuzepiim and ehltsrdiazeptKxide do 
noi giffuhcwtly alter inonosyiwpiic reflexes. Penlohar- 
bityl, cydopiopue, ad nitroiu oxide reduce moKHy- 

napric ncllcxcs. According Ngai cl these findings 

suggest that central depressants inch us diazepam. 
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ell lord iazepnxide, arod some anesthetics ait upon 
supraspinal slrueture*. (mcwi likely the ntkukar fuoBitu- 
Uwy system l id blockade of Jipiual polysynaptic 
rcflc!i« f 

]1 has been proposed lhal a number of neurntnuih- 
miticr systems, including acetylcholine* cute* 
choiamines* serotonin. GABA, and glycine. participate 
in sedative. anxiolytic. ninde-nhunt, and anticon¬ 
vulsant action of bemadiaHfifllH iC.m la and ttuidolti 
I979j. The mmovlransmitler dopamine may also be 
Acted by benzodiazepines. Experimental evidence 
4iiK9 that diazepam ’ (I-10 mg/kg'l administered 
intrapcriloncally in nU dttitim synthesis of 
dopamine in the limbic and striatal ureas of the brain 
(Ri.\was and Cartoon 19783,, However, mosL evidence 
shows chat GABA and benzodiazepines interact and 
that henzjndiajcpincs potentiate G>A BA-mediated i nha- 
h-ilson in the CN5, 

In vitro binding of il-strychninc and benzodi- 
uzepines hftfi suggested that ibe inhibitor amino acid 
transmitter glycine ntay also be iKOCkted fan medial ion 
of hcnzndinefKH action. However, in vivo studies 
indicate that inhibitory response to glycine u unaf- 
feel^d hy presence of benzodiazepines. Thus the 
glyeiner^ic hypothesis fur benzodiazepine action can 
be discounted, because benzodiazepines do nut prefer¬ 
entially antagonize consul sion* induced by strychnine 
tCu&tu and Guidotti 1979). 

Existenw of benzi'H.iiazqiine recc:piors and failure of 
a wide variety oF known transmitters to inhibit 
diazepam binding suggest that the braid may vnntain an 
unidentified endogenous ligand. TodlOe, purine* One* 
sine. bypottutidne). lucoiinamide, ethyrifS-earboline- 

3-cubcAylatC! and Ihrombaune A, an likely candi- 

dates as endogenous Ligand substances. However, 
affinity of these Htotancet, especially the purines, f-ur 
the benzodiazepine receptor is many orders of magns- 
tuck lower than that of the benzodiazepines t Tullnum cL 
al. 1980), Nicotinamide appears to be the most likely 
candidate from the standpoint of bcnz^Mjiuzepine-tikc 
neurnphaimacdlogic pro file (Mdhler 3983). 

Ii is possible that the cfTicacy of benzudiuzepines i]l 
long-term treatment of epilepsy may be improved by 
CODCOTCUt adjiiini-kir'iimHii sit L^iunjlly uciive drugs chat 
mimic Ihc effect of GABA tTallman et al. I9H0). 
Development of such agents could also advance knowl¬ 
edge Of the mechanism of lKflZOdilZ£piJK binding and 
activity. One such compound has already been reported 

Ilp enhance be iimmJi alpine binding and appears Ui 

modify behavior of aninials (Beer el al. 197H; Williams 
and Ri.sley 1979), 

Caruiupulmunaky System. CHazcpum produces 

minimal effects on the cardiovascular system and has 
vume respiratory deprewsaiii effect. A transient arterial 
hypotensive effect occm in ihe dof following IV 
injection mg/kg h aisd doses as- high ns. 15 mg/kg 
injected over 3 hours dKRltt mean arleriiil pmtttR 
lRsmd 3 .il ec al. 196Ik In human patients with ischemic 
heart disease, there is evidence that ponnky blocxl 


Sow is ilifalliln&d or increased fallowing induction of 
anesthesia villi diazepam. 

In the hearse. IV duses (0,05„ QUL 0.2, and 04 mg/kg) 
of diazepam have been admini*tored to ik'icrmJlK their 
effort upon curdiopufonmiary funciion (Muir et al. 
I; 982 k No si gnificani changes in heart rate; cardiac out¬ 
put ; mean pulmonary arterilk aortic, and right atrial 
pressures; respiratory rate; and arterial pH or blmaJ gus 
value* were observed. According to Muir et al» use of 
commercially formulated diazepam in 40 r .T- propylene 
glycol does nut alter cardiac rate or rhythm in horses. 
In humans. iIk solvent for diazepam periodically pro¬ 
duces arterial hypatefttim and arrhythmias tGrccnblau 

: and Koch-Wesser iwm 

■ 

■ 

j Pharmacokinetics. The major KUbolto of 

din/cpam in the di*g iv Mdewwlhyl-diazepum (or npr- 
dtazcpnm) (Jeppuoa 197b) Mean plasma half-lives of 
diazepam and nordiazepam in the dog after an [V injec¬ 
tion of diazepam (1.25 mgAg i are M2 ± 11 and 173 ± 
8 minutes respectively. Administered al □ higher IV 
dose (2 mg/kg). the elimination half-life of diazepam in 

the. 1 dog h 12 ham (Uscber and Fwy 1981), The 

major melaholile. iKirdiarep^m. appears rapidly ill the 
pUisma of the dog and can exceed the CQOceatntioQ of 
the patent dmg B Other phiMifcii ineiahcplites of diazepam 
found in Ihc dop are oxazepam Mid 3-hydrozydi- 
azepam. Nordiazepam and oxazepam melaboliies ore 
active at on equivalent wder of magnilude as diazepam 
upon the CMS. 

On! aLLniLniscriJicui of diazepam (I or 2 m^Ag) 3 
times daily maintains slcady-statc plasma concentra¬ 
tions. of 1-2 jip/ml. nordiozepum and maximaL 
diazepam concentrations of 0J-B.H pg^mL (L(>scher 
and Erey 1981). ConccnLratkin* ul o^iucpiiin in plusmu 
did noL exceed 0,1-02 pg''mL. Alsu, this dose KglflKfl 
i does noL appear to induce itiicriKuimul eozyUK OCth i I y- 

E F hurmacokineticully, > diazepam and iwndiuzcpiitm 
have been sLudicd in the cut after IV of 5. 10. and 

20 mgAg diazepum and 5 and 10 mg/kg nordia/cprtiu 



dunpu is rapid, with a haramk mean half-life of 
0.35 hour, the mean elhiinalion hatf-tife li §M boun. 

Flh tiordiazepam. a harmonic mean ehminaiion balf- 
lifc at 21,3 hours was obtained: this elimination rate in 

the eat is 4J times sIlh*xt chan d.iarcpum (Cotlee ei aL 
1984) About 5041 of an administered Awe of diazepam 
is metabolized to nordia/epam in the cut. 

in ihc hoTNc, tv infusion nf 80 mg diazepanVaDlmil 

(0lI7-O.I9 mg/kg> over 5 minutes result* in a pliisttw 
eliminiitiun half-life of 6.W-21.6 hours. These JiAla 
were obtained from 3 bones (Muir at aL ]Qk2). 

NnMiu/apam i A-desirnethy Idiazepan i) is conjugoied 
to glncunYfiic -acid in ihc hnrv; this conjugate is the 
major urinary metabolite of diazepam (Muir cl al. 
1982), Interestingly, no nonlbazcpain m detected in the 
plasma of the horse. Apparently. She biotransfoimatkm 
of cliiLfOpam and lonilalion of UlC glueuriinidc LLMljli-> 
gate of nnrdiazcpam are so rapid that neither the 
metabolite (i.e., nurdiazcpiim) nor ils conjugate can be 
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detected in plasm*. Additionally, other metabolite* 
loHiapttim and iV-tiieihylwstitiepsipn) ate detectable in 
urine of the home:. diazepam i* mn de tected (Muir ct at. 
1982)- 

Al <j serum concentration of 75 isg/niL, serum pro 
idn binding of diazepam averages in (he tone 
(Muir et ul. 1982)- After IM ad mini sirs! ion of 
diazepam {O'. 17-0.19 mgftgL |toa concentrations 
ioctiwe rapidly and attain maximum levels at 1-5-2 
hours; thereafter, pia>mu conccnLrattori* decline. In 
‘horses given this IM dour regimen, bi<wvaduM.lily 
averages 93% (Muirct al. 1982). In the dog. diazepam 
(1 of 2 mg/kg) admilttSteral orally .1 limes daily 
resulted in huKivailahilitv values ranging from 7-1 Lo 

IOO%(Useher and Frey lMl). 

SKELETAL MUSCL£r The central muscle-relaxing 
action of diazepam and related benzodiazepines princi¬ 
pally affects polysynaptic reflexes at the supraspiriaJ 
level (Kanin and Klutz 1982}. A spinal cord depressant 
action at the intLTneuromil level, us well ns an 

inhibitory effect upon acetylcholine release at the 

presyniiptk levels has been proposed. 

Diazepam is capable of prolongation or potentiation 
of die muscle-rduing action of iramtepoluizing drugs- 
such as J-Luhacurarinc and pancuronkim. However,, 
this interaction does not appear Ct* be clinically sigrtifi- 
cant. In the dog, diazepam does not reduce or Attenuate 
the DccunenOe or severity of succi ti ykrhi.dIM- i ndl K cd 
muscle fiksdculatiorts (Ruffe Cl &l. 1982). This action 
would he aiiiiicipjicd, since succinylchohiie is a depo¬ 
larizing agent at the iKunfHKVIar juKtian. Accord¬ 
ing to Ruffe ct at., use of diazepam as a pretrcfllinent 
for preventing succiniyleholine-induced muscle faseku- 
lation cannot be recommended 

TERATOGENESIS AND CARCIHOOENiiSIS. Until more 

is learned abuui possible teratogenic effects of the 

benzodiazepines during gestation or prcgmiocy, 
dimepil and related drugs should nol he used in 
breeding aniiEiiils. Clefl palate has been associated 
with maternal intake of diazepam in humans iSuxen 
and S inert 1975)- 

Inusnmch as benzodiazepines arc extensively used m 
humans- concern about passible ad verse el feels have 
arisen because of reports that oxazepam induces liver 
neoplasm*. in mice. Moreover, there are indications chat 
diazepam has neoplasm-fHTHnoling activity (Hurobin 
1981). 

In Uk rat, studies, were conducted upon six benzndli- 
azepiitar* iraiiquilizers to determine whether or not initi¬ 
al ion or promotion of tumors can he induced in the 
liver (Remandel ct al. IM4). Among those studied 
were diazepam, oxazepam,. luriLWpam, and clo- 
ru/epate. No evidence could be found of initiating or 
prof muting Activity of benzodiazepine for rat liver. 
With respect to the importance and extensive u^e of the 
henzodLa/cpines, additional research is necessary to 
explore the suggestion of some investigators of a pos¬ 
sible iKoplasm-promoting effect in other organs. 


Behavioral Chances. In the human, nuintetuiKe 

of verbid contact is an advantage when benziKli- 
azepine* are used in eeruiindiagltosticof operative pro¬ 
cedure^. In outpatient* Lbey are useful as sedaiiVMnx- 
iolylie and amnesic agents. 

in veterinary medicine, diazepam has been used in 

dosages that raodmrtcly sedate ami rials, However, the 
cat dws not appear to iwjXfld as well a* most species; 
aberrant behavior is sometime* mn, In die horse, the 
hehii* isiml effects become more prnminent as the IV 
dose* (O.OS, OJ, 0.2, and 0.4 mg/kg.i of diazepam axe 
increased i Muir et al. 1982): increased! CNS depress tori 
and muscle nsluAulion occur w ith inereaving dosages. 
IV doses of diazepam greater IhtUl 0-2 mgrtig produce 

marked itlusde* relaxant action and sternal or lateral 

recumbency. A fixed gaze and musck tremors of the 

head. neck, and thorax OCOIf after ihe IV injection of 
0.2 mg/kg diazepam; a|®.ia occurs 2 minutes alter its 
administration in horse-v Other effects after this dose is 
administered have been described by Muir et al. 
(1982): [ I j One animal collapsed and was recumbent 
for 3 mi mutes: hdWCfVfit, il regained a standing position 
but remained ataxic. The ataxia wll* inani Tested by 
weaving from side lt> -side, leaning agldnst the stock¬ 
ade, -or standing with crossed rear limb*. £2) None of 

ihe horses extended or lowered iheir heads; they 
jippearead lo he less aware of their surroundings. 
Ataxia and less awareness of their surroundings lasted 
for a haul 54J minutes in 4 of 7 horses-. (3) Two hours 
after diazepam adiTniraStrattofi, all horse* w ere calm hut 
appeared to have recovered to normal. 

Anticonvulsant Action. The antieonvukant 

properties of the benzodiazepines are useful nr treul- 
mens of status eplLeptieus (see Chap. 16). tetanus, eon- 
vulsions caused by ivK'taldchyde toxicity, and convul¬ 
sion* caused by endows of local anesthetics. 
Generally, diazepam .and related buiodi^pines have 
heen recommended as first aid agents in treatment of 
convulsions of diHerein origin (Kanto arid KkmO 

1982). However; La the adront hand* of the clinician, the 
rapid and amicowuUani effect of thtopenteJ or ifiiamy- 
lal must also be considered. 

Drug I KTER ACTK>\s. Dtnepan) and relaLed deriva¬ 
tives potentiate the action of other CNS depressants 
stieh as the phcniutiiazmes and barbiturates. Since 
diazepam binds to plasma proteins extensively; it* use 
with other known compounds thpl hind heavily with 
plasma proteins should he CMefitlly considered. 

Although benzLktiazepincs pcrtctidvlc ihe action ni 
thindepolari/ing *kclelal muscle relaxant*, this dries 
not appear to be clinically significant. Ometidme, irn 
H,-histami:ue-iecepcuir blocking agent:, impairs the 
hepatic microsutmil oxidation of diazepam; this pri> 
longs. it* ckflnm from the body and increases its 
c lim inai ion half-life (Grcenhlatt et al. 1984). 

CLINICAL Use. Although ihe FDA has mit approved 
use nl benzodiazx'piiiL's m animals, they arc being used 
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{especially diazepam ) willi incrtmiiij frequency in vet* 
eriilary medidftt, As a class of drugs die benzudi- 
;i/epiitei are used as behavioral modifiers, premed- 
Bcants*. anesthesia induction agents, and adjuvants in 
neuroleptanalgesia arid tor their anlicoAVUbdflt effects 
(see Chop. 16 fur details on anticonvulsant action of 

dluqam). 

DilzepMI available in Injectable and oral form*. 
The injectable preparation contains- 5 mg/ml. diazepam 
compounded with 40% propylene jlycnil, l(W ethyl 
ilcdho], 5% sodium ben 10 ate and benzoic acid as 
bu lifers and 1,5 r $ henzyl alcohol lor pitservitivt pur¬ 
poses, Extreme caution is neees^iry in adminiMering 
this, preparation; it is. ttercssaiy id inject the [V drug 
farm slowly. Small veins diotild not be used, Inmi iuce- 
rial udiPiinisLniticm must be avoided, Duizepartl and the 

vehicular organic *olvente can irritate Wood vessels 
and induce pain sin injection, In humane phlebitis and 

thrombosis- aficr in jection of diazepam can result in the 
loss of a limb (Schneider and Mace 1984k 

DOGS AND CATS- I n the dog there is considerable indt- 
^ iduul vLLTiation in response to the sedative effects of 
diazepam. It produces excitation in some dugs Lind d**:* 

not induce sedation in others (Haskins et al, NlWibl. 
Diazepam does not have a Eranquilizing effect in the 

healthy dog and should not be used without benefit of 
an adjunct sedative ( Haskins el al, I98filu 

A small IV dose of diazepam will produce uncon¬ 
sciousness in some animals, whereas others may not be 

drowsy after 2 mg/kg (Hall I 976 ), 

In general, ibe mHunenkd dose of diazepam in 
the dog indol is I mg/kg administered intravenously 
or orally {Kirk 1977), A maximum of 20 nig and 5 mg 
for a single dose i s suggested «the upper limit for the 
dog and cal respectively. In treatment of epitepiie 
seizures., it .may be necessary to exceed these upper 
limits C see (."hap. I by 

Diazepam (5 mg) given intramuscularly and sodium 
penicillin C (600 4 000 unils every 8 hours .1 Lid ministered 

intravenously were used in treatment of a 4-momSi dd- 
Brittany Spaniel afflicted with tieiatutfi (Bodily 1979). 
This treatment was followed with Id mg diazepam and 
3UJXK) unils of tetanus antitoxin in an IV drip of Iso¬ 
lated Ki ngers solution; a few hours I jilt, mcthocar- 
hmnul al 45 ffig/kg was given intravenously to achieve 
inusclc relaxation. Other pharmacologic agents (pento 

burhiuil, procaine pemrillin C. phenoboibiuk ampi- 

cftllin, and an exp^euiram-iMiijbi stanlitic-anl il ustfive 
CLimbi nation) were used up to discharge from the elude 

cm day 10. 

Diazepam II-2 mg/kg) hits been used in the dug iu 
treut cnnvuhjve seizures resulting from met aldehyde 

poisoning (Tumcf 1973), Diazepam (£>.2-0,6 mg/kg) 
administered intramuscularly or intravenously is coo* 

sidered a very effective and %afe pranedkink psiftteu- 
larly in the aped dug w iih cardiac disease (Muir 197?I. 

In the dog, LV diazepam (0.27-0.44 mg/kg) followed 
by [V ketamine 111 mg/kg) is used to induce anesthe¬ 
sia i Wright 1982). Duration erf aueM hesia is 5-22 mill- 


um; recovery is characterized by ICH— ■ S minutes ul 
alula and incoordination. However, this is followed by 
recovery soon thereafter (Wright 1982k 

In humans, the combined use of benzsMliuzepines 

with ketamine is referred to as- “itnulfcMa or 
^alanneslhttia " This combination prevents side 
effixis of ketamine such as cardiovascular e i/ho plica- 
lions*, elevation in intracranial pressure, and; psy- 

chomimciic responses. However, a longer recovery 
period mu si be accepted. Under field or primitive con¬ 
ditions. ketamine-diazepam infusions may be an 
optional flKfhod of choice. 

In the dog, IV diazepam (US m|fkg) followed by IV 
ketamine C10 mg/kg) is, being used for general, anesthe ¬ 
sia (Haskinsel al, 1986b). Until more data m available 
on die safety avid efficacy of this drug combination. its 
use should he approached cautiously. 

Use of diazepam fur sedative, ataractic, or neurolep¬ 
tic effect in the cal is- apparently of questionable value. 
According to Chase 11977), diazepam induces imtabil - 
ily and aberrant bchuv ior to such a degree lhal it cannot 
be rad m cats. Diazepam (O.05-04 mg/kg) has been 
adffliniHml by the IV. EM, and oraJ mutes to induce 
eating in debilitated and anorexic cals (Mac) and 
Gasper I985)» After IV adtnhhtratioo. eating begins in 
a few seconds. Benzodiazepines may increase the 

appetite by enhancing die negative GABA effect upon 
serotonin (Merely 19Kd) r 


HORSES. Use of diazepam in combi nation w ith keta¬ 
mine and xyIndue hydrochloride is characterized by 
imwjLh induction of and recovery fmm anesthesia, 

Dosages of diazepam, ketamine, and xylazine are 
described in Chap, 12 in die section on ketamine. 

It has been alleged that there has been, widespread 
use of diazepam and reserpinc for their taming effects 
in competitive animals such as race and show horses 
f Ray ci al. 1978). This unauthorized use creates prob¬ 
lem in enforcement for both raci ng commissions and 
various horse show assoc laiians. Sensitive methods for 
quant itatiufis of reaerpme indicate I hal approximately 

100 pg/mL of the drug can be delected in plasma; the 
lower limit of detection lor diazepam o- approximately 
2 ng/mL plaama (Ray et al. 1978), 


SWINE. In Lhe opinion of Ragan and Gil I is (1975), 

diazepam is the tranquili/Jng aoenl of ebniee in swine. 

An 1M dose of B.5 mg/kg produces excellent sedation 

m about 30 minutes and reduces lhe dose of peivlobar- 
hitui by about 5Q r .v, Bor nevrulcpbc i»r 1rjrK|uilizing 

action only, the recomts>etided IM dose of diazepam i s 

5_5 mgi^kp. The mosL noLiceahle side effect seen ub^iut 
$ minutes following administration is a moderately 
Mrverc pctslcrior alania “tin s pOAes no serious problem 
because the animaU usually become recumbcnl ab<.iut 

10 minute after mjactioft i Ragan and Gifllis 1975)., 

For indiidjon Of anitslhfeia in swine, on IV cutnbina- 
Lion of diazepam (0.55 mg/kg) and ketamine < 11 mg/kg) 
ha\ been used by R. B. Heath (Wrighl 1982), Duralion 
of anesiln's-ia is 15-55 minutes: recovery is smooth. 
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MINK. Diazepam hits teen uwkI in mink to prevent 
flHhStkHH of ansricty and a^re^si-venc* 1 * LSamtelien 
I9&6). In white mink of ihe Hedlund strain. the animal* 
aft Culally deaf and arc ealremcly resiles and eicitahte 
when handkd. Pure breeding of Ehi.s- valuable strain is 
extremely diUicu.ll. The feakflle& frequently refuse Eu 
male during normal esirus and may initiate vidfflu and 
even fatal fights. In reduction of ihi* aberrant behavior, 
various drugs such as sedatim* hypmnics, bromines, 
morphine, ethanol, ha rhi curves. 4md phenolhiuzines, 
including chlorprnmazinc, have teen u^d with vari¬ 
able success (SandcILcn 1966 k Trials with diazepam 
administered in Ihc feed indie^C that it is possible lo 
improve mating and to prevent the female* from killing 
their kils during whelping. Few jmpmvciWlH of mjLing, 
[he oral dose of diazepam eon six b, of I rng/aflimul/day 
f<3r 2 successive dsy* fallowed- by a dlainEenani-e level 
of 0.66 ing/animaL'day. For on of diurepath in stan¬ 
dard dark mink during whelping. H.ftft mg/animal/duy 
ifl fed few 0 munlh or more. 

GOATS. In the IM ttnipi ne (0.44 mg/kg I has been 

used IS minutes preening the IM administration of 
diazepam (D.HH mg/kgK ttw is followed 10 niHffaH 
later by an IM injection of ketamine (22 mg/kg) for 
induction of analgesia (Kumar et al. 1983 k Dgftffan of 
analgesia is more slum 22 minutes; time lo standing 
wilhoul assistance is 70. B minutes. Administration of 
dfanGJMID prolongs tte period of analgesia, incfftis^s 
muscle relaxation, and prevents reflex movements of 
limbs 1'Kumar et al, 19143), The IM dose of atropine 
(0.44 mg/kg I used in thi* study was 10 times greater 
item that ftcuilimended in the dog and cat on a mil¬ 
ligram per kilogram basis.; however, it must he remem¬ 
bered dial the goat and ruminants in general requite 
much higher doses of atropine to induce anticholiner¬ 
gic effects. 

Al in ite cat, IV iuIrniiiiMnjluw of diazepam (0.04 
mg/kg) signifitcantly stimulatet feed Intake in ihe gHl; 

tl is increased over animals that receive only IV nLwmal 
talkie f Aftiku E L WtS^ The effect appears lo be Ihe most 
prominent within the first 15 nUflUAH after administra¬ 
tion; it h no longer evident between 30 and 45 minutes 
after Ihc injection t Anika 19851- 

[n ihe goal, Bermuda gras* toxkosti or tram are 
suppressed for several hours by administriLiion of 
diazepam (Strain eL al. I9®2). An IV dewe of O.ti mg/kg 
suppresses ihe Iremurs al the peak of URHOflik 

CATTLE. Ebazepurn is being studied for its sedative 
and apptrtite j stimulating effects in cattle. JL induces 
sedation in calves with an IV dose of 0.4 mg/kg 
tMittkteir et al. 1984), Additional studies are required 
to demnnxlrate the eflktcy and safety of diazepam in 
cattle-. 


I. AHdRATX JR.Y ANIMAIJ-. Katamne alone and com¬ 
bined with, diazepam or Jtyiazinc has been used in a 
number of common laboratory animals (Green el aE, 
1OT1X Diazepam hat teen used in tte rabbit wtih a 


number of analgesic apenix for induel fan of neurolep¬ 
tanalgesia tReckncll ci al. IDSJaX In the gerbil (Afm- 



kelainine (5D mg/kg l has been u.*cd fur induction of 

anesthesia (Flubell et al, 1983b), 

EXOTIC SiPFOli, IV admiullHklaft of ketamine 

(3(M0 mg/k^.1 aJfcd diazepam (1-1.5 mg/kg) hus been 

successfully u*ed in dklflll] nptm representing 13 
species i Redig and Dike 1976k Kduiu and atropine 
arc misted togcLhcr and administered iflln tte bftcttal 
vein of ihe bird. Birds usually become immobilized 
within 15 seconds and anesthesia occurs within I 
minute. Five minute* after ketlffliu and uLropme 
administration, diazepam is given intnVHKHIlly. Owls 
are more sensitive to the amthetK Cortlhinulion and 
require lower singes CIO mgAgl of kAlJimiK a* well as 
greater attention during anes.thcLizacii.rti,. Tte uralbeftte 
induced permits amputation of iniured wings ;mid legs, 
open reduction and intramedullary pinning of fractured 
long hneSr laparotomies. and manor procedure* such 
as radiography and repair of liweralions it Redag and 
Duke 197% 

For immobilization of wild HUmiMlw, doses of 
diazepum vary from 1 to 3J mg/kg depending on 
specie* and degree of excitement al [he time of EM Of 
IV injection (Fowler 1978), Oral administration iv not 
recommended by Fbwlcr for chemical rexlraint or 
Lmmobilizaliou pnKcdures, Onset of aetkin- is within 
1-2 minutes following IV adminisir-aii^n; aftifr IM 
injection. 15-3tl minutes is generally required. Cltnicid 
ffltttt fflf diazepam generally are pne within 60-90 
minutes (Fowler 1971k 

Diazepam in cumNnalkm with ketamine has heen 
used for anesthetic purposes- in liver otters 4 see Chap 12). 

In the leopard soul tlfvvfny/^'cr kepdnryx), a -eombina- 
tion of IM diazepam (0.2 mg/kg) and IM keuimine (I 
mg/kgi has heen used to Induce light AedUkm (Gales 
1984). Administration of addiitonal Jl^sCx of ketullK 
and diuzepiim are necessary to induce anesthesia. 

Harhor wall (Mho riulitu) and gray seals \fhiti- 

choems grypus) can be immobilized by u combination 
of IV of EM ketamine (LJ mg/kg) and IV or IM 
diazepum (tJ.t>5 mgA.gMfieraci et al. 198 I f. hductlw 
and recovery wjih this comhinuiioai of drbgs urc 
smcxwher Lhun wiLh use of ketamine alone. 

In iu.nlhem dephanL seal pups iMmmttfiAi itn^ir- 
nrfnmtil) weighing 50 kg or less, IV diazepam (2.5-5 
rnffenkoal) is generally sufficient to induce sedation 
(Gage 1984). Larger animals need u 0,11-0.25 mg/Ttp IV 
dose (via ihe iniravc-rieteiLl extradural vein! for seda¬ 
tion to faciliLaic force feeding. LnmoMUiuhn is 

required in California sen lu.nss (7 4 j rati/unii* 
owk northern elephant ante mk\ hnrhoi 4 seals fur sur¬ 
gical diagnostic procedures; a combination of EM of IV 
utmpine (0,02-0,04 mg/kgi, IM or EV diazepam ill.21 
mg/kg K and JM ktiamine (4— 10 mg/kg) induces anes- 
[htsia for about 15 minutes, li is suggevied ihai 
atropane and diazepam te p admiaiBlered 5-10 mmuu^ 

before administration pf ketamine. The lower dose 




Ctia&r 14 t TfLUC^LlILiZEllf. GL-ADfcDCfttiHZ MOISTS AND (ttlATHS AGENTS J* Mirjarfr K ClHJI f SSI 






H—C—COOH 


Midixalim Malnif 


Hi i. 14.17 


Mia i 



o 


[Jhlordiazepua.idr 
H vd Pddl I L»i" i 


■ MCI 


FKL M.IB 


given in the dose ruge is suggested wJkjkw 

keUimine is given iDtnvcoouly. Animals may he intu¬ 
bated for hafochane administration when procedures 
lusi nknix iliui 15 minuics (Gape 1984}. 

Par restrain* of rhe American alligator (Alligator 
mississippitnsfs'k diazepam (mean dose of 0.37 mjz/kgj 
is administered by the EM mule: 2t) fflitUIdH later, suc- 
cicyldufin at a mean IM dou of 0J24 mg/kg ifi given 
(Spiegel el al. II9B4)- Mmck Rtuiiffli of the immobi* 
lized alligator faeilitules examination for reproductive 
procedures. 

M kto/ulnm Malntb Mtofeote, INN 

(Versed), is i hcnzmliazepine with pharmacologic and 
chc mteal simelural properties similar id those of | 
diazepam (Fig*. 14.(7). It wm -synthesized in 1976, 

MiduAbm po ttaw ul 1 1 he pnpenki characteristic i 
of beowdluepiKflr I| U anxiolytic and ancieonvulhanL j 
a iPp 43 will produce hypnosis, sedation, amnesia, and 
muscle relaxation. Unlike diazepam. midazolam is 
water soluble. High hpophiliucv is -reflected ID the 
large volumes ol distribution for midazolam and 
diazepam, although the relatively greater Lipid Milubil- 
ity of midamlam results in a more rapid onscl of Actum 
than diuqwu. Miriunbun is tppnniawtcly 3—4 rimes 
as potent HA diazepam, although relative potencies dif¬ 
fer aiming; Lhe buzodfcuepIlKl with ropttt to each of 
the phaniiaeinjiynainiii: effects iReves et al, 1994), The 
iniduok ling of muLizolam is rapidly oxidized by she 
liver, accounting fnriis shorter duration daction wkn 
compumJ with diazepam. Acconttag to OKtllnlisiD 
and plum dctnoct, mkUzohun is dusified as slixirt 

IjsLEnv, wlH!rL p ;i.^ diu/A!p;Lrii is classified as long lasting 

(Rem 1984; Grcenblitt ft al, 198)), Midazolam is 
hiotransfuniicd to hydmxymidazolams, which arc rela¬ 
tively inactive metabolites (Ziegler et id, 1983). 

Midazolam appears 1o he useful fur induction of 
fineslhesia in hi lit IMS when a substitute for DltnlKKt' 
acling harhiluraies is doind ( Sjic nqiiiLst ec al. I98tl) r 
Ten mg midazolam is equivalent to 200 mg thiopental 
in duration of sleep induced. Apnea following IV : 
administrulion of midazolam is less frequent and of 
shorter duration lhan after LhiopenLal. In humans, mida- 

Hriflm appears u> be a satis&ctocy ugem for jodoctioo 


of anesthesia; it is ahum 20 times as potent as thiopea- 
Cul, However, it will not replace thiopental as an indue- 
dm agent (Rem et ah 

MiLl:i/Dlam cannot he used alone Lti niaiitLitiii Ade¬ 
quate anesthesia: mtmu.% oxide and hikrthue are effcc r 
live agents for iLs maintenance (Rcve et a I 1983). ■Oit 
June I r 1986, midazolam WHS Approved by lhe FDA for 

use in humans. 


Midizoilm dosages far use in veterinary parents 
have not been established. SigguteddDSigjesoe sim- 

ilar to those for diazepam: 0.045-0,1 m|/Rf by IV or 
IM injection for the dog and cat; 0,0045-0-01 mg/kg 
by IV iqjtclioi for the horse (Murir and Hubbell 
1989). 


t'hlord iuicpoxide llydriwhluridv, CheAlien! I y, 
Chtardiazzppxid* ffydrQtkiGrtdtn USP (Librium), in 7- 
chloro-2-metiiylairiinQ^-phenyl-3 H -1 A- benzodi- 
uepiiK 4-twide mnnohydrochh^nde (Pig. 14.IB), lti 

pharmaeofogiE activity is comparable lie* that of 

diazepam; however, el hu leu overall potency. In tem> 
menl of anxiety and related CdvtdJbflH in huiiuutv its 
lonp-Lcmi use m ordinarily free from most comptica- 
lions. Seven! publications report liver damage, includ¬ 
ing icterus, buu tong-term admijti&tralkwi of ditor- 
faepoude. In lhe ral. studies Od (lie isolated peffuud 
liver reveal Lhut the drug decreases bile flow and biliary 
excreiiirti of so If) ihn Hiiophi halein f Ahernalhy et aL 
1975). Mosi vderbury rndkal uses in animals do nol 
exiemL over long periods. Development of liver impair¬ 
ment in animals fdlcnotg filmi-term trvalmein is 
unlikely. 

In liiiEnanv, cIilIjii siij^^sl IIil~ |Kissihilily LllLdL ehltfBT- 

diufipojtide may he teratogenic when adniroimera) 
during the fust 6 mb id pregnancy (MSilkovich and 
Van Den Berg 1974). Sf’ adminisLnsttun ul high doses 
(50 and 2(>H mg/kgj L or mure days prior tci Llie Lime fw 
Donuul paliUe closure iii Ute mouse results in ftfUCttnl 
deform iiies (he,, cleft polite) fWUker ud Plttenon 
1974), I hiii I mom is learned nhnui fkissthle leralogenie 
effects of chLHdkazgpaJtidfl during ge^tusion or preg- 
uacy, its u.se should he aviuded in breeding animals. 

ChlL'rirdkazjepoxide i.s cLacsitied ss a Schedule IV drug 
under the 1970 Controlled Substances Act. 
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TABLE 14.3—Dri^r of chlurdia/epovidc used in zoological species 

Specks 

IXiw 

Route 

FITecK 


Imgfrg) 



Eiunifteiifi lyns 

ft 

Oral 

C'-plm in i-1 hr; snd ala^in noted far wvictal htxirs 

fhngo 

1 

Orel 

Onset of aeciun in about 2 hr: no aum noted: ulh^ed petting 


1 

Ofil 

Atniia pmdmd 

Oiinei baboon 

11 

Oral 

Docik in 2.5 hr id altosv IV |xnu4<ait^i jI 

Sea hun 

7 

Orel 

L.elhargv and c-al rnlie ss iKiCed 4 lir lu£er 

Burmese nreeaque 

S 

IM 

Calmed kv onesthevia 

Ek'd kaiigaixci 

11 

Orel 

Calm in 1.5 hr fur nuhnj^raplis 

Mule dm 

2.2 

IV 

Calm within a few minutes 

Chiiu 

■I 

IM 

Cahn in 45 mm 

Gtrenuk 

5 

m 

Culm in 45 mbt 

Clinical Use 

0 


SWINE- ChJordiaj.ppsBiick! in ilji (M dose of 5— 1(1 
ing/kg has Lin onset of action about I hour folknvmg 
administration i Ragan and Chillis 1975). Sedutivc 
tuition of the drug rs unpredictable; there is no 
advantage in il% use over phcmnthia/ine derivatives, 
tR again and Gililis If ISh 

EXOTIC ANIMALS. Although chlordiazepoxide pro¬ 
duces li suImfiJpLtorv effect in li number ol exulic ujii- 
miiK iiL fail* to produce a desired dl’etl in the Surrtatnun 

Henri’s cat. fapir, and Uipspringer (Itekk 

1961), HowtVfl; I he lynx 4und dingo are converted from 

hostile, aggressive animals to docile ones. Doses of 

cbkudiii/eptixnJe reported by Heuschele (1961) to have 

produced favorable responses, in zoological species are 

^ununarued in Table 14.3, 



o 


Ik'jizodiiU'epme Antagonist*. Three different classes 
of benzodiazepine ligand* have been identified: ago- 
mi s. iuitugLHiu^i.Su iun.1 inverse ugunisls (Mdhler anil 

Richards 1988). The agoniate alter the mnformalfoik of 

I he GABA ^Tttcpior com pies, with ihe resulting 
occurrence of the agwibst effects (aiisiol^sls^ hypnosis, 
anlictanvulftint action, muscle reUouUiuii). Antagonists 

occupy the benzodiazepine receptor but produce no 
activity, therefore Mocking the actions of die agonists. 
The inverse agewnists reduce the efficiency of thy 
GABA inhibitory’ system., thereby resulting in CNS 
stimulation. 

FlUffiBHOll. In 1979, a specific ben/iidia/epme recep¬ 
tor antagonist. flum-izenil (formerly RO15-1788: Mazi- 
LLrfi i', was synthesized. Ftum&z#nil (cfhyl-8-fluam-3.fi- 

II i hy d ro - 5 - me t hy | - 6- o IO -4 i¥- i m t d aizu 11,5 - a ] 
lx: n zod a aze^i i n e - 3 - e nrtioxylale) (Fig. L4.I9) was the 
first hffl2DdMi£pire antagonist, approved for clinical 
use in human medicine (flrogtlcn and Gem 1991). 
Flu maze nil has high affinity and great specificity for 
the benzodiazepine receptor and minimal intrinsic 
effect (Hacfely 1988: File and Fellow 1986), It is a 
competitive antagonist., interacting with die receptor in 
a cotieenEratirtn-dcpendciit and reversible manner. 
Flunazenill as. mcudwlizedi in ihe liver and rapidly 

cleared tram tine plasma. Compared to other henmdi- 
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fizepines, flumazenil has the highest clearance and 
shortest elimination half-life. This results in the poten¬ 
tial for fesediiiion when a benzodiazepine agonist with 
4i longer duration of action is administered (Reves et sab. 
(W). Similarly, agonists dial are more potent chan 
fliwenil, such as lorazepam. may require adminis¬ 
tration of addiiional antagonist (Dunum et all. 1988), 
Flumazcnil has successfully reversed severe] benzodi¬ 
azepine agonists, including Miidazohim arid diazepam 
(RcvtiS et jI. 1994 >. Flu maze ml is devoid of any inher¬ 
ent cardiovascular and respiratory effects but will 
reverse those effect! of the agonists. Fluuiazenil has no 
luilivonvulsant properties and will reverse the anticon¬ 
vulsant properties of benzodiazepine agonists. There is 
evidence Ihml fluauzenil tends Co reverse the hypnotic 
and respiratory effects more Lhan the amnesic effects of 
benzodiazepine agonists (Weknbnam and Oclkf l L W>: 
Ghunein et ah 1989: Curran and Birch 1991). It will 
sine reverse respiratory depress km associated with opi¬ 
oid administration (Weinteum ;uvd Oeller 1990). 

A role for flunuunil in veterinary medicine has not 

been established. Al present, the most likely use for 
flunuzenil will he- in human medicine to treat overdose 
with benzodiazepines or to reverse benzodiazepine 


C opy rig hted m ateri al 
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sedarlioii a§ 3 *Kiated wKihanesdK 4 ia{newcl a 1 . U 95 W). 
Fhimflzenlt ha* also increased the dfertwess of a 
benzodiazepine dedvnjve that has been used to treat 

schistosomiasis- in humans. Patients become pro- 
roundly 1 sedated when administered 3-meLhytcluii« 
azepam to destroy ihe parasite. RumazeniL pres ents ilie 
sedation nf the benaMidiazepi ne but docs HOI idtdfcEt 
with the acQtipimitk effects, because it is ineffective al 
benzodiazepine binding site* in stftiECasurncs (Mtthler 
■el aJ. miy 


BlJTYROPHENONE DERFVATIVES 

Mechanfcm nf Action. The butyrophcnories are ncu- 
rtilepues similajr io the phenoihia/ines, with the pre¬ 
dominant effect of dopamine receptor blockade t see¬ 
the section cm lhe phenothiuzine derivatives). The buty- 
rophenones have selective affinity only for the 
dopamine D,-receptor subfamily, whereas I he p-lieno- 
ihiazines have affinity predominantly for the D,-recep- 
lor subfamily (Hyitei et ul. 1^85!. Buiyrophendtics sire 
often referred (o as selective dopamine antagonists, bin 
they also possess some affinity fear .S-hydmsyirypta- 
mihe (5-HT) and a ( adrenoceptors. Although there is a 
high correlation hetween dopamine-receptor blockade 
and neuroleptic Activity,, it has been suggested lhal 
interaction with other receptor types may also play a 

pitft in neunokjitie effects or may be implicated in neu- 
roleplic-as«oeialed side effects (Hyttel m at. 1985)- 

llmp-mdol. Dmperidnl, USP (Inapsine. Droleptani, 
also known as dehydrobenepcndol, has a complex 
chemical structure (Fig, 14.20), Dnopendol was com¬ 
bined with fetitiutyl citrate <md marketed under (he pro¬ 
prietary name of Imtovir-Vet, but the combi nut ion is m 
longer available (see Chap 13k A combination of 4-AP 
and naJoione (0.5 mgfkg and 0.04. mg/kg respectively) 
administered rapidly by the IV rotne antagonizes the 

effects of doiperidnl-fentunyl in dugs (Booth et d. 
I9K2). DroperidLi]-fentanyl-pentobairt>ita] anesthesia in 
dogs is best antagonized by the IV combuntion of 
naloxone f I mg/kg) and defflapram (5 mg/kg M Hutch et 
aJ. 1986), 

Pharm acologic Considerations. Drojwndd is 

400 times more active in dogs than dilnpim^ of 
chlovpntbixeiic and 10 times more active ihsn 
huUip^ridnl. Droperidul has ihi;; shortest action of the 
butyrophenones. It is the mDit potent antiemeiac 
known, being up to 1000 limes more active than chlor- 
pitimaziitc and chlorprOthixerke. Dmperidnl-fentunyl in 

4tfi IV dose of l mL/16 kg is capable of blocking the 

emetic effect of an IV dose of 0.04 mg/kg apomorphinc 
in the dog i Keith et al. I. L). 

As calaleplic imiiwbdity-priKlucing drugs and 

inhibitor* of ipomi«ui and cMdooed learning 
behavior in nits. luiiyrnphenoftc* are several times 
more effective than ehSorpromazine and chlnrprnihiK.- 
ene. They are also several times mane effective as 



o 


Djapfridirf 
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LUitiigon isls, of amphetamine and upavnnrphinc action in 
the ral ihan ehlnrprnmazine and ehhwyimthixene. Quite 
unlike butyrophe nones. phAndliizitei are potent 
hypotensive and hypothermic agents as well us antago¬ 
nists of epinephrine, Phenothiazines induce ataxia m 
much lower dosages and are quantitatively more toxic 
in action ilaait buE y ro p hc DOti es, The wide safety margin 
of drerperidol is related to its brief duration of action of 

about 1 hours. Droperidol as well as ehlurprinhixene 
may he classified among the most polenl amiiraumatie 
shock agents known. There seems to tie an interrela- 
tionship between anlitruumatk: shock activity and abil¬ 
ity of these agents, to inhibit arterial vasoconstriction, 
lit the dog, dniperidol has a wide safety margin; 
tremor*. muscle spasiicily. and hyperimtebility occur 
only after TV adminisiratiiwi and at high doses (11-22 
mg/kg). At an IV dose of (1,5 mg/lcg, dropcridol has lit¬ 
tle or up effect on cardiac output bul decreases arterial 
pressure, total peripheral resistance, and heart rate. 
Adrenergic blockade is me of the principal pharmaco¬ 
logic actions of IV drupcrkM (.0-125 mg/ig) in the 
dog. The slight hypottaaive effect ai this level is prob¬ 
ably due to peripheral vaMttiilatinn caused at least in 

pan by adrenergk blockade. TV droperktol (4 mg/kg) 
causes slowing of respimtiini and hean rare, liyi^uen- 
sinn, and a drop in cudiac outpui ns well as a decrease 

in the force of myocardial coniracmm., 

In Lhe USA. dropendol 1s available as a single agent 
for use in humans, [ts use in veterinary medicine is pn- 
iUfiflfil) 1 in combinatiori with fmilauyl for neundeplanaJ- 
gesic purposes (see Chap, 13k 

Precautions and Contraindications, Since 

dropcridnl ami related bilpphenanes block a-adren^ 

ergie receptors, adjniniscruxion of epinephrine is etw- 
IraindicaLed. In animals with severe curdluvasLular dis¬ 
orders. Lhe hypotensive action of dniperidol may 
worsen the cOTklition; curdiovuMnitar collapse is possi¬ 
ble. Plasma prolactin Mnecntratkm are increased by 

butyrophent'ine drugs by virtue of their blockade of 
dopamine receptors within the hypolhalamus. Gal act- 
orrheu may occur as a side effect. 

Ampmtm, Azaperofie (Siresnil. Suicdm) h a 

neunilepiie agent helnnging to the bncyfuphenone 
derivatives. It has ht-t-n used for nearly two deeiicliCh. in 
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European countries. In October I '983-. ttJptfHK was 
Approved by Ibe FDA ftw use us ii tniiquUlzef in >-winc 
weighing up lo 36k4 kg to contra) aggressiveness and 

fighting (Porter and SInsct 1985). 

AapGTOlK dmifilDy is 4 r “ l fltH.ie - i.i i --*4 r^-O’pyi'iOyl 
1 -pipefiziayl Ibutyvophenone (Fig, 14,11k 

AKipeRiiw i* a HHKrcffll | jp jvjnlable in the 1 SA as 
an injectable solution containing 44} mg/mL. h should 
be stored 4il 15-30° CL 

ftlARMACTJUXilC CONSIDERATION*. AupMMK is a 
reluLLve I y ttUtOXk e short-acting drug LhuL is rapidly 
detoxified and eliminated. Et is active for 2-3 hours and 
is nearly eliminated- from body tllMKil wkhifl L6 ItoUR 
fCalleur and Van Qotd 1973), Tissue residues of 4L£H- 
penone accumulate in kidney, liver. bruin. and skeletal 
muscle, ranging from less ihjuk 1ES to 80 ppm I hour 
after 4141 IM in. '. :i' -i. of 0.4 mg/kg (Kuwi and Oiling 
1978), Tlie utiMlle of uaperotK (ijt, aopaol) is 

idMi pre^tit as ii 1 issue residue. For more information, 

tin dfflie residues, see Chap- 5tt, 

Studies have been conducted on the hemodynumk" 
and pulmonary efieclsol u/aperone I'u-Jhiwing HIM and 
IV admijUHtralion in swine (Chlte 1969), EM doses of 
0 l 54-3J mg/kg reduce arterial pressure to between 7EJ 
and H4 r -$ of OOdtKkl values and refit xly tftiwillf respi- 
nitum, The severity of Ibe drop in Mood pressure 
appears 10 be related to dose level find usually occur 
within 3-10 IWHIIH alter administration. The skin of 
the pig bwHBfi pink, ostensibly from eutanenns 
VHQdttatioa t Clarke L WWJl, which may be nelaLed to Lhe 
blockade of ti-adrenergic reocpLors. Such blockade by 
UEapcronc OCCUtft in llw ral. cal. and dog (HipfcB and 
Priggs 3972). In (he pig. azapereme blocks the a-4idren- 
urg.it: action of phenylephrine i Gregory and Wilkins 
19K6j v Additionally., a/aperone has a dHriknlC |J- 
adiencr^ic blocking fiction and may suppress ^ympii- 
thelic reflexes. 

Administration of 0,03 mg/fcg azaperone by [he IV 
route in the pig results in a greater drop in arterial pftv 1 
sure t42% of the control value), tri addition, initial vio¬ 
lent excitement OCCUR, with good ndllkm following 
later. Res|iiruri.-ini rale becomes elevuied during the 
period of sedation, and a fall in lhe PCX'}, is observed 

h lE 

ifClarke 1969). Other eardiovascular effects include 
reduction in heart rale and cardiac output. 

In Che pony, mean arterial pressure is- lowered for al 
least 4 hours by IM injection of 4L£aperune ¥0.4 or 0.8 
Ott/kg) (Loos and Serrano 1976). Thh is about as long 


as the neuroleptic action of nnipenme lasts. Arterial 

bypotenskn in the early Mage nf drug action is due to 
a drop in peripheral ttsutm, which is nmQv in [he 

pharmacologic aecirwi of dr open do I. A/.apcronc docs 

tioc alter plasma protein coneenlralions; the pncked'fell 

volume und hemoglobin concern ration arc lowered by 
$-10% lor ut least 4 hours in the pony. Arterial pH, 
jPVCOj. and P O a remain relatively stable throughout 
the action of azapenme |Lees and Serrano 1976}, 

Az4ipcmnc prevents hulothane-induced midignant 
hyperthermia in susceptible swine 4 McGrath et al. 
L9H5 )l The minimal IM protective dose of ataperune 
that protect* NHVi of the pigs is 0.5 mg/kg; Lhe mini¬ 
mal IM dose that produces toxicity is 10 mg/kg. 

Because azapeirifK has a number of other pharmaco¬ 
logic properties similar to droperidn-l. see Lhe discus¬ 
sion above Oil droperidot. 

Clinical Use 

SWING. Azupenone i* used m swine So prevent popula¬ 
tion stress and aggressiveness and fighting thuL occur 
upon mixing litters (Symocns- and Van Den Brande 
l WJk ]1 isL indleaied in reduction of excitement during 
parturition and in prevention of suvvs from OVCft rnis- 
tneaLment and abuse of their youn|;. In Jbetnun pag>. 
aj^pereme is used for prevention o4‘ excilemenL and 
reduction of OMHUbty frtmi the u wriHdb| fflf tlw 
heart'" tyodrotne coaura to ibis hretd.. Ii is used prior 
Lo minor and major surgical pnxfdureN- condu ct ed 
under tool, regional. iilNJ gfllNrtUl feKSttKHl 

1972), 

The efficacy of azaperone against aggressiveness in 
the pig has, been evaluated in animals brought together 
in small., unfamiliar groups jSymoens and Van Den 
Braude 1969). After un IM dewe of less than 1.5 rngVltg. 
piglets and adult pigs lie dnwn in 3 and IB mmuLc-s 
respectively for 30-60 minutes. Dnpke the influence 
of azaperone. violent fighting foltow whenever they 
ure Man led by inadvertent HiK nr disturbance in an 
adjacent pen. Sxime ajiimuls treated ut doses lower thiin 

1 5 nig/kg die Mkwiag epis^>dcs of fighting (Symnens 
and Van Den Brande 19691. When EM dosc-s of 1.5-3 
mg/kp are administered. sedatiiKii is observed Within 
5-15 minutes. This effect lasts abdot 2 hcrarv. alter 
which ihe pigs dove ubotLi withLHiL diflficuJiy and with¬ 
out manifesting aggressiveness. Although occasional 
fighting occurs to establish a pecking order, it usually 
is of short duralion and intensity. No deaths have 
occurred in animals treated ul these dosages (Symoens 
and Van Den Brande IMS'S 1 ), UllttWd or ctmlrol ani-* 
nuds fight more than twice as frequently 4ind four limes 
as long. 

[he remarkable action of UlperotK in inhibiting 
aggressiveness in the pig not only occur during seda¬ 
tion bin appears. Ur be permanent. Perhaps hy Lhe time 
K'Ltiiiive effects have waned or disappeared, animals 
have adapled lo each other by exchange of sensory 
informalion 4smell) and acceptance of one another 
occurs (Syauens uml Vun Den Briuide I %9), In an- 
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trust to ilw*£ findings Blaefcshaw (19*1) reported lhal 
I ml/ZO kg or 2 mg/kg of injected wponne (pmhahly 
by ibc [M route) diw not prevent fighting. Fighting ip 
treated groups wan seen as often upon nceiwery from 
the drug $is. in untreated groups. The differeni results of 
itost* invesiigitforN are unexplained. 

Tn a field study involving a large number of pigs. 

■uzaperone use has been classified according to type of 
effect following IM administration (Callear and Van 
■Ueslel 1973): (l) kw -doses (M-1.2 mg/kg) for stress 
■conditions such as anxiety and DffWlflKS penult ani¬ 
mals to remain unbutatory and cairns (2 j median d«e 
primarily liir Che socializing cflfect at a level of 2 mg/kg 
cause animals to eventually lie down and appear som¬ 
nolent hut allow them to move around if disturbed; and 
(3) when high doses of 4 mg/kg in adult pigs and H 
mg/kg in piglets are given for their knock-down effect 
lor minor surgical procedure). liinimuk become recum¬ 
bent and are unable Co stand. 

To avoid untoward effects. it is recommended lhal 2 
mg/kg DDt be exceeded in largi: bun (CaHetf and Van 
Gwtel 1973). I 

Recommendations of the European manufacturers 
fur use of azaperone in the pig intramuscularly arc I { 
mg/kg for production of sedation, 2.3 mg/kg fur reduc- | 

lion of aggressiveness, and S—10 mg/kg For knock- • 
down nr imntnbili/iirichn effect (Cos 1973k Tn the USA* 
an IM dote of kapenne (2-2 mg/kg) in the feeder pig 

Is approved hy I he FDA. 

Az^pcrcmc must he administered hy the IM rouie nr 
il will be inell'et'live. It must be given by deep IM injec¬ 
tion either behind the ear and perpendicularly to the 
skim or in the gluteal region; injection into nr near the 
sciatic nerve musi be avoided. A disadvantage of uap- 
evone for LminobiliztiJlion of adult swine is the Large 
volume that must be administered. 

According to Blackshaw (l L J*M. acaperone does not 

radium ihe aggrecrive uttnctitHU between pigs at 

weaning nor due* it provide an added growth or weight 
gain advantage in the period after weaning. Moreover, 
Blacks haw slated that there appears tn he no economic 
or commercial advantage in injecting arapemne into 
pigs placed together - at weaning. 

In hours. tM stcupenme: (1.5 mg/kg) reduces lighting 
hut does IK* diminiite aggressive behavior (FttCO 

1986). It is suggested that a/aperone may be of value in 

transporting boars in close confinement for no mure 
than 4 hours if they have been detusked. 

Azupcrcmc and a hypnotic drug, Mtwmbtou. INN 
{llypnudil) g arc used in combination to produce a con¬ 
dition resembling ncundepLajudgefia in the pig. Azap- 
erorw is given in an IM dew* of 2 mg/kg m\4 is imme¬ 
diately followed by mtfLxnjdui« iirtripe ri tofl ei ffy m 10 
mg/kg (Cm 1973) As an altcmalivc p a/j^perone (2.5 

mg/kg) is given imramusctiJafly. and 20-30 minutes 
Later metomidatc (2.5 mg/kg) is administered! inira- 
venously (Jones 1972), 'ITiis combination produces 
deep sedation for over I tour and is satisfactory for 
surgical procedures such us amputuLion of u digit or 
etsflrean section in conjunction with regtotud or Local 


aucsthcxi-a. If it is necessary lo extend or increase the 
period of sedation, another done of mctomidale fh 
mg/kg} may he administered intravenously. When gen¬ 
eral anesthesia is required, and lo enable endotracheal 
intubation, 5 mg/kg. metomidate are recommended Fol¬ 
lowing administration of azaperae {Jones 1972). 
Metoottdate fa a nonharbituruie agnl and is used in 

other species (see Chap. 12), 

HORSES. Azaporone is an excellent Undk agent in 
I lie horse (Hilttdge fit iL 1977: Mackenzie and Snow 
1977), IV adminisrratiiwi should he avoided becatSK ii 

can induce marked arterial hypotension. Awipcront 
10.29-0.57 mg/kg) quite frequently evokes cxcilcmcnl 
or a panic reaction following IV adminislration I Hod¬ 
man and Waterman 1979). 

Ibe sedaLLvc effect of 0J mg/kg uapcrtne ii con¬ 
sidered to he greater than ihuL peoduod hy 0.1 mg/kg 
iicuproHuizirU 1 when 4idminiMcred intramuscularly If 
tapenw is u■sed prior to induction of anesthesia with 
tMopeotaL ii is suggested ihul [V thiopental nut exceed 
7 mg/kg (Hillidge ec a], 1977), fSenetally, ihc cardio¬ 
vascular actions of azuptrmne are likely Lu have liLLlc 
etTcct in normal animals; however, caution needs to he 
taken when azaperone is udministeied to imemte, hypo¬ 
volemic, or debili luted animal v 

In ihe pony, an IM do» of 0.4 mg/kg m pe ro n c 
induce* a slight to excellent degree of neurolepsy i Loo 
and Serrano 197b), hollowing a higher dose fO.ft 
mg/kg), a good lo excellent effect is obtained, Onset of 
action is generally seen within 10 minute*, reaching a 
peak after 10-70 minutes. Effects of azaperone in the 
pony decrease by 2 hours and usually disappear after 4 
hours. 

Limited studies with azaperone-meiL?midate have 
been conducted in the hor*c (Hillidge ct td. 1973).. Aza- 
perune has been used in an IV dose of 0-2 mg/kg ibl- 
towed hy TV axtOfnktale (3 3 mg/kg): surgical anes¬ 
thesia hist* 8 ± 3 minutes;, tin 1 uppruxiniaJe time 

required il? Bland lakes 35 125 minutes {Crispin 19ti4) a 

Hemolysis OCCUR in samples of venous plasma col- 
levied between 5 minutes and 6 hour> following admin¬ 
istration of azapcrone-metoniidatc. Until more Ulfor- 
nuiticm is gamed abouL Ihc hemolyLic effect, this drug, 
combination shtmld not be used in Ihc torse (Archer 

1973). 

Precautions and umitruiindicaLkin* in the use of 4izap- 
enme are generally the same as ihose discussed for 
droperidut in this chapter. 
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LOCAL ANESTHETICS 

KHURKHEED R, MAMA AND EEMiCNB P. STEKEEY 


History 

Rcquimnnibi of an ideal [.oral Aitcslhtlk 

General Properties 
Chemkil Structure 


Ph^lnchmicfll Properties and Structure- 

Activity Relation* 

Pharmacokinetic* 

AhsnFptikin 

Dh trttut twi 

IS-Nilrunsriij'iuatiijn and Excretion 
I'harmHcixli n^miiN 

Mechanism of Action 

Toxicity and CwnpEtenijoias 
Clinioil PhkimMioloii) 

Anesthetic Pa miry 
Onsfl of Anesthetic Action 
Duration of Aiicsthetic Action 


Pregnancy 

Uses, of Local AJHsthctfts 
Local Anesthetic Agents 


liniK^LtT Loral Anesthetics 
Cocaine Hydrochloride 
Pruolbt Hydrochloride 
Chforoprocafne Hydrochloride 

1 cl tsll'jlS CI4. 1 Hydrochloride 

Ekn/muinL 


E’ropurucuine Hydrochloride 
Aminoamhlr Local Anesthetics 


lJdoctiK Hydrochloride 
PrBocalne Hydrochloride 

Eutectic Mixture of lidocaioe and 
Ptikrcamc (EJlrlLAI 
Meplvacnilne: Hydrochloride 
BvflwDiiK Hydrochloride 
Elldocalne Hydrochloride 
Ropivataine Hydrochloride 


Local ime5.LhcLi.ei arc drugs that when applied Locally Co 
nerve tissue (endings or fibers) cause re*4rriible block¬ 
ade off nerve impulse cumlucliun. AL effective curiuen- 
trstkms. k>cal doe^Jwiics Node cran-Miussiion of uto- 
iwmiCs somack *en*ory B and uoulk motor impulses, 
Thu*. depending upon iJw nerve and the wa inner¬ 
vated, autonomic nervous system blockade, anesthesia, 
and/or skeletal muscle panlyiii may result. The action 


ot local nortuM is reversible. Recovery of nerve 
conduction occurs spontaneously without evidence of 
structural damage to nerve cells or fibers. This is in 

coftlnut to other compound! such as phenol that will 
also block neural comluction. However, in this case the 
action is irreversible becUK p1khh.iI causes cellular 
■destruction 


HISTORY, The fir^i diktlly significant local anes¬ 

thetic Mi be Iispd wiLs cHK-iLiiiw hydnschUsHsle. It is an 

alkaloid and was first obtained from the leaves of &y- 

wm 

tkmxyltm am a tree indi.gtTn.ujs to Chile. Pore, and 
Ridivia. The native runner* of chis area, chewed occi 
i ";ico allay hunger and fatigue and produce jwyehie 
siiniulation while they carried messages through the 
forests. The tree is cultivated now in several tropical 
countries. It was imported to Europe as a botanical 
curiosiiy., in i960 Niemann isolated alkaloidal cocaine 
from leaves of the iree. The local anesthetic effect ol 
ihe alkaloid was noted but not utilised until Roller used 
cocaine to anesthetize the eye in 1884, Thereatler. 
cocaine was accepted as a local anesthetic. It was used 
in denial and surgical procedures by Lhe metiuds of 
infiltration and nerve bilking. In 1H85 Coming 
injected cocaine ifltnihccaDy Ijnlo Lhe suhanduurid 
spwuf in a dog and paralyzed posterior spinal nerves to 
produce spinal iincsibevia- it wu nearly 15 years Later 
before the technique was successfully employed on 
humane. Also in Itifctf McLean, u veierinunan of 
MeaJviJIe, Pennsylvania, first successfully used 

cocaine for nerve blocks off the limbs in the hcir^e- 

Will scatter compleicd ihe chemical sirucLure and 
final synthesis of cocaine in 1W2. It became apparent 
that cocaine pMtosbd at lenst two untlesiruble proper¬ 
ties. viz,, a marked toxicity and drug addiction. 
Chernists began searching for substitutes that pos- 

se^-sed the Mutk; local maidMlk prtipeniv*. Ill I've years 

later, Einhom synihcsized procaine hydrochloride. 
Many other compounds have been synthesized since 
them for use as local anesthetics. Whale they differ little 
irt therapeutic effioacy. AflK is entirely free from unde- 

tbibk propattef. 

The search for new 1 and beiier local unesiihciks con¬ 
tinues. There are presently about 5i$ local anesthetic 
compounds* of recognized dink-al value. Only thiM of 
primary importance in wuidfty medicine in North 
America will be covered here. 
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Requirement* of an MeaI Lunt Armihrlic. l"be j 

ideal local anesiheiie duukl provide ftVtftibk 1 11 

nerve blockade wiih no local (e.g., neural) or s-ysLemk- 
(eug,, com] iwvoiu system fCNSJ or cardiac) toxic¬ 
ity. The nwH and duration of blockade xhuuld be pre- 
Jkttbie and consistent in aD appticaJtoa^ As this UJl-ilI 
Is not Ciirefltly tvaUabk, iipprcKpriaCe clinical 
seketiofl of a losjal iiiteslhelic agent musi be based tin 
3tFi uiiiderMiiiiding of the physiology of neural conduc- 

liLPib und i he pharmacokinetic* Uld pharmacodynamic! 
of each individual drug. 


(MINERAL PROPERTIES 

Chemical SbnctHL Tk typical local anesthetic muL- 

fcrale consists of an unsiiLuraLtd aromatic j^mup {usually 
a heil/-iiw ring) linked by irn intemwdiale chain Bo a ter¬ 
tiary amine cikl {Fig. IS. 11. The tertiary amine is a bu.se 
(proton acceptor) k lire clinically important h:«c,a8 anes¬ 
thetic* aft: divided into two distinct chemical grxsups 
bawd an tfadr Intf imrrliair chain. Tbe ami noestcrv arc 
local anesthetics with sun cvtCf link between die iironiiilic 
and amine ends-; procaine., chlnmprnctttlK. and-tetracaine 
are examples. AiranOGfudn sire local iiiivKlheLici* with 
an amide link between tbe arcunaiic and amine ends; 
lidwiiiiK 1 . Dfiplwtiu, hupivacame. and nypivacaine arc 
examples (Hg. 132). (Moto; a memory aid For differen¬ 
tiating moden, clinically important local uodiaki 

into the ester or Lhe amide gmjpjqg is ihtf | except fist 
piperacaine. an wtPT not duciJBIod in >|hi^ rev jew] amldci 

have an "T in the prefix [before ‘"cainc'" | of tlw generic 

name of the anesthetic-1 1 

Physicochemical Properties and StnKturt-Actfvfty 

Relation* 

Lrwinin.ir-MvDftiiifitii.ir Balahol The aiomlie 

ring system and alky] substitution lo cither the ammacic 
region or amine end of the basic Local ancsihciic mole- 
cuk impart lipophilic drnAikics to the molecule. 
The lipophilic njilure of the molecule affects the ten¬ 
dency of j compound to as^oeiujlc with memhfiuie 
lipids flipid solubility, w hydrophobicilyk Lipid xolu- 
bflky ii related tL^ UKstbetk potency: lhe flue lipad 

soluble, ihe greater ihe potency. Duration of action also 
incmsH with increased lipnphilidiy. Forexample, efi- 

docaine has more carbon atoms on the amine end of she 
muletule than lidncaine and is lour lime* mure potent 
and has a longer duration of action (E'ig. 112, Ibble 
IS.IE Tht; demilance of aromatic ring substitution 
(over tbe amine substitution) in determination of 
lipophilidiy is exemplified by comparing lhe actions of 

lhe two ester local anesthetic* procaine and letracaine. 
Although procaine has a greater amine substitution 
slum lelrucaine. lhe taller hits :i greater uinmajl ic substi- 
lulion ihuLyl K and U more potent and reported to have a 
longer clinical duration of acLion than procaine. 
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FIG. I 5 I—IjiJC-uI IDHtJuticfl lshisisL uf h)dniplulic Jiiul 
hpnphilK" i liydmphuhicl e?nds i.'xsfinifLt^Li hy ^ hydnviirhon 
cllam. Hh: LiKinoLtin^ clhain is either un srmide. +?'- in lidci- 

tulnd, cw ;m mct, in pvwaiJK (Fnn -Slrishujli and burdt 
1W4, reprinted! u-tih perntBion.) 


chemical equilibrium between Che uncharged base (the 
liU-i^ltiKcd fvnfl) arid vIk: cuLionic (Lhe iouzed) Corm. 

The relative ptopoctioo of these two form-H. m deter¬ 
mined by the chemlcid nature of the oonpoutd (tab of 
acid nr base), the pK^pHl at whieh (beCQflCCOlndoafi 
of Lhe ionized iend un-inni/cd forms are equal) of the 
compound, and- the pH of lhe environment imo which 
the SOlutkH is hjfiCtedi Tliis relationship is described 
by lhe following modified venlm uf Lhe 1 Lenderhon- 
HtwIbiicli equatiw 

, f Mired form 1 

"«I j * r ‘ ' ' 

Since hw;at tmdKtks are weak bases vrirti ptC j val¬ 
ues in llH" range of 1J-9, Lhe preduininane form at 
physiologic pH is the iLniii^cd.. ur cationic, Dum liable 
|5.l j. While the caLlonic form is felt il? he impoitaal fur 
Local aneKthctk activity at reccptLvr cite, it is Lhe 
uncliarged ha.se ihai is cspcvaally imporiant in the nipid 
pcnctraCion and dilfusion through bnlogkal meni- 
brane^ (the los'al incsthstic receptor is likety iuh axo- 
sible fnnii Lhe external side of tiie cell membrane). 

m 

Titus lire arnt>unl in I he but fm strongly influence^ 
Lhe nnui'E irf drug action and file drug's poteacy, 

PftOTfilN BlNDINd. The lertiary amine is rrkivieLy 
hydrophilic and beam some positive charge in lhe 
physiologic pH range. The degree of ionizaLiuu lias 
been poskrirdy correlated to protein binding In gen¬ 
eral, lhe degree Lo which local anesihciic* bind uj pro¬ 
le ins influences, their Llaraiion of action; greater bind¬ 
ing relabel to prolonged duration of action, As 
discussed bebow. the conduction bhnrk caused by hical 
aiiesLhcticK is believed Id occur following interaction 
of lhe anesthelie with a protein KttpUtf kKtlfid w-uhin 
lhe sodium chaand of the nerve membrane. If tire 
ageiht Ikes a greater affinily finr the reecplor and hinds 



HIvnoaEN low CoNt>:NTKATK)N. Local anesthetici 

are w"C4ik bases r III solulioik,, Um;:i\ aclusllKlics exist itl 



k D S P DomcwiihR. 

FK1 13,2—bpmeaRUvw bead nsHtfactk igab in nmni dintcal ust (Modified frmStrktwtz md Ethnic I9W.) 
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TABLE 15 J—Comparative' phurmikcttlrigy of commonly ukhJ loesfc antHJheries 

fraction 

Oihci Duration n on i united Priiicm Lipid 

Clraifiodiun Pewrtey* nlf tttfc* rf wrMm (An) p'K a pH ■ 7.4 binding {%! Mobility 

EUcn 


iVsH.-ai lie: 

1 

$krw 

45-60 

8 ,9 


6 

0.6 

C'tilunffixaine 

3 

Rapid 

3NW5 

O 

3 

— 

= 

Tetracaine 

Amide* 

h 

Slim 

W-ITO 

8.5 

7 

76 

SO 

Lidcteaine 

2 

Rapid 

CO-HW 

7,9 

25 

70 

2.9 

Mepiv^euine 

1.5 

1 mcr media ic 

90-ISO 

7.6 

39 

77 

1 

Hupivacaint: 

X 

Inrtmnedijle 

1MP-490 

8.1 

13 

95 

2S 

Etidocainc 

1 

Stew 

240-2 m 

7.7 

33 

91 

141 

Pritaine 

LX 

Slim 

eo-iw 

73 

24 

55 

0.9 

Rnpivnue 

-a 

Imcrmcdiaie 

Similar to 
bupracnc 

3 1 

Similar to 
bupivacaiiK 

94 

Hel ween 
mepivac-aine 
and bii|H\LHL'aigiL! 


Swpcc; Modi Tied Prom Smelling 19B7 (Table 7-1) and StaKhflrtz and Berde L994 (Table !5-2)_ 

"ISli'Aing |H.!lciK'v niliilive 1u prucnnfi; data frarfei i-.iiIliIo.I nerve sLudiie* iSlnthurL/ and BltlIl: L9-J4, Table 


mon firmly 10 ihe receptor site, it presumaMy will 
reiuin within the channel for a longer period of time, 

.jjkJ this condition will result in a more prolonged 
block. I"his explanation remains speculative since 
most of the information on local anesthetic protein 
binding bus been obtained from studies of plasma pro¬ 
tein binding. It is assumed that a relationship exists 
between pda&fna protein binding and the degree of 
local anesthetic binding to membrane proteins, Bupi- 
maine, elUtocaifn, and ropivacaine ore examples of 
local uMsLheSie agems Lhitl are highly protein bound 
and have a linger duration of action than their anode 
sir ester counterparts fhbb 15.1). 

It is inportHt to remember that the aclinn of lexal 
anesthetics- relates in large part to their chemical and 
physical properties and Lhut these have largely been 
determined in vitro. However, in vivu the actions uf 
these agents may be markedly altered by other clrcunv 
stances uane of these will be reviewed briefly later in 
thi s chapter. 


PHARMACOKINETICS. Local anesthetic agents 
are usually injected into a locaJi/ed area of the body to 
block specific nerves. The absolution uf the drug from 
the site of injection, the drug's distribution kinetics, 
and the degree of hiutriuisfumiuiion and excretion uf 
drug and breakdown products from the body are uf pri¬ 
mary cmpcsnancc in determining die systemic disposi¬ 
tion of She drug and potential for tux icily (side effects). 


AhMirptkiit. The systemic absorption of local anes¬ 
thetic agents is influenced hy many factors, including 
the dosage (volume and concentration), site of injec¬ 
tion, presence ora vasoconstrictor. and physicocheini- 
cal and pharmacologic properties of the drug. Many of 
these factors also influence duration of effect of the 
drug at the site of action. 

In general, while the effect on systemic absorption of 
varying either volume or cuncentniliun fill a cOdsiani 


dose) of local anrt^Llielic administered is variable and 

generally mot significant,, (he overall duse h correlated 

with increased systemic absorption and higher peak 
drug levels, Site of injection also ftipuficanlly influ¬ 


ences the peak drug eoncenlrations in (he blood. Local 
anesthetic deposited in a highly vascular area wilt be 
absorbed more rapidly and result in higher blood levels 
of drug than if injected into tissue of less blood flow. 

Tile presence of vasoconstrictor substances ■such as 
epinephrine tends to reduce systemic absorption by 
reducing local Mood flow. Bui this effect may vary 


sornewlml depeitdirtg on the nature of die local anes¬ 

thetic. For example, compared to use of a local anes- 

Italic alLHic, CQAOJdTtfU LLsi of a h mslfic IOI such as 

epinephrine (e.g., at concentrations of 1: 2Q0JODD) 
reduces Che peak blood levels of ihc shorter acting 
drugs (e g.,, lidocaint J NjI has a less pronounced effect 
on the more lipophilic and lunger acting agents (e.g.- 

eiidocainek 


Distribution. Amide local anesthetic agents arc 
widely distributed in the body following an intrawnous 
bolus injection: a two- or threc-comparlmcnt modell 
(Table 15.2.1 usually describes their pharmacokinetic 
properties. Distribution uf esler anesthetics in tissues is 
much more limited because iheir plasma half-lives ore 
very' skat (idtUn a few minutes) due to their rapid 
breakdown by plasma p^eu<kx _ hu|iueMeni.ve 

Distribution of especially amide-type local anesthet¬ 
ics may be further influenced by anatomic and patho- 

pbyunkfjc f-aeiors- For example, the lung is, capable of 
extracting at Lea>i some amide local anesthetics and 
(hereby limits the amount of drug reaching the sys¬ 


temic circulation and downstream sensitive sites 

. Conversely, hypercapnia and resulting 




acidosis in the CMS will Likely increase regional blood 
flow and as a resull increase local anesthetic concen¬ 


trations in Utt brain and increase ihe risk of toxicity. 

Protein binding is another fociot that may influence 
plasma drug eowenlfationa, as ii influences the free 
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TUk 15.2—PliuritiiMtrikiikrlji properties 
In humara of selected amide local aoesthelii? 


Ageiwt 

f ICa 

l.rrvinj 

r in£ 

Imin j 

ja 

w 

Vd_ 

(Lj 

n 

iL'niinj- 

Pritocaijne 

05 

5.0 

1.5 

26 k 

2M 

Lkbetine 

1J0 


l.fi 

91 

0.95 

Mepiwaifie 

0.7 

7.2 

1.9 

M 

0.7^ 

Bupivjcupw 

2.7 

28.0 

3.5 

72 

0.47 

kupivacairx* 



1.9 

59 

0.73 

EtidoaiK 

2.2 

19.0 

2.6 

133 

1.22 


JSDUftxs: Slridtartic md Hcrtli! 1994 : Ijsu el al. 

Note; Vd„ ■ volume of distribution at Bkady state: 
O = clnruKe. 


drug available few hoih activity and clearance by the 
liver Toxic plasma concentration h inversely propor¬ 
tional il* degree of protein binding. 


Rifltraiisfttr.miiliiiri and ElCIttlm A major differ¬ 
ence between the aminoannides and amim-scsicR, is ille 
pattern of metabolism. The enters are hydrolyzed pri¬ 
marily by plasma picudkxfmlincslisrasc, whereas ihe 
amides largely undergo enzymatic degraiiaiion in the 
liver The diffimtt in metabolism has implications for 
both ditikal usefulness md observed toxicity tor ihe 
two classes of crunpoutids 

The principal metabolic pathway of load anesthetics 

with ester Linkages i> enzymatic hydrolysis. Derivatives 
of 4 -ammo-benzoU: add are primarily hydrolyzed in 
Lhe plasma by nonspecific pseudoeholinesterases. 
Cocaine lh an atypical ester in that it undergoes signii- 
icanl hepulic mctaKHism and urinary excretion. The 
Rite of plasma hydrt.il ysis for the other ester compound* 
varies; cMmiprocaine has the mc^t rapid rate, fol lowed 
by procaine, and tetracaine has the slowest. Toxicity is 
bmfldy related lu ihe rate of hydrolysis. 

Pregnancy, which reduces plasma cholinesterase 
activity, hiig 111 prolong the iksumc of the ester anes- 
dactits and increase the potential tor toxicity. Despite 

generally rapid sy stemic eL«uranec of the ester 
I llclics. subarachnoid udministratkm of Ihc-j drugs w ill 
result in a clinical effect until the drug is sy-lemieally 
absorbed. This is likely due to the lack of aignilicant 

pseutdoeholinestwase activity in the cerebrospinal 

fluid. Products of hydrolysis either cun be directly 
cxereied (e.g- fc nearly 2.5** of dielhylumin^ielham.d from 
dcgradalicm of procaine) fey the kidney or. more com¬ 
monly. can undergo metabolic transformation (Ktilwas 
U'979). Para-aminobenzote acid (PAHA) is a breakdown 
product of the esters responsible for allergic reactions 
in wme human patients. 

Compared with the ester local anesthetics, the 
metabolism of the amide local anesthetics \-- more oom- 


p 1m. Metabolism takes place pmuffly in the liver, 

although some plasma hydrolysis is rlimighi |l» occur. 
Plasma hydrolysis may contribute m the rate of clear¬ 
ance of the different amide agents from the hluod; 
pnlucame. etidocame. and to a lesser extent liducaing 
arc all thought io undergo plsisma hydrolysis. The 


amide bunds of luepivacaine and bupdvac-aisie do not 

undergo hydrolysis by plasma esterases. 

A cmiLiiHui pathway in bi u c R i n s ft »n tiai i t> 11 of amide 
local anesthetics is dcalkylalloil t Kolwas 1979.1. This 
chemical process involves alkyl groups either linked bp 
nitrogen or cwiygen atoms of the local aneslhetic nr in 
its products of hydrolysis. Dealkylation occurs prima¬ 
rily w i ill in the hepatic microsnmes. Lidncainc, which 
has been studied extensively in human beings., under¬ 
goes oxidative A'-dealkylation, to mnnocthylglyeinexy- 
hdide/J hiv inleimcdiatc compound is then hydrolyzed 

to 4 hyiwy-l6-Hyliine l which i* excreted in the 

urine, 

Bupjvucaine also undergoes hepatic dealkylation and 
hydrolysis hul is thought to he al least partially detoxi¬ 
fied by DHvjugalion with glucuronic acid. This may he 
of clinical significance in cals since they have a lim ited 
ability to form glucuromdc conjugate^ The clearance 
of mepivaL'ame is reduced in neonates, which is likely 
due to immature enzyme system development, and 
hence is not recommended for use during cesarean sec¬ 
tion. PTilucaine is metabolized to ortho-Loluidine, 
which iv capable id oxidizing hemoglobin tw methemo- 
clohin. thereby limiting its clinical application. 

In general, the order uf clearance of am kies is prikicaine 
(most rapid) > etidocaine > lidoorijiK > mepvacaine/ 

ropivacainc > bupivacaine (least rapid). Since Ihe 
amides undergo primary enzymatic degradation in the 
liver, change- in hepatic function] and/or hepanc blood 
flow fas may he induced with hypotension, during 
regional ur general anesthesia and m certain disease 
states) will prolong the clearance of the drugs from the 
body and may increase the potential Fur side effects. 

Similarly, chan ps an renal fund ion might also influ¬ 
ence clcauiUKe of luol anesthetic metabolites (and 1o a 
tor lesser extent ihe unaltered pareiiL drugs a 1 - they are 
elimhilt^l almost entirely by the kidney. In general, 
because rm^l local anesthetics contain alkaline amino 
i^ical^eJtaetion in an ucid urine i - gnr-aler because of 

increased ioniftitkffl. fn $dkaJine urine, renal dirnina¬ 
tion of local JiiL'schuCiLS i \ dtrlaycd or \Uiwr:r 

the drug remains pnncipally in the un-ionized sLale and 
iliay be easi ly reabsorbed. 


PHARM AC :i HDYiMAMICS 
Mi'chiinihiiii i>f Aelion 

PramiFJtM. NERVE AnaTOMY, Nerve fiber* are cku- 

vitWd husL'd tin ihrir »ire and myelination and have 

specilk ifl&pcifllcd funclHMts (Table 15,3 u A typicul 
peripheral nerve eonsisis of indiv iduuli nerve fibers, of 
axons, jrrxsuped together as fescicks within an outer 
sheath. Eikrh of these layers has an associated eemnee- 
iivc tissue covering: uxoa, enduneuritim; fascicle* per¬ 
ineurium; entire nervt, epineurium. 

Peripheral nerves may be myelinated or nonmydi- 
naledL Schwann cells form muhiple my el i it layers 
around each axon of myelinated nerves and only a sin 
glc membrane layer around nonmydinaled axonal 
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TABLE 15.3—Nerve fibers and their sweeptiftrflity to hlwk by local anesthetics 


Fiber type 

Fiber dimnelLT (|lm) 

Mvl’Ii iia.1n-ii 

TuiiliEi >:mi 

Sensitivity 

Ili hbxk 

Tyfw A 

AfcptlLL 

12-30 

1 teavy 

I'n.prHX.TpliLiii und aiwliir 

4- 

Bela 

5-12 

Heavy 

Touch and! pressure 

+* 


3-4 

Fkayy 

MumjIi: 

-H- 

Delta 

2-5 

Hem 

Piii and temperature 


Typf H 

<3 

Light 

l l tcL , ;tJi^l mimr uiiUxnunuL' 

++++ 

Tyre C 

Ptirsal mnl 

P.4-1.2 

Nunc 

Haiti 

+-Hr+ 

Syittfudwtic 

OU-IJ 

N CM 

IVisigangliciftie 

-H-r+ 


ShuiUe: MsmJlI il J fmitt Shilling arid Millc. 19S7 



Local Anpilht-sli-C 


Integral Prtsiain 


Pfl-fipimra! Pf&iein 


C*H»fiydra» fw Channel 

PtBhln 


"J - Lipid Biller 


FUC. IS.?—Ihwnag of a typical plikuibi ii'icmtoftiiie showing the lipid bi layer. Probable sites for local me-ufretic action are 
u!m> shown. (Emm Serfcluitz and UloJc IWL repnmed with peimsskifU 


fibers. Ln nonmyelinated nerves ion channels support¬ 
ing propagation of the action potential are distributed 
all along Ihe axon. This is in contrast ID myelinated 
nerves, where these ion channels are concentrated al 
the nodes of Raitvicr. which are periodic itltemipljons 
in tlw myelin sheath 

The Moral membrane structure is similar to that of 
other biologic membranes and consists of a phospho¬ 
lipid! hi layer containing both surface and embedded 
proteins, and carbohydrates (Fig. 15.3). 


Phvs&ologv of Nerve Gghduchok and anes¬ 
thetic Action, Local anesthetics inhibit the genera¬ 
tion and propagation (conduction) of nerve impu lses by 
blockage of vnltage-gjiled sodium channels in the nerve 
membrane. Nerve signals are conducted by action 
potentials., which are rapid changes in Ihe electrical 
gradients across the nerve membrane.. Each action 
potential begins with a sudden change frann ihe nomrtul 
resting negative puhHlLia.1 (of about -90 mV) to a posi¬ 
tive membrane potential and then eneb with a rapid 
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shift back again 10 Lhe negative potential. The action 
potential moves along the unmyelinated nerve liber 
(conduction of the impulse) until it reaches Lhe fiber's- 
end. In myelinated nerves Lhe impulse jumps from one 
node of Runnier Id Che nest (saltatory conduction). 
Kepolari/atiuu Rttts the nerve membrane potential fc> 

reating condnians until it is again depolarized, 

INzpolari/ation is due to the rapid inward passage of 
sodium icwis From the atncdlulir Co the intracellular 

space via sodium charnels in the membrane. Toward 
che end of die depolarization phase, sodium channels 
close and become inactivated. Ac die same lime j*m%- 

siu.ni channels stonily (compared to the sodium chan¬ 
nels) open and allow potassium to exit from the cell. 
The outward flow of potassium repnLn/cs the mem- 
brane coward the potassiwmn equilibrium potent in! 
(ahout -#J mV). The sodium channels are also 
returned! lo the resting slate. At completion of this 
action potential., Lhe transmcmbranc ionic equilibrium 
is reestablished hy the membrane Medium-potassium 
pump (Guyton and Hall 1TO6K 
Curncnl knowledge indicates that Lhe sodium km, 

channel in the nerve nKiiibi^iK (Fig. 13.3) h che siie of 

action for local anesthetics. The mnsc prominent 
hypothesis is chut lhe uneschccic enters lhe lipoprotein 
membrane and binds to a receptor site in lhe sodium 
channel to impede or present sodium ion movement. 
ScMlmm-generated currents are reduced because Lhe 
drug inhibits channel confcmnaEiLmu I changes, and thus, 
drug-bound clHAnefc fail iu open. TTii^ slow s che rate of 
depolarization of the meinbrainfc, preventing attainment 
of the membrane’s threshold potential. Thus, an action 

potential i> not propagated. To □ lesser extent nmvcmenL 
(trough the channel is prevented □Iso because of Lhe 
bound drug s phy siccjl blockade of the tofi-conduclmg 
pore. A sudium channel duit is inhibited by a local 
kinesthetic is functiufiully similar to an inactivated 
channel, [1 the sodium movement is blocked me r a crit¬ 
ical length of the nerve, propagation across the blocked 
area is m.H possible. The blockade of sudium channels 
by most local anesthetics is both voltage- and time* or 

freq .uency-dcpendenl. For example, a higher frequency 
of stimulation Land depolarization) and! more positive 
membrane potential (prolonged depolarization) facili¬ 
tate a greater degree of anesthetic block. Clinically 
important rates of ousel and duration of anesthetic 
block are related to the relatively stqw diffusion of an 
agent to sites of action rather than to its faster binding 
to irtrt dtaArfedv (BuIttfwOvth ^md Stirchartz M^K): 
Sirkluni and Bode 1 994 : Canerall and Mackie 1996]. 

Diffpailntial. Nf.rvf. Block. Local anesthetics arc 

capable of blocking all nerves: hence their action i> not 
limited to Lhe usually more desirable lou of sem.Mukm: 
motor Icsifs also occurs. Nerve fibers differ substantially 
in their susceptibility lo local anesthetic blockade due 
to si/e ami prepuce or absen®? of iriyel mal ion. in gen¬ 
eral the smaller fibers with higher firing rates and fess 
distance over which such fibers can passively propa¬ 


gate an impulse (type B and C Fibers) are blocked 
before larger (type A) fibers- Myelinated fibers are 
blocked before uninye limited Fibers of the same diame¬ 
ter Thus, autonomic fibers, small uniiiyel iualcd C 
fibers 1 mediating pain sensatkinsO* and Mull myeli¬ 
nated AS fiber# (.aJso mediating pain and other sensa¬ 
tion*) are blocked before larger myelinated A (y, fl, a; 

in order of case of block) fibers i Table 15-3 J. Preferen¬ 
tial blockade also results (ram Lhe slate-dependent 

mechanism of acehmi of local anesthetics noted abtwe 

fi.e„ many sensory fibers have a high firing rate jmd 

long action potential duration). 

Ail things considered and with an eye toward practi¬ 
cal application, a generali/ed (variation among individ¬ 
uals i\ large) summary of the disappearance of nervous 
function in response to local anesthetic blockade, in 
order of Fire* lo last, is as follows: pun, warmth, touch, 
deep pressure, and finally motor function. Such varia¬ 
tion in neural sensitivity io local anesthetics has thus 
made it passible to clinically block sensory transmis¬ 
sion in paLients without also causing motor paralysis. 

Anatomic considerations contribute exceptions to 
the vj/e- and myeilifluflion^lated Nnckadk' story. f : i>r 
example, in large peripheral nerve trunks, mnror nerves 
are more circumferentially' located and hence are 
exposed to the Local anesthetic agent first. Therefore, 
motor blockade in thi> circumstance might occur prior 
to actuary blockade, [t is also important to remember 
Lhat in general the mantle of the peripheral nerve trunk 
contains sensory innervation Co Hk proximal aspect of 

an extremity while the core contain* d-iatel sensory 

innervation, I teike anesthesia will develop pmx,irmdl!y 
prior lo disial areas becoming descnsiftiicd.. 

iWtity and CompUnrtiuafi. [.oval anesthetic agents 
are relatively free of harmful side effects when admin¬ 
istered at an appropriate dose. Most harmful or poten¬ 
tially harmful reactions occur after accidental intra¬ 
venous (IV) admin MnilMin. However. since vascular 
absorption occurs, reactions may also fallow regionaJ 
MJnrivkiMflKFOfi of large amount* of anesthetic, espe¬ 
cially in debilitated puiiem*. 

Side effects of local anesthetic agents, are local and 
systemic in origin iTable 15.4 | t Systemic Uixicily is 
due to elevated plasma concentration of local anes¬ 
thetic. most specifically the Free, or unbound, portion.. 
Hie most prominent and potentially damaging sys¬ 
temic effects iire those invohiiig lhe CN’S- and c-indio^ 
vascularsystem. Animal studies indicate that in general 
lower blood levels are required to cause CNS loxielty 
than lo cause cardiovascular reaclionv. However, 
adverse effects involving the eiiidiovascular system 

tend to he more life threatening and difficult to manage 

thin CNS effect!. 

Systemic Tusicm r 

CENTRAL NERVOUS SYSTEM. Low syslemic doses of 
Ilk ill anesthetic administered lo awake-, uuneriicBled 
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TABLE IBA —Side effects of local urathelltt 


Lxil tissue imLaLion idumage t 
Symcmic lowCvCy 
Central nerviAi* lyriu 
ftscitatitwi 

UqTCKvmn 

Cardiovascular ^ynem 

I [ypLflifrxkivi 

KypcK-usion 
Vsrslriuylar rhythm sax 

Conliov oscular eollapre 

(Mur 

Alknsy 

Me Cti= mu pkthin cm i a 

Addiction (personnel. coeaincl 


humans j re reported Io cause numbness of ibe tongue 
and oral cavity. Low systemic disre*. will also likely 

contribute to reduced anesthetic rvquiivahnh during 
general anesthesia (Dihzio et ;d, 1976: Huh ei aL 
1977, 1979; Doherty afld Rn&er iwa) 3 Ad plann 

concentration increases. local anesthetics produce a 
predictable pattern of CNS excitement and I ben 
depression that may be accompanied by apnea and 
card in vase alar coll apse.. Initially, humans report 
restlessness imd difficulty in focusing their eyes. As 
plasma levels increase further, slurred speech and 
skeletal muscle (witching (usually initially in the face 
and limbs! occur, which precede the onset of tunic- 
climic seizures. Still further increase^ in plasma levels 
result in CNS depression unconsciousness, and 
respiratory arrest (Scott 198b). 3f a sufficiently large 
dose or rapid injection of local aneslhelic is given, brief 
mild signs of CNS ncflHCkH followed rapidly by 
generaliicd depression occur. If oJIht CNS depressant 
drugs (ftj., b — fatt m Oa; ben/isdia^piiics. inhalation 
anesthetics) are administered in conjunction with She 
local anesthetic, a preceding excitatory pfoitre is usually 
not seen. CNS excilalion has lung been believed 1o be 
the result of a local anesthetic drug block of inhibitory 
pathways m the cerebral cortex (Wagman el al. 1967!. 

Plasma concentrations pn.xlucing the various phases 
of uverdure aie drug-related (and perhaps species- 
related L for example, in cats, procaine is least potent 
in Lerms of CNS effects (convulsions ui about ?5 
mg/kg), and bupivacuine is one of the most potent (con¬ 
vulsions beginning at about 5 mg/kg) (RuglfMffla 
1974K In itagx. i]m relative CNS toxicity of hupiva- 
eainc, ctidncaine, and bdocaine is 4.2A (Liu el al. 
I9K3J. There, is an inverse relationship between the 
arterial carbon dioxide partial pressure (and arferiaJ 
pH) and seizure thresholds of Local anesthetics. ITiis 
may relTeci increases in cerebral blood flow (whkh in 
Gum increases the amount of drug delivered to the 
brain) and/or decreases in plasma protein binding of 
local aftcxthcticx tFjipIcssori L974; Burney ct ul. I978SL 

CaRDIOVAM’UI.AR SYSTEAL Local anesthetics can 
produce direct effects on both the heart and peripheral 
vascular smooth muscle and indirect effort* v 141 influ- 
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ence on autonomic servou aciiviiy. Direct effects <n 

the heim may be both dectrophysioJogieal (decrease in 
the rate of dcpohrizaAffll and bradycardia and Other 
cunliac dysrijythnuat) and mechanical (decnw in 
myocarduJ contractility). Both effects on Lhe bean 
result in a decrease in cardiac (.miput. Evidence hkB- 
cubes that the mute ptsicnl the drug as a I* sea I anoLheiic, 

the greater the ability of the agent on decrease conljac- 
tility (Stewart ct al. 1963}- Bupivacaine and ctLdncaine: 
may prtHluce revere cardiac dysrhythmias, including 
ventricular Hbrillaliun (Tunz et al. 1984; Kotelko el al. 
(M4l Bruelle el aL 1996). 

The effect of local anesthetics on peripheral vascular 
smuc4h muscle may be hi phasic. In lour concentrations 
conslrielin-n mav occur. The more usual clinical 

r 

response, especially with increasing concentrations. is 
relaxation resulting in vasodilation. Both the vasodila¬ 
tion and decrease in cardiac output result in arterial 
hypotension. The pulmonary circulation may be espe¬ 
cially sensitive to the stimulatory effects of local anes¬ 
thetic*.. and botfl ester and amide agents can cause 
marked increase* in pulmonary artery resistance and 
hypertension (Emelian j and Berde 1994), When 
administered via the epidural or iitrethecal route, ear- 

diovareular collapse may he further exacerbated by 
sympathetic nervous system blockade ax the ageni 
spreads cranially. Sec also the review of Reiz. and Nath 
(!9Kfr) for additional, more in-depth information. 

Local Tissue Tqjoctty 

NEURAL TOXICITY. Local anesthetic* are rarely 
ncurxrtoxic at clinically admimsfered cimcentraLions. 
E IcKwvv^r, irrcversihle conduclaLPlb blockade In fesolaied 
nerves hux been produced with high conccnlralions of 
there agerHv (Strichortz and Berde l^^k Occtckml 
po^hinged sensory h ukJ issniclw ^ieficiis have also been 
jeponed following epidural or subarachnoid 
adminislrution of chlnruprocainc. Ibis is nnw believed 
to he related to the antioxidant sodium hi sulfite and not 
U the parent drug Ltscl f. 

SKELETAL MUSCLE TOXICITY. When properly used:, 
loco] anesthetics rarely produce localized tissue diim- 
age. However, there are reports that even at clinical 
doses fur local infiltration, there may be skeletal mus¬ 
cle damage (Btoon and Carlson 1980). Tlfcis effect is 
tp? ore corTVDDllty wen with the longer acting agcnli, 
and the effect is generally Jell to be reversible. In 
higher concentrations local anesthetics may be more 
generally hislctoxic (Benoit and Bolt l L >70, 1972: Carl¬ 
son I97fi; Hall-Craggs and Singh-Srycn L975; Libelius 

et aL 1970; Vtoeur et al. 1984). 

(■>THFR Eiwcrs 

M.ILTI IEMjQOLOtilNEMlA. M ethemoglobi nem i a has 
been reported as developing following exptisure to a 
number of local anevLbeLics l Lund and Cwik 1965; 
Paddlefonl ct ul. 198?: Ferraro et al. I9S8; Davis* il. 
1993),. mHt notably prilLK^ine, A dose-rcxptmsc 
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relationship cxi-sts between the amount of prilocaine 
administered ^md the incidence of methemo¬ 
globinemia. Breakdown, products Arum the metabolism 
of th£ local ajiic^thetLe are likely responsible (Hjclm 
and Holmdahl L%5i. In the case of prihKaine, 
oxji±ition of hemoglobin to methemogtobin is caused 

by u-mluiriiiK. a product of prfkxaiiK mtibolism, 

ALLERGEN Although allergic-type rcaetiiuis to the 
amide local anesthetics are rare, it is possible for the 
aminocsJcr local anesthetics such as procaine to CMUC 
hypersensitivity or anaphylactic responses- Most com¬ 
monly implicated is PAHA, a product. of ester metabo¬ 
lism. -Other potential causes of allergic reactions sue 
preservatives contained in local anesthetic toludoiiC 

Methylpanbeo is one such agent lhrai is reported to he 

chemically similar t» PA BA. 

.\LH HCT10N. Sine the use Of cocaine in clinical vet¬ 
erinary practice Is virtually nil, the issue of human 
abuse poicnliiil is D04 commonly dnuussed in icits 

focused on wteriimy medicine. Hown, abuse* of 

ibis drug both directly ti.e., by humans with access to 
the compound) and indirectly tc.ju administration to 
horses as a stimulant prior to a nice I art still possibili¬ 
ties worthy of this brief mention and of further thought 
and consideration hv Ihe reader. 


Dose of Anesthetic Agent. Uk of a pieuer vol¬ 
ume of uesdKtic or a muni ciMcealrated solution 
increases the number of agent molecules in ihe region 
of the nerve This fibrillUflei a more rapid anesthetic 

imvf'i and increases ihe prnhnhilily and duration of suc¬ 
cessful anesthesia. When injected in the epidural or 
| intrathecal space, increased volume of Ic^al anesthetic 
: solution will also influence the spread of iIml* agent. 

Carbonatjon and pH Adjustment, in the itobued 

picrve preparation, addition of bk-arhonalc to the local 
anesthetic solution results in a more rapid onset of 
nerve blockade at a reduced anesthetic concentration 
(Wong er al, IW.lJ, C’nntnoverHy cxi-sLs concerning ihe 
merits of Ibis practice under clinical conditions. The 
reasoning behind this practice is thul by increasing the 
pH of the uilulion. Lhe amount of drug rn the utfchaTged 
bLM form is increased, which should klCKtte the rale 
of aoatbetic dlffiuloo and modify the doH required 
and Lime of onset of action. 

USB OF HYALUnOMDASE. AddiLion of I his muadyrie 
Hoyne is though I to enhance the diffusion of local 
anesthetic mgenis to Lhe site of action [e.g. B peripheral 
aerveir However, ii may also enhance jyilmk absorp¬ 
tion tand so toxicity 1 and is currently not fell to he cnsi- 
dlcctiw. 


CLINICAL PHARMACOUKiV* Clinically impor¬ 
tant pusptmies of local aneMheiics include anesthetic 
potency. speed of onset of option, duration of anesthetic 
action (Table 15,1 ) a differential sensitivity 10 anes¬ 
thetic action. These properties me influenced by a num- 
Nf of other fuctoni, such as dose of drug, site of injec¬ 
tion. addition of vasoconstrictor to the injectuLe, and 
carhnnatinn and pH adjustment of Lhe lucal anesthetic 
(Stricharti and Bade 1W4). 


Aneslhetic Potency. Lipid solubility, or hydropho- 
bicily, seems to be a primary dctenninaiil of im Music 
anesthetic potency, l he smaller and mure lipophilic 
lhe molecule, the faster Ihe rate of interaction with 
lhe sodium channel receptor. However, the relation¬ 
ship is less dear clinically Lhan in Lhe studies of iso¬ 
lated nerve preparation*, The -relative potencks of 

agents as determiiwd in in vivo preparations are 
highly dependent raol only tin intrinsae fadors bui 
also on anatomic and physiologic fuctors (Saktmtz 
et al. 1^0). Water solubility frytkophilteiiy) is also 
iupHtut for diffusion lo the site of local anesthetic 

action. 




Onset nf Anesthetic Action. In isolated nerves Lhe 
onset of local anesthetic action is related to the agent * 
physicochemical properties. Ira the pattern, onset iff 
ad ion is alscp infhieneed by agent dose or concentra¬ 
tion. A larger tiumhcr of molecules of anesthetic in the 
region of ihe nerve facilitates more rapid action (and 
pro long alum of effect). 


Duration of Anesthetic Aetkn. The duration of anes¬ 
thetic action of load imdKtks varies (T>bk 15 J)l Ira 
vivo durulion of action is influenced not only by the 
anesthetic's intrinsic action on nerves hoi llu by its 
action on local Hood vessels, All agents except cocaine 
tend to have a biphase effect on vascular sinoalJi mus¬ 
cle At low oonccfltiiitiou local antithetic* tend to 

cause VSOCOI friction, whereas in clinical doses 
vasodilation is usually present. Cnnscqucnlly. the dura¬ 
tion of block may be shorter in vivo than that deter¬ 
mined in isolated nerve preporaLions. 

SITE OF I N JlOCTinhL Duration ol action is inversely 
relaled lo the absorption of the drug from the injection 
site. This is generally i.n^le|peiHjk r o[ ol the ugeni used. 
Hence the shortest duration of action is usually seen 
following intrathecal administration and the long.csl 
duration following the peripheral nerve blocks (e.g. B 
brachial plexus, sciatic j. 

USE tH- A VASOCONSTRIC rant AlLIilmiu or a vaso¬ 
constrictor lo the local anesthetic solution dfiffiMl 
local perfusion, delays Lhe rale of vascular absorption 
of local anesthetic, and therefore prolongs anesthetic 

action. Epinephrine (5 jig/mL « 1:100.000) is the 
agent must common ly added lo llw lucid anesthetic. 
OLhers. such as phenylephrine and norepinephrine, are 
also used but withouL substantial clinical advantage 
over epinephrine. A potential reasim for the occasional 
failure of clinical benefit from the addition of epineph¬ 
rine is related lo die low- pH of the epinephrine prcpa- 
rmkn° when added io the local anesthetic, the low i-H 
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has the potential m further reduce the free base avail¬ 
able far diffusion through <i»w» b thus dielaying the 
onset of she lx- ill amthetk: block. 

Influence of Varying Bajucjty* Although per¬ 
haps of less couiseqiwiiee in veterinary fluents due to 

their horimitiJ posture (four-legged Blanc#}, varying 
lihe harichy of local Iflstelx foiuiiof^ will influence 
the spread of ihe^c agents within tEe spinal cord, Hypo* 

baric BOhlliOfts with a specific gravity less (him 
that of cerebrospinal fluid ICSF]) will (end In migrate 
tii DQodep#ndenit areas, whereas hyperitarie soLuniofft 
(ij#., 1 Jkn: tt ith a specific gravity greater than that of 

C S-Fi will inigriiie flmrn die *he of injectnm el> depend* 
etfl area*. This is a frequently applied technique with 
human, patients hut rarely nr at least infrequently con¬ 
sidered in veterinary patients.. 

Mixtures of Local Anesthetics. The binds of 

mixing lucul anesthelies is to enhance onset and 
prolong the duration of neural blockade. White this 
may indeed work in some clinical situations, il is 
not universally effective. This Is likely due to dirug 
interactions that negate these potential ly bene tidal 
effects, For example, in isolated nerve studies, it has 

been suggested that when chloroprocaine (short 

on sec and durai ion) and bu pi vaccine (long onset and! 

duration) are mixed, metabolites of eh I wo procaine 

may inhibit the binding of bupivaeaine to receptor 
site*. At present there appears to be little clinically 
significant benefit to the use of mixtures of local 
■neslheljes. 

Pregnancy, Plasma choliiwsteriLsc activity is reduced 
with pupuicy and, thh will influence the duration of 
the esier local anestheties, The spread and depth of 

epidural or spinal focal anesthetic is also reported to be 

greater in pregnant patients. Mechanical factors (such 
as engorged epidural vasculature i causing a decrease in 
tile size of lire ifufial and epidunil spsice have been 
impliemsd, us have hormonal changes (higher proges¬ 
terone levels) issoeksted with pregnancy. It is therefore: 
advisable to reduce Ihedose of local anesthetics admin¬ 
istered via Lhis mute in these patients. 


USES OF LOCAL ANESTHETICS. Ixieal anesthet¬ 
ics are nuKi often Usd to produce regional anesthesia 
(Table 15.5). Some may also occasionally be used to 
provide analgesia. fuppLetxkenl noiom of IV and 
mhalalion aiKsthelicv. and prevent or treat cardiac: dys¬ 
rhythmias. Rarely, m agent such as lidocaiix may be 
administered in low dose to suppress grand trial 

and to prevent or treat increases in intracranial 
pressure. 

Regional anesthesia is a term loosely used to refer to 
a variety of application* of local anesthetics for \uvcs- 

thetic purposes. The term Irupttes thin a region of the 
body is affected m opposed to the entire body as with 

genera] anesthwt*, The region affected may be very 
limited or broad in scope. In tmnfi of organ i/dtiun, 

regional anesthesia includes the suhcafcqgorics listed 
below. 

Topical Anesthesia. .Surface,, or topical, ancsihesia 
results when the drug is applied to the skin or mucous 
membrane to cause loss of sensation by paralysing sen¬ 
sory nerve endings. Local anesthetics are widely used 
on the mucous membranes of She eye, nose, and mouth. 
Most are ineffectively used on unbroken skin, because 

coraifkd epidermis limits penetration. The recent 
introduction of u combination of lidocaiue and prilo- 
caine in a eutectic mixture ha* overcome this problem 
and is now commonly used to provide dermal analge¬ 
sia for venipuncture and catheterization (Gajrjj et al. 
IW4) P 

Local I n lil t ration. Infiliralion anesihoia is jH"i h;ips 
the most common method of regional anesthesia and 

conHsts of making numerous luhciiiaaeous (SC) injec¬ 
tions of smal l volumes of local anesthetic solution into 
the tissues, The drug diffuses into surrounding tissue 
from the »ite of injection iund anesthetizes nerve fibers 

and endings. Large amounts of relatively dilute solu¬ 
tion* are often infiltrated into operative sites. 

Peripheral Nerv e Bloch. Peripheral nerve block (can 
dueriou block) is. prodhjeed by injection of local anes¬ 
thetic in i he immediate vicinity of individual peripheral 
nerves or □ nerve plexus. Paravertebral nerve block* in 


TABLE IS.S—Ustsorbnl uaettrib 


Anesthetic 

Topical! 

anesthetic 

Local 

infiltration 

Peri pheral 
nerve block 

Intravenous 

Epidural 

block 

Subarachnoid 

block 

Procaine 

Mo 

Yes 

Yes 

No 

No 

Yes 

Chlnmprixaiue 

No 

Yes 

Yes 

No 

Yes 

No 

TWmmm 

Yes 

No 

No 

No 

No 

Yes 

Lidixuine 

Yes 

Yes 

Yes 

Yes 

Yes 

Yl-h 

Mcpivacainc 

Mo 

Yes 

Yes 

No 

Yes 

No 

Bupivaeaine 

No 

Yes 

Yes 

Yes 

Y#s 

Yes 

l-.lidiH.aine 

Mo 

Yes 


No 

Yes 

No 

PriLocaine 

No 

Yesi 

Yes 

Yes 

Yes 

No 

Ropiivacaine 

Mo 

Yes 

Yes 

No 

Yes 

Yes 


Source: Modified from Stacking I Ilf?. 
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cattle (Homey I9f>6> and horses (Motim and Suler 
I993k inierccHSial nerve Meeks, and the brachial plexus 
block are peripheral nerve blocks. Intrapleural anesthe¬ 
sia is an alicmuLive Bo multiple intercostal nerve Mucks 

and may be con^deted si regiofifill peripheral nerve 

block. 

Inlra-nrliiuliir Administration. Local anesthetics 
may he administered via the inirii-amcular route la 
lacilime diagnosis of lameness as is cofiiiTiHwIy done 
in the horse, The technique may also he used to desen- 
\itUjS the affected joint prior to and follow ing surgical 
intcrvenlicwi (e^, arthroscopy). 

Ini ravenous- Block. Intravenous Local or regional 
anecihcsia is aeciimplishcd by TV injection of large vol¬ 
umes of dilute local anesthetic into an extremity iso¬ 
lated from the rest of the circulation by a tourniquet. 
The apparent mechanism of aclioa is by diffusion of 
Local iinesLhelk across Mood tfcssds to Local nerves, 

Normal Ttervisys and nuiHck 1 luuction relinks quickly 
upon release of the tourniquet, which allows hlcHHJ 
How to dilute the regional local anesthetic eonccniru- 
Lion. The technique is frequently used for operations of 
the digit in cattle I Weaver 19*72; Bogan and Weaver 

1976 ; Skarda l% 7 k 

Epidlurul Block, Injecting local anesthetic solution 
into the epidural space generally ill Ik Iniribasocriil 
space (dog. pig i or first or second iniertxvcygeal space 
(horse, cow; sometimes referred so as caudal anesthe¬ 
sia) produces epidural or extradural uesthBU. The 

anesthetic ub upon ihe poslerior spinal nerves before 
they leave she vertebral column, The exleril of anes¬ 
thetic action is dependent on the spread of ihe drug and 
diffusion lo neural tissues from the site of injection. 

Spinal (!Mil»r»chniAI| Block* Spinal Mock, is pro¬ 
duced by injecting focal anesthetic into the stiharsidl* 
noid space, generally (in veteiinary patients. e.g., 

sheep, art) at the lumbosacral xpace. Because the ver- 
tehral level of termination of the spina] entd varies 
among andmaJ spedc%, ihis form tf anesthesia i s lech- 

nicallly more difficult than cpklurat injection. Readers- 
are referred lo Skarda I9K7 and vc Leri nary anothesm 
textbook* such as Thurmon ce al. 1996 for further 
information on these techniques in animals. 

LOCAL A 5i ESTHETIC! ACCENTS 

Amtnoeslor Local Anesthetics 

Cucaine HYDEUXTiljtJKEDE. Although it was the first 
local anesthetic to be used clinically, cocaine is no 
IdDgSf used in veterinary practice due to its highly 
addictive nature. h is classified as a Schedule II drug, 
and its use is highly regulated. Despite minimal or no 
clinical use in veterinary medicine, information about 
cocaine is of interest historically because of ils cimtin- 
ued common use in human patients. its abuse by 


humans, and Ms potential for illicit use ni performance 

tilimJL 

Cifcmrte Hydfocklorid*, USP (Fisg 0 15.2k is i while 

crystal line substance readily soluble i n water. I he alka- 
loidal form b sparingly soluble in wafer but freely sol¬ 
uble in organic solvents Al kaloidal eDCftilK is not used 

orally irf parenteral I y. Local anesthetics chemically 

related lo cocaine are extern of PA BA, with the alkyl 
amine introduced into ihe alkyl group. 

ADMINISTRATION. The primary 8 route of administra¬ 
tion is via direct application to mucous membranes, 
through which it penetrates rapidly. Because ii pene¬ 
trates ihe homy epidermis slowly, cocaine is not suffi¬ 
ciently effective when applied to the intact skin. 
Canine will anesthetize tissues into which ii is infil¬ 
trated. but it is no longer employed in this manner 
because of its high tissue toxicity. Although it has been 
suggested that cocaine is destroyed or hydrolyzed by 
gastric secretions following ingestion., evidence indi¬ 
cate^ that cocaine IS. nor inactivated and can be rapidly 
absorbed from the gastrointestinal tract (Van Dyke ct 
al. I97BJ. 

ACTION Sensory nerve endings are completely and 
reversibly paralyzed upon local contact wilh cocaine. 
For ll number of years this drug was looked upon as the 
most effecLi ve o-f the focal anesthetics for production of 
surface anesthesia. However, local anesthetics with 
comparable potency and no addicting potential are now 
more commonly employed clinically, 

Local vasocoostEriciiofi characteristically omm io l- 

lowing application of coc-ainc in tissue. Cocaine blocks 
uptake of catechol ami nes at adrenergic nenc end ings 
and is the only common focal anesthetic pcurtcssuig this 
action. Consequently, it sensitizes the sympathetic 
effector mechanism so that effector ceils give an exag¬ 
gerated response to cMecbolamiites. In addition to 
vasociofifilrtetor nctkm F the pupil of ihe eye is dilated 
following topical use of cocaine. Ophthalmologist 
have found i! useful for inducing mydriasis in eye 
examinations, as well a* few cftiKtirrenl local anesthesia 
of the eye, 

DURATION. Duration of local anesthesia from cocaine 
depends on concentration and site of application of the 
solution. Concentrations as low as 0,02% applied 
locally to susceptible tissue* will produce Fleeting 

aihrsdfresiui. IliyI ilt L'liciCLrntriitiiMis m;iy produce local 

aiteslhesia lasting as king as 0,5 hour. 

thrrapf.l.itic USF., Cocaine should be used only for 

topical anesthesia, Cocaine solutions in concentrations 
of 5-10% are used to anesthetize mucous membranes 
of the nose. loryiUt* and buccal cavity in large animals. 
In ^mailer specbes, corntmifiatiuds of 5% arc adequate. 

TOKicrrv, Acute toxicity from cocaine can occur clin¬ 
ically due Lo a drug overdose, rapid absorption, or 
improper administration- Adverse or toxic effect* from 


Copyrighted material 




JM t StrtifW .* f DRUG* ACTING W THF- CENTRAL NtRWUa SYSTEM 


SC uk i n the horse can occur at a doac as low ua GOO mg. 
However, excitation has been reported when only 180 mg 
cocaine was injected hypodermically. Severe toxic 
effects without natality occur in the horse following IV 
adminislratjon of cocaine- iu doses of 0-9.T-U3 mg/kg. 
A dense m low ax 120-180 mg (presumably injected by 
the IV mule) end be lethal in (In; horse. On a body 
weight basis (ta., rtigrttgK the horse is mure sensitive to 
cocaine than humims. The computed range of safely 
1hii1 should nut be ereceded, when cocaine is used on 
mucous membranes of Lhe hurse is 300-420 mg. 
Coed lie is cumul alive upon repeaDd injection: no lol- 
trance develops from its continued use.. The cocaine 
LO i4 * (bra variety of impedes is given in earlier editions 
ofdntnt 

The first toxic effect of cocaine is sti mu laciLMi of the 

CNS followed by violent convulsive seizures, [f suffi¬ 
cient cocaine is given, siimula-tion h followed by a 

jnciaud of depression that may terminaie in uncon¬ 
sciousness and deaih from respiratory paralysis. 
Cocaine also induces cardinroxicity that may he asso¬ 
ciated with sin overstimulation of the adrenergic sys¬ 
tem. Chronic poisoning or addiction to cocaine may 

occur in animals under unusual anditbw, hut addic¬ 
tion is generally Limited to humans. 

TREATMENT OP COCAINE TOXICITY. An antagonist to 
the cardiotoxic effect of cocaine has been experimen¬ 
tally achieved by use of Nitrendipine (INN'M RjypressL 
a calcium modulator and chemically □ dihydropyndine 
(TitrtirVt and Nahas 1986), lit docs not depress lhe 

myocardium suid has a coronary vModiliwr action. 

When simultaneously administered intra-arterially 

with cccaii«(2rti®fltg/miii) in rate, nltrendlpipwl 1.46 mg/ 
Hqg/mrin) suppresses the cardiac arrhythmia produced 
by cocaine. It also increase?, the survival time about 

4 rimes, and chc dk ise of cocaine required to produce 
deoth is increased mom than 4 times, it protects the 
heart from the acme morphologic lesions induced h-y 
cocaine administration and suppresses some of lhe 
CNS effects of cocaine (Trouve and Naha-- I y&td. 

Fleming et ill. (1990) have reviewed the pharmacol¬ 
ogy and therapeutic applications with regard to anes¬ 
thetic maiupiKflt. 

Procaine HYmcammsm, 

USP (Novocsinc), is a white crystalline powder that dis¬ 
solves in an equal weight of water. The chemical struc¬ 
ture is given in Fig. 15.1. It is relatively stable while 
exposed to air and aIso m aqueous solution A minor 

degree off deterioration in a solution of procaine is indi- 

euied by a yellowish iim. A distinct yellowing or a dark¬ 
ening of the solution indicates that ii should be discarded. 

Procaine wa synthesized after cocaine was discov¬ 
ered to ho habit forming and relatively toxic. Procaine 
is Mill a commonly used local anesthetic. although it is 
not very effective as a surface or topical, anesthetic. 

ACTION. The solution of procaine is mmirnlantl and 
promptly effective when injected subcutaneously. 


Anesthesia is relatively brief because the drug is 
ahsorhed rapidly and destroyed quickly hy plasma 
cholincx.lcrascs. Anesthesia with procaine is com mnnly 

prolonged by addition off a vasoconstrictor to the solu¬ 
tion to delay absorption from the site of injection. 

MEfTABOUSM AND EXOtrnoN. Procaine is hydrolyzed 
primarily in Mood plasma by rtonspcdfic pseudu- 
dtolinHleroscs. Hydrolysis of procaine is rapid. For 
example, following rapid IV injection of procaine 
(IIOOD liigta the plasma concentration of the drug 
decreases w ith a half-life of about 25 minutes (Tobin el 
aL 1976). 

Two productsof procaine degradation are PARA and 
diethylamiiwethanol. PARA exhibits no local unes- 
ilietirc action, hut diethylanunoeUianol has a part of the 
full anesthetic activity of procaine. PARA inhibits the 
action of sulfonamide antibiotics and interferes with 

the chemical determination of sulfonamide concentra¬ 
tion in biological fluids. As mentioned previously, 
allergic reactions to ester local anesthetic agents are 
alirihuied to Ibis metabolite. 

The kidney excretes procaine and PAR A. The pK of 

procaine, a weak organic base, is 8 f 9 (Table 1 11), The 

noninniMd form off procaine passes more readily 
through cell membranes than the ionized form. Conse¬ 
quently, an important factor in excretion of procaine is 
Lhe urinary pH (Evans and Lambert 1974). In the 
horse, e.g., urinary pH may fluctuate diurnally from 
Lhe alkaline to the acid side; Lhe pH may also fluctuate 
depending upon whether the animal is at rest or exer¬ 
cising, A single dos< of Ml mg procaine administered 
intramuscularly in the horse requires m elimination 
time of 27.5 hours after injection (Evans and Lambert 
!974). Acidification of urine wilh ammonium chloride 
hastens excretion of ionized procaine; e.g., A00 mg, or 
10 limes the above dnadministered intramuscularly 
as a single dose requires only 10 hours for complete 
elimination. 


TOXICITY, "file greatest difference between lhe tox iti¬ 
tles of procaine and a potent local anesthetic &uch as 
cocaine as. rate of meliibnlism. Cocaine is slowly 


metabolized, whereas procaine is rapidly detoxified. 
An LD 0| of procaine is detoxified io the cal within 20 

minutes, whereas an LD yi of cocaine is metabolized in 
60 minutes. Table 15.6 gives average LD^data for pro¬ 
caine in four species of animals. 


CLINICAL USES. Procaine is used in veterinary medi¬ 
cine for infiltration and nerve block (Table 15.5). For 
infiltration in small animals, a coneentraiina of I % is 
generally employed, whereas in larger animals, 2% is 
preferable. About 2-5 ml. of a 2% solution are used 
for nerve block (eonduction) anesthesia in small ani* 
n u Is. In large animafe, 5-10 nil. of a 4% solution are 
most commonly used. Epinephrine solution may be 
added to give a concentration of I: ICDjUOIJ. L.e., I mL 

epinephrine solution- (1:1000) to each 99 mL anes¬ 
thetic solution. PlOCaine is rarely used for surface 
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TABLE. 15+6—AveraftE LD S of pn.itainc (g/kg) 


Species 

R™te 

sc 

IV 

Guinea pig 

0.43 

0.05 

Rahbii 

0.4ft 

aoss 

Cat 

0.45 

0.tM5 

Dog 

■0.25 

— 


Souftfi: Ciraufaud. nrli Petmcfi 19S0L 


anesthesia because It is not very effective via this 
route of admit ■jftffllifflL 

The ho™ seems to be more sensitive in CNS stimu- 
Laiim by pnnine than other species of domslic ani¬ 
mals. Rapid IV ifijcctiM of 1000 mg in Though bred 
mares elicited variable signs of CN5 exdiatkm for as 
Long as 4 minutes in a study by Tobin ec si- (1976), 
Considerably larger cksses are necessary in produce 
central stimulation in the craw, whereas the response by 
the pig is intermediate between that of the house and 
cow, Because of m CN*S stimulant and analgesic 
actions, procaine has been used illegally m racing mni- 
auk to attempt to improve their performance andfor in 
nvusk hiibteik;^ in track and racing events. 

Procaine is sometimes combined with other drugs 
bceau.se in doing so a less soluble drug is produced* 
prolonging drug action. A coriibiiialion of procaine 
with penicillin G results in an antibiotic that k 
absorbed very slowly and prolongs delectable (thera¬ 
peutic) eoncentratLons m plasma and urine.. When using 
large doses of pfiKiunc-penielllin O. I he side effects of 
procaine (see above) should be considered. This alMJ 
has implications during drug testing lor potential abuse 
in racing and performance animals. 


CmLUKOI’KOCA tNE HYDROCHLORIDE, Chfomprn- 
i dvmc tiydmi hhmdc. USP (Ne&acairoe) k characterized 
by u rapid ousel and short duration of action, le has a 
low potency hul may he used in higher concentrations 
(3%) due to its low systemic tox icily. This compound* 
which has the addition of u chlonne atom to I he ben¬ 


zene nng of procaine, is hydrolyzed 3 limes move rap¬ 
idly than procaine. It is hydrolyzed by plasma 
cholinesterase to 2-ehtornaminobenznic acid aml 2- 

dieth yl ami m.K:thanol. 

Chlompnexiame may be used fur infiltration and IV 

atiC!iSKlx:>ia. bUL it* liiaiii u is via llK epidural nwlc flit 

obstetrical anesthesia. Thrombophlebitis following IV 
administration is reported and likely related to concen¬ 
tration of drug administered. Wkfiu concent rations of 
less lhaji (}.5 d * qf preservative-tree 2-chluroppjcame 
are used, this effect is negated, Prolonged neural 
deficits following its use have been reported* which are 
dow believed to be caused by the preservative sodium 
bisulfite and not die parent drug itself. 


Teltracaixp HYQfiKWWtt. Teimcaine Hydro- 
ctrhhde. USP (PonEoCaiiieh is a potent ester local 


ifittChetk (Fig, 15.1 Table 15.1). It is used in pmvide 
topical anesthesia of the eye, nose, and thmat and for 
spinal anesthesia when bod) sensory and motor block¬ 
ade iire desired, lis rapid absorption from mucosa to 
which it is applied increases the potential for systemic 
toxicity in light of its slower metabolism itfttii that of 
procaine) by plasma cholinesterase. Both a pilch appli¬ 
cation system and a gel preparaUi.ui haw been evalu¬ 
ated for percutaneous analgesia with favorable res nils 
(McCatTerty and Wuolfson 1993)* 


BEHZOCAJNB. AfflZDCdAiWp USP (AmcricaincJ. previ¬ 
ously referred to as ethyl uuiliobenzoate, is structurally 
similar to procaine except that it lacks a icrminat 
diethyl amino group. Et is available as a dusting powder 
or in oil as ail ointment for surface application. It has 
been used tu varying degrees in dentistry to provide 
anesthesia of (be pan and buccal mucosa.. Cutaneous 



to remain localized in wounds to provide long-term 
Analgesia. Bernzocaine is also a component las is tetra¬ 
caine) in a topical local anesthetic mixture known as 
cetacainc, which is commonly used as a spray to anes¬ 
thetize the larynx prior to intubation. 

In fisll. beREOcaine (50 mg/L) induces sedation 
within 30 seconds after immersion lOswald I9T|). 
Thi s pcrmiis weighing of Ihe fish and injection of the 
calculated anesthetic doses of Other aihrsLhctic drugs. 

Bcnzocajibc is relatively nmiimLaliiig lo tissues, and 
following absorption il is metabolized to TAB A and 
acetyl PA BA. It has been reported lo cause methemo¬ 
globinemia in some species £e.g** sheep), which maty 
limit its widespread use in clinical practice. 


PRCIPARAC AtNE H YDRDCHLQRI Dfc, tmpanacainr 
Hydfoch fr m*jV/ i *, USP (Alcaine, Alt-Tune, Ophthetk")^ is 
an ester-type tocal anesthetic about equal m potency to 

te Ermine* It is chemically distinct from p rociw and 
exhibits little enw-sensiEreily. Unlike some topical anes¬ 
thetics, it produces little or no tissue irritation (Riichic 

and Greene 1990), Because proparacaMie induces little 
discomfort it pun instil lation into the human eye. il is 
widely used as an ophthalmic anesthetic. 



j ii'hlhi illL Lmal Ani^Lhvtic^ 


LxDQCAIME H VDRCXllL.QR.IDEi. UdtMJame Hsrfrm hlo- 
rirfe, USP (Xylocunc. Lidocaine IICL) (a-dielhy- 

himinoaceto-Z.b-sylidide), is a white or slightly yellow 
p^lw , de^ with a characteristic odor rf'ig. 15. Ik II k rela¬ 
tively stable but nearly insoluble in Water LJdOHUlte is 
available as a sterile aLjue^^us soluiion from 0.5 to 5% 
with or without epinephrine and in a gel preparation 
from 2 to 5%. 

Lidbcui me is one of the most versatile and one of the 
most (if ricH the mosL) widely uied of ihe loc«J mites* 
ihetics in veterinary medicine. Il is ail amide Type lovid 

mlbelk and therefore m *§ent of choice for ure 

with individual sensitive to the ester-type agenls (e.g, B 
pmcaine)* 
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metabolism ajmd fate. Lidocaine is relatively 
quickly aborted from the gaslr-ninlcsiina] tract and 
foltowihi inject km (Boyes el al. 1971: Keenaghan. and 
Rapes 1972). The rale of systemic uhscupiion fnl low¬ 
ing parenteral administration is. slowed and chc* dura* 
tcun of act ion is prolonged when lidocaine is used w ith 
a ViLMKTirlsIriLlor. 

LktaaiK is oictulxjlized in the liver by mmd-functioii 
oxidases at a rale nearly as rapid as chat for procaine. The 
undfeiiiged form is excreted in urine of the dbg in a oon- 
Lnencmdii.Hii of 10-20%. Two metabolites have been identi¬ 
fied in the dog from he pane Mdcctfiylatiiai of ILdocaLnc 
(Vvlfcte ec al, 1983), One of these.. nMnueHiylglyt inesyli- 
didc, tm significant phafmaudbgk acfkily-. after a sec¬ 
ond iV-dealkyLaiimL glycine &y I idide <4-hydnn.y-2j6- 

dimethylunillnej is formed. Roth compound may Iv 
further hydroxylaled to 4-hydknsiy-Zjfi-iy 1 ktioe-, which is 

the major metfiboUte excreted in the urine. 

Following jdmimslralion of lidocaine 1 1(1 nigAg) in 
pregnant guinea pies, n rapidly crosses the placenta 
(Fluster rt al. 1972). High coneencraiioisis are found in 
ihe fetal liver, heart, and hrain. The Hi. vet of the Feta I 
guinea pig; is the only organ in which lidocailte is found 
in higher concaitrathin than in the maternal subject 

I Ik 1 kinetics and oral absorption rale of lidocaine 
have been determined in ihe dog (Buyes ei al. 1971)): 
78% of the admin i>lcred docc reaches the general cir- 
cularttofl. Emesis occurs regularly al 2.5 hours after 

administration. 

The pharm^aikiiteiics of lidwdne in human** is 
given in Table 15.2- Pharr I netK data have also 
been reported for the dng idler the IV and IM admin is * 
Lrii liion of single doses (6 mg/kg I of lidocaine 
hydrochloride (Wilcfce cil al. 1983). The mean elimina¬ 
tion rale constant and mean specific clearance for IV 
liducatne in the dog are O.TKfVhr and 2.4 L ft[ fa r 
respectively, Alter IM administration, the mean absorp¬ 
tion rale constant is 7.74/hr. Absorption is essentially 
complete (91,9%) after an IM injection of lidocaJnc 

(Wilcte ei ftl. 1983). 

In the ting, administration of m IV kHdlog dose of 
<1.8 nigrtcg/min over It) minutes. followed by an infusion 
of 0.085 mg/kg/min over 3 hours, provides a sieady-stsl* 

plasma concentration of 33-5.5 pg/itiL (CfeRLck el al. 
198 ! J. In si siimilaiiofi of Lin IM dose schedule for hdo- 
caine {6 mg/kg every 1,5 hours) in the dog. an average 
serum concentration of I 48pg/mL i&eqxccet which is 
near the therapeutic range (WRcfce trt al. 1983V 

CLtNHZAL im Lidneaine is used for all forms of 
local anestheria (Table 15.5). In addition to its use ha a 
local anesthetic, it is used intravenously as an amiar- 
rhyilfimic agent and also as a supple me nt to general 
anesthesia (Philips et al, I960). Il decreases the 
requirement for inhalation and injecuble anesthetics 
(ENFa/.in el at, 1976: Himes ei al. 1977. 1979; KJs&in 
and .McGee 1982: Doherty and Frazier 1998). 

PRILOCAIHE HydrochlOiude. Prilocaim Hydm- 

chiofide, USP tCitanesii, is a local anesthetic of the 


amide type (Fig . 35.2 ) whose pharmijeological proper- 
lies resemble those of lidixrainc (Table 15-1), However, 
il causes significantly less vasodilation and hence may 
be used wilhoui ihe addition of epinephrine Id prolong 
the duration of effect. It is also reported to be the kpt 
toxic of the amide local anesthetics and so best sidled 
for IV anesthesia. Methemoglobinemia is a side effect 
of ovcnfoM and accounts for its declining use, espe¬ 
cially for human patients. 


Eutectic Mixture or Lidocaine and Prii.o 

C AINE (KM I .A Jr A eutectic mixture of local anesthet¬ 
ics (EMI .A) consisting of a 1:1 mixture of hdJKainc 
and prikicsiine is available commercially for transcuta¬ 
neous application. It has been shewn dial when ihe 
ha-e forms of these Vwp enmpounds are mixed, an oil is 
liMniLil in leiiipciuiiiTes over Is f lik^dm el al. 1984). 
This, eutectic mixture its- commercially available in a 
preparation Containing arlacton as an emulsifier and 
Curhapul a^ a thickening agent. Each gram (nil.) con¬ 
tains 25 mg of hdocaiitc and 25 mg of prilocaine. The 
reported bknvBilalnJiiy is 3% For lidoeaane ami $% for 
pfilocalnc l Klein d al. 1994k This may, however vary 
with the site -of application and £kan pigiiHmUii^n and 

CGoditkw, 


EMLA has been evaluated m a pemilBaeous anal¬ 
gesic prior to ^ipuncture in dogs, cals, rabbits, and 
rain. (Fleeknell Ci al, 1990). Its efficacy following a 60- 
m innte application was good ill] dogs* cats, and rabbi Is 
hut quesuonable in vlady rais. In liurnsiii adufltlk the effi¬ 
cacy is improved following a 90-1 20 minute yppliea- 
Lion. Hence, in people the general rKOnmnd^ion is 
to apply ilht! evtHilKkifi to the cutaneous 1 issue using an 
OcclasisL- dressing few a minimum of 60-9TJ minutes, 
prior CO application of a noxious stimulus (Bjoiing and 
Arendt-Nielseii 1990; Buckley and Uenfteld 1993). 
Analge5.be benefits have been shown for at lease 3D min¬ 
utes following removal of th^ emul'siun in human 
patient*. 

The toxicity nf EMI-A is related primarily to die 

metabolism of priloeaine Id ^-inluidinc, which cm 
result in melhemoglobinemda. as niemioned previously. 
Ec is- ntM recommended for use in human neonates due 
to ihe immature methenioglohin reductase enzyme, In 
ft- to 12-mnnih-old human infants, a maximum dose of 
2 grams is suggested (Engberg et al. 1987: Buckley and 
Henficld 199.1), Blimehing or hyperenui may be 

iKiticed in the urea of application Following removal of 
the. 1 occlusive handage and is likely due io the relative 
vasoaciivity of the two compounds. 


MEP1WAJNE HtYDRDCHjDllflDB. Uepimm Hydmtiikh 
rj'dfe, liSP (Carboeainei. is a local anesthetic of the 
amide type (Fig. 15.2). Its pharmacological properties 
are similar to those of ILdoeaLne. Although actual 
potency figures vary, it is ahnul equal lor slightly less) 
in local anesthetic potency io lidocaine t Table 15.1). It 

has a slightly longer duration of action, likely due to 
less intiinAjc vasodilator activity than lidwainc. While 
its use lh elimciil practice is similar to then of lidocaine 
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( fable 35.5k mcpiVMiiK is ittt recommended far 
gfastdricAl ancsliucsia, because its actions an: markedly 
pmkiaiged in the fetus. In the Urdu It, Che Uttkily of 
mepivaeadme is about 1.5-2 times that of procaine but 
slightly less then (hot of lidooune, 

BwWiUNE HYISSKIIUKJrX:. BuptVtMX^ne HyditkMf- 
ride, USP (Sensofciunc, Mitnrainej, is 4in amide-type 
local iUK^theliie chemically relaLed to mepmicaine 

(Fig. 15.2). Bupi^iicainc b ;i fang-ucting focal ao& 
ihetk. It is iibouc 4 limes more ptflciU dufl liducaine 
(Table 15.1} in id hus a duration of action that ranges 
from i to 15 hours. Il ts used most commonly tor 
regional and epidural nerve blocks and was die first 
local anesthetic ugenl to show significant separation «rf 

sensory and motor blockade, making it the drag of 
choice for obMetriad anesthesia. Central nervous sys¬ 
tem and cardiac toxicity result from lower doses and 
Wood, levels than those reported for lidncaiiw. 

EtIDOCAINE HVMOTHLOUDE. Etktoaxin* Hkftm- 

chfrjride r USP i Duranesl), is >i long-acting derivative of 
lidouunc (amkk type. Fig. 15.2}. It is about equal in 
potency and toxicity to bupivaraime. Unlike bupiva- 
caine. however. clitkrcujne shows little separation 

between sensory arid motor blockade and hence, while 
valuable during surgical anesthesia, is less useful for 

obstetrics and pmlopcraKivc: pain management. 

RtFlYALAJNJ-: HrSMttMULtffilDl-. Kophmmne Hydm- 
chlforide, USP (Naiupin) {l-propyl-2 1p 6 p -pipecnlnKyLidide 
hydrochloride monohydrate} is a new long-acting 
arninuiiiniidi" fucaJ anesthetic chat is struct u rally related to 

rnepi vacate and bupivaciiirie <Flg. 15.2). RopivadiK 
differs horn mepiiv&saine ant) btfhicaiK in dial u is aia 
Y-iwimer, wheneas the latter agents are racemic mixtures 

(previous studies of isomer of load m e rifa e ti re sag- 
gestai that the systemic toxicity of the £-isomer of viii- 
cmcs impounds may be km than dm of racemic prvpu- 
riUHins), The jAysicochemical properties of ropivacaiiK 

are sbnilar to those of bupcvaeaiDe with the exception of 
iCs lipid Miluhility (Supifflfecaide is suhstinluily less lipid 
wJuble) < Rosenberg art! Heibonen 1983: Rosenberg ct 
al. I9U)> Its pharmacokinetic profile following IV 

admmistralion is given in Table 15.2 (Arthur et a! I9B8), 
At low concenLraLicvn.s mpiviicaine has intrinsic v±wKtm- 
striding properties, whereas higher oouxittalions result 

in vamtilation. 

Ropivacaine is used in a manner similar to bppivA- 

caine (Table 15.5). Reports indicace that the nour 
block following epidural udiniibistraciLKii is less dense 
and of a shorter duration than for bupivactdiie. This, 
along with rnpivacai nc“s reduced cardLoMfck- potential 
when compared to foopivacaine (Feldman cl al I9H9; 
Ret/, et al. lyji^), oilers, advantages for clinical! use 
when differential blockade is desired. Ropivacaine also 
reportedly caused fewer CNS symptoms in human vol¬ 
unteers and was at, least 25% less toxic than bupiva- 
caine with regard to the dose tolerated (Seen et aL 
t9t$9h Sec McClure 1946 for a recent review. 
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ANTICONVULSANTS 

PulhoptiYsiokigv of Seizure*. The normal retting 
membrane potential (RMP) irf the neuronal lx 11 is -7t> 
mV. The electrioJ difference across Ihc cell membnne 
is maintained by a I adenosine EriphLft.- 

phulase) pump. Depolarization and the genHLTation i>1 an 

action pucentlal occur when the RMP be com e s suffi¬ 
ciently positive to reach threshold, As in Other cells* iht 
RMP of a neural is determined bv the concentration of 
negative and positive inns across the membrane. The 
concentration reflects mul flux and- thus permeflbil jty of 
the cell OKribrcoe to the km, Finns resulting in an 

inert use in positive inns inside the tell relative to the 

outside hypopolariic the RMP, bringing Jl closer to 
threshold and subsequent depolarization. The tendency 
of a neuron to depolarize reflects, in part, the sum Iota1 
effect of netirrriiansniitiers (NTs) interacting with the 
cell membrane. inhibitory NTs such m "p-ami liufcutyric 
arid (GABA) render Ihe RMP more negative and less 
suiceptihfc to depuLarizatiOdi. Excitatory NTs such as 
acetylcholine and glutamate elevate like RMP to a mm 
pissii I 1 , e MatUh and ihus make ii more susceptible to 
reaching the threshold necessary for depolarization. 
Inappropriate depolarization may reflect a number of 
abnormalities, such as alteration of the Na*.K + pump. 


permeability changes in ihe cell membrane (induced, 
e.g_, by hypoxia, inflammation, or trauma), al tered con¬ 
centrations of exciLalory (increased!' or inhibitory 
(decreased) neurons, or altered cellu lar metabolism, 
Seizures are the clinical results of rapid, excessive 
neuronal discharge in ihe bruin, Seizures are classified 
m primary (iA, genetic) or secondary (acquired) and as 

generalized or local. Generalized seizure* arc much 
more common in small animals; ihc incidence is 


greater in dogs than in cai*. With seizure onsci: of a 
generalized character, convulsive elcetrocncepbalo- 
graphie activity begins, timuliancously in all brain 
regions (Finn go Id 1985). Many seizures in epileptic 
subjects have been uLtnbutcd to a cortical origin. How- 

ever, there is. increasing evidence dim the brain stem 
cun exhibit self-sustained seizure discharge, and this 
area of the brain may serve an important role in ihc 

generation and expression of generalized tonic convul¬ 
sions l Browning 19B5). Within the brain stem, the pon¬ 
tine reticular FornnaCDon is believed to play a key role in 
Ihe general if hi and/or expresAbon of conic convulskwis. 

Studies indkale that the ability to depress reticular core 
activity is an cssenrlM dwKterlift of aniicpilcpLic 
drugs. which suggests that ihc reticular formation as 

involved in the spread and generalization of clinical 
seizures (Fromm I9S5 L 

In ihe dog, the mm common form of epilepsy is 

loniccknk, or grand mal. seizures (Cun¬ 
ningham 1984; Schwartz- Porsche cl al, 1985). 
Epilcpay and other seizure disorders of ihc central 



nervous system fCNSj in the dog may be caused by an 
acquired organic lesion such as brain tumor, head 
trauma, toxico*ii P electrolyte imbalance, hypo¬ 
glycemia, renal failure, nr hepatic disease {acquired, or 
secondary, epilepsy); or may be genetic or inherited 

(“tnw, H kUofHHthtt, of primary epilepsy). An autosomal 

gene associated with a sex-linked suppressor On die X 
dKonuKHK may explain the higher incidence of 
seizures Ln male dogs. 

refers to failure of the patient to 
recover to a normal alert State between repealed tanic- 
C Ionic ailacks nr episodes that last at least 50 minutes 
(fielgadivEseueia cl al. 1932)- Convulsive, or tonic- 
clonic, status cpilepticus is a medical emergency in 

which convulsive seizures must be termi noted by treat¬ 
ment with anckonvnliwt agents. In humans, 
seizures must not he allowed to persist more than 60 
minutes if severe and permanent neurologic injury or 
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death is to he avoided (DdgadoEseiicta d ik 19H2K 

The longer an epileptic seizure persists, 1 he greater the 

incidence of mortal ily and morbidity. Hyperthermia 
due io continuous. muscle ranireclkm may become life 
threatening during continued seizure activity. 

Biochemical Aspects of Epilepsy Until the underly¬ 
ing biochemical mechanisms leading to genesis of 
epileptic seizures are bctier ujndcratWKl, all therapy 
administered for control of seizures will continue to be 
directed toward Lreaiment of symptoms- Although 
experimental I y induced CHS seizures IliW (maided 

valuable informaiion regarding some of the biochemi¬ 
cal events preceding and following a seizure, ihe -que*- 
lion always remains w hether the induced seizure simu¬ 
lates those observed in the clinical setting. 

Iri humans, uoino acid analysis of plasma in subjects 
with epilepsy indicates much, higher concentrations of 
taurine (2-aminnethanesulfonie acid) and glutamic acid 
than in normal subjects (van Gcldcr cl al 1975). Also, 
the glutamic acid in urine is elevated in subjects that 
are known epileptics. Oral administration of taurine 
does not appreciably iffiKI vuncenlraUuns of ammo 
acids with the exception of glutamic add. In human 

patiencs w iill an abnormal plasma roncmraikm uf glu¬ 
tamic acid, administration of taurine lowers the glu¬ 
tamic acid in the normal direction along w iih u lLtuji in 
urinary excretion (van G elder ci al. 1975). Conse¬ 
quently, Laifrine administration appears to partial ly 
reverse these btochenkil abnormalities, According to 
van Geldcr and associates, there is little doubt dun, in 
both the CNS and the periphery, taurine serves a major 
physiologic and biochemical fundi on by regulating 
glutamic acid levels in the tissue. Moreover, Ihe central 

role of glutamic aeid in I lie metabolism of the cell 
(energy, protein synthesis, pH regulation,. Caf 4 reten¬ 
tion) may explain why correcting its ctfineefitratkm w iih 
taunne has a beneficial effect on esperi mentally 
induced epilepsy. 

Taurine is important in the maintenance of osmotic 
equilibrium across cdl membranes tThurston et al. 

19S1), In chronically hypeftnuremk- animals, brain 
amino acids are significantly increased The greatest 
increases in the brain are in GABA, glycine, glutamate, 
and taurine. Physiologically, GABA and glycine have 
well-known NT inhibitory roles in reduction of CNS 
excitability. lix tensive research is needed to determine 
if iHher biochemical factors besides taurine are 

involved m miidiiihiiion -ind/nr nGYCPui! nf ihe epalepci- 

form seizure. The efficacy and safety of employing tau¬ 
rine in (reutmenl and control of seizures remain to he 
es-lahlished. 

Genmil Mechanisms of Anllconvulvani Action. 

Seizures can be initialed by tour general mechanisms 
conducive to phaimseokigie irumipulaEnMi: (h aliened 
neuronal membrane Function, which can lead to exces¬ 
sive depolanzalion; (2) decreased inhibitory NTt, such 
a_s GABA, the matt potent inhibitory NT in the CNSl 
(3) increased excitatory N Ts. such as glutamate; ami 


(4) altered extracellular potassium and calcium con- 
eentralion. An increase in extracellular potassium and a 

decrease in calcium, w hich occur during a seizure, 
increase neuronal excitability and facilitate ihe initia¬ 
tion and spread of the seizure. Once initiated, the 
seizure discharge may synchronize: with other neurons 
and propagate lo surrounding areas in the brain. Anti¬ 
convulsants block seizure initiation and propagation by 
blocking abnormal events, in a single neuron or the syn¬ 
chronization of related neurons. Drugs acting at more 
than one point (e.g.., phencsbarhitah lend lo be most 
effitttivt. Drugs active at the Ci AHA receptor u\w lend 
to be particularly efficacious. The GABA receptor 
interacts with several other drugs as well us with 
GABA. Response to anticonvulsant drugs may vary 
w ith the origin of the seizure. For example, using ksn- 
dlinp-mduccd seizures in cats, Sumi ftW.1) demon¬ 
strated differences in response of temporal lohe 
epilepsy to phenobarhital, depending upon whether the 
seizure originated from the hippocampus or amyg¬ 
daloid tissues. 

General riisumikieokinelic Considerations of Anlii- 
eonvulsant Drugs, Epilepsy is controlled, not cured; 
control of can ine epilepsy is possible only in 60-70^ 

of the eases (Parker 1982), Generally, treatment must 
he administered for the life of the animal (Frey 1946). 
The most common anticonvulsant drugs used an veteri¬ 
nary medicine are phenoharhilaJ, primidone, diazepam, 
and potassium bromide. The disposition of each of the 
unheunvutsanl drugs may impact the efficacy of the 
drug, 

Absorption determines time to pcaJt effort as well as 
iiiagnLlude of effect. Most anticonvulsants are given 
either orally or intravenously (JV). General staleineuts 

regarding absorption are limited to the oral route. Most 
of rhe andtonvulsirus are well absorbed folkmiAg oral 
administratis. An eseeption is phenytuin. which is so 

variable that biftiivsnlubility can he as little as 40%, 
varying dramatically among products. PtoenoharbiiaJ is 
characterized hy almost 100% bicKnrai Babi I ily, although 
food will slow Lhe rale of absorption of phenntwirhual 
and probably other anticonvulsants. Peak plasma drug 
eciiicentri.ilions of anlicoitvuisunls may occur as Jute as 
4 6 hours after administration. Thus, when monitoring 
drug eonccvvtratk'in^, peak samples should nut be col¬ 
lected until 4-5 hour* after admip> > -1 ■ ation, Fasting prior 
to sample collection ii preferred. 

Most inUGOfFviiltftani drugs are lipid soluble ;n*il um 
distributed Eo a volume lhal exceeds total h*.xly water 

6-e n greater than fk.fi. l Ag). DiMribulkm into the CNS 
is important for all anticonvulsant drugs; at steady 
SCnle. 4(11 anCieonvuUiuil drugs sullitrienlly distribute 

into the CNS, The race of CMS distribution following 
IV administration is of e&noerri in a piiiient with slaiuv 
epUepLk'us. The drug must be sufficiently lipid soluble 
W he rapidly distributed into the CNS in therapeutic 
Concentration. Diazepam is- the most lipid soluble anti- 
OOnvulsaurt and very rapidly distributes in the CNS. 
PhenobarMlal is less lipid soluble, and therapeutic 
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effects- may take as lung an ]5 mmuLcs In he achieved. 
Binding tu scrum protein* limits [he amount of free 
drug artd thus the rate and amount of drug distribution 
inln (he CNS. DLaeepqm is greater than 90% prutem 
bouibdi however, its lipid solubility is so great that dis- 
tributicm mt« the CNS id sufficiently rapid in patienlv in 
status cptk^tieuh, Phenytoin is also highly pmtein 
bound bill is less lipid soluble: Lhus, it dues noL distrib¬ 
ute rapidly iuiLi the CNS. Ptwswbarhital m less chan 
Sflfr protein bound 

Because (bey are lipid soluble, merit amjeLUnvulsaiiEh 
must be eliminated by hepatic metabolism. Metabolism 
of anliamvulsant drugs etui have b profound effect on 
therapeutic success, lhfi effect in port depends- upon 
tte cflledi > •' plta-se B metabolism on I he particular drug 
(i.e_, inactivation, fldMn, or genera [kin of toxic 
compounds^ [n general B isicwt anticonvulsants arc 

slowly fMtibJltfll Art exceptimt i* dlnepHL which 
has a short half-life. In contrast to its action in humane, 
phenyloin is very rapidly rtiiziaholijed in dog^ C half-life 
less than 2 hr'u 

A consequence of phase l nMibolIsm may be beti- 
vatkm in a compound of equal, greater, or less anticoo- 
vulil efficacy compared to the parent drug. Primi¬ 
done must be metaboliz-ed in the liver In its active 
meiahoLite, phenoharihiL&l, before it is effective in dogs., 
Clorawpalc, a beazodboepirc, is aho a prodrug, but it 
is converted in the stomach ro id active meiaMir*. 

Although diazepam is rapidly metabolized, its duration 
of pharmacologic effect fe prolonged since most of its 
—Ilhokw have some degree uf anliconvulstuifl effect 
The half-lives of the artabrrfitfi may alw> he longer 

than that of the parent compound 


Safely of antieonvulsoiit drugs is profoundly affeeied 
by meLubolism. Phase I metabolites. by their nature, are 
reactive. Although intended to progress to phase II 
metabolism, some reactive mctahoLi Le?t can interact 
with and damage surrounding tissues. Hepaioto^ieity is 
a tummun side effect of long-term anLiconvulsant use. 
The greater the amount of drug metabolized, the 
greater the potential tosicily. 

The relationship between half-life and dosing inter¬ 
val is important to successful anticonvulsant therapy 



val and time to steady stale. The relationship between 
dosing interval and half-life deiermiiies ihe raie of drug 
accumulation (or Lock thereof), if the drug half-life is 
substantiaIIy smaller Ilian dosing interval, plasma drug 
COOHOtndkHtt markedly fluctuate during the dosing 
interval. which may be undesirable. Toxic cnncenLra- 
dHU Uty liccuf pustd^iug, followed by subtherapeu- 
tic o»aatnlio«u at the eihJ of tlie dosing interval. If 
the patient HUEfid a dost. seizures may occur. Because 
therapeutic Concentrations are iK'hieved with each dose, 
giving art extra duxe to a seizuring paLieut may help 
control seizures during dri episode. Shortening the 
interval may id m i help by decreasing. fluctuations 

between peak and trough When monitoring, both peak 

find trough samples Bhndd be collected in order Co 
characterize the degree of fluctuation in plasma drug 
HIHHMiUlll 

If the drug half-life nf an anticonvulsant is substan¬ 
tially longer than the dotting interval, fluctuation in 
plasma drug eonctmLniticms is minimized. Since much 

of ihc previous doie(«) li Mill in the knly an the 

ad-ministration nf e-jich new Uhhu, plasmu. dru^ ULkiiccii- 


TABLE I6rl—Rrlitkmhip between drug faditr-Ufc aiad dadng inltnal in unlicumuLsunl therapy 


Drug 

DcnC 

tnag/kKJ fc 

HliuIl- 

O^iing 

lOttfVM 


Time Iq 

wLeudv sLali/' 

TherupcuLk 

nife* 

■f'liTazqwJlr 

0.5-10 

PO 

S hr 

<12 hr 

<24 hr 

I50-4D0 

rtg/iu L“ 

Diazepam 

1-2 

(L5-2J0 1 

5 itr 

PO 

IV 

IV inf 

K hr 

5-10 inm 

60 nun 

<3 hr 

<24 hr 

\k idhnvf 

I'elbinuile 

15 

PO 

Drvided 

$-12 hr 

hr 

<24 hr 

—= 1 

Phem+arbital 

2 

3-6" 

3- W total 

■&4t k 

PO 

H 

IV inf 

IV thw 

12 hr 

W) nil 

56-102 hr 

2-3 wfc* 

20-45 

MillL 

PrsinMkwie 

m 

PC] 

12 hr 

56-102 

hr 2-3 wfc* 

A^- above 

Ftrunudc 

30 

m 

12 24! br 

24 d 


1 nf/nU 


J Mjintcnanoi iIhm: unless udierwiM! rhtfud is darling duxC: duscs are dcpcihk’iLC *:^1 |)mbLilt retpuilu: and scfuiift drug 
conccfitratimns. 

^Ktlrapolalud fnim human iittfralun? unless Tutted ullio vi nvLv 

Bas-cJ on an ongoing clinical trial. 

‘t’-nn he repeated up 10 3 times fbr pcwitnil of 1 c He - e fiLirr^i be ™ i n jc seizure*. 

"Diluted m either 9% dextrose or U.9 c h NaO: fini flush 50 mL thictugh poly vinyl entbrier to dkw for binding of diazepam 

'Fx^kywing diazepam fnr inuiuifumenl «|f liliu--llnutenivig mtij*u nrs. 

^HaJf-lifc is likely m> shorten with chronic therapy, 

"I'Hiding dcKV as xnle drug lor nurugerrwnE cif life-dirualuninig seizure}-. 

Based on pbcnuhaibiml the netrve nnlkonvulmuu, 

■Iatwct otmcmlrdtHms -may he cJlceUvc -when cOillbinud with plKnoharhiLll. 
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iration* aeeumidaic until a steady slake ii reached. At 
this point, the amount eliminated during each, dosing 
interval is equal to the amount dosed wit h each interval. 
Eiaeh daily dose represent* only a *maJl :imounL of drug 
in the animal. in this situation, giving an extra dose Lo 
ihe sei curing patnenl will do Little lo increase plasma 
drug concentrations iu>d thus m stop kuhcs. Missing 
a dose will probably nert resulL in seizures since lillle 
drug will be eliminated during LhaL Lime period. Shrurl- 
ening the dosing interval in Lhts scenario as also not 
likely Vo help. En contrast to drugs with a short hah-hie. 
only y single sample needs to he collected for muni lur¬ 
ing of drugs with a lung drug half-life since f*;uk and 

i rough samples tie ihit Likely in he suhcsuiiiiially differ* 
emt during ji single doting imerval. 

Any drug metabolized by Ihe liver can potentially 
induce tkitg-metAboUziiig enzymes, and ibug iatenc- 
cion> are a common sequela. The type of interactim is 
diffWuh 10 predict juid varies wjih ejich drug combina¬ 
tion. Phenoharbital is the most pomt inducer of drug- 
metaholizing enzymes known. The rate ol drug mcLub- 
ollflU will increase clearance, and (assuming patient 
volume of distribution does nut change ) elimination 
half-life of many drugs will decrease. Pbenobtibintal 

increases its own rate of metaholi\m. Phcnytnin is also 
a potent enzyme inducer. U can decrease the drug ran* 
centraliincn of phcnoburbitnl. However il can also com¬ 
pels wish phenuharbital for melaboLLsm. resulting in an 
increase in the concentration of one or the other drug. 
These effects are not predictable. CkKUepUt iDCKUH 
concentrations of phmubarbital freasem unknown?. 

PhcnuburbctaJ Siidiuin. Ffiemhtirbitul Stuff urn. USP 
(soluble phennbarhilDKv Luminal sodium)* was ihe 

Hand barbituric acid derivative of clinical iicnportaflce 
to be developed. It wa^ tyntfaet iz ed in 1912 in Ger¬ 
many and patented under ihe trade mmw of IjuminaL 
Pfwtsnharhital is only slightly soluble in water, so a 
readily soluble sodium sail was prepared. 

Mbchanism or Action. Pfwnoharbital \odium 

specifically depresses the motor LenLcis of the cerebral 
cortex* giving it excellent anticunvuluoi properties. 
Electroshock experiments in cuts and oLher species 
have established phenubucrbital as OK of the most 

potent iuHfcanvuhani* available, h has the w idest spec¬ 
trum of activity in different convulsive seizure patterns 
Mom other sntiepilepiii; agents have been synthesize! 
as struKrlunal variants of phem-»biirt>ital sde AngElis 
1979), Fur example, primidone it a ck*e congener of 
pboubairUtaJ. 

Phcnobarbitul is the most effective anlncunvulsunt to 
inhibit the progressive InEensificatwn of seizure activ- 
ily that may KCOffipaO) epilepsy. Phem»bajbital both 
increases the seizure threshold required for seizure dis- 
dkmge and decreases the spread of discharge to sur- 
rounding neuron*. The primary means by which phe¬ 
nobarbetal decreases seizure activity is by enhancing 

responsiveness ro tta Inhibitory posLsynaptic dbcu of 

■CARA. Interaction of GAR A with phenoharhital i/rpens 


u chloride channel, resulting in higher intracellular 
amcentrations t>l chloride and hyperpulunzalion t>J the 
RM R However, phenobarbilal also inhibits glutamate 
activity and probably calcium fluxes- aero** the neu¬ 
ronal membrane. PhenuharbiEal can be considered u 
t, broad-HpeL“Lrum ,t anticonvulsant. DevpiLe introduction 
of new anLicpileplics. phenoharbital remains the anli- 

ranvulaafll of choice in the cal and dog (Schwtltl- 
Korsche et ziL 1985). It ill effective in all types of epilep¬ 
tic seizures observed in cels und dogs (Kay and Fewer 
1977X 

Disposition, As a weak acid tpK^ 7,3). phcnnharbiial 

is nbsnrbcd well following oral admiiiftratioa, 
although peak plasma, cnamcntraiions may not he 
reached for 4-6 hours al ter admin is-lratkin. The ahsorp- 
lion half-life in dogs is 3,27 ± GK2I hours f Pedenoti et 
al. II9K7). About 6.4 hours is required Toe ncureomplcie 
absorption of phgnoharhitai frimi the gustroLiitestinal 
(Glj! tropct. AbsurpticHi is eonipleic. Phenohar- 

bitiil is 45* bound to serum proteins in dogs i Frey and 
LOtther IMS). Its volume of distributiun in dogs is 

0.7 ± 0Ji Likg. To attain Andy-stale senrn rancen- 

Imiions, S-1S-5 ^biy* of rnuhipk 5 doling Is necessfiry. 
Maintenance dose* of l.tt mg/kg 3 limes a day or 
5.5 mg/kg uflKC daily administered orally are required 
Lo reach an average verum concentration of pg/mL 

(Kavas et al. 1984). 

Through microsomal enzyme action, phenoharbital 
is metabolized by tUEidHiK hydroxyluLiumi to form 
hydroxyphenichurbiLut. This metabolite has weak anli- 
convulsanl activity und doe* not contribute signifi¬ 
cantly to like action uf plicuuharbiLal. In tlie dog. 
hydnsxypheiioharhital is rapidly eliminated from 

MehhL by coryujatkif) wiih glucinnide aadacredH 
! in urine . Up to 23* of Ihe parent drug is eliminated 
i renaDy in dogs. ATkalirnjliofl of urine acceknia 
j excmtHfi of Miuiliared phcuuhurhital hoeaosc the 

■j priKiesv of buck-diJTusuni (tubular re absorption) is 
reduced appreciably by ionization of the dreg tde 
Angelis 1979i. Individual variability in the rule ol 
phcnobarbitaE climlnaEion is marked due to differ¬ 
ences in hepatic metabolism. Half-life varies not only 
between and wilhiu species, bul also in the same aol- 
inal. HK'iKHhiLrhilal ii a potent inducer of hepatic 
dreg-mciahidi/ing enzymes and itcqubk of increas¬ 
ing the me of clearance of othet drugs metabollxed 

by the liver u well as increasing its own rate of 
metabolism (mm Drug ImmdiEHu). 

In the dug, phenobvirhical: (2 mg/kg) administered 
orally 3 iime* a day for 5 daps ramh* in an climimfon 
haUf-lire between 37 and 75 hour*, with a mean elimi¬ 
nation half-life of 53 i IS hours (Kavi* et al. I9B4). In 
dtigs following a single 5 mg/kg IV dott. clearance 
ii S.-6-6.6 mLAgrtir, and elimination half-life is 
92.fi ±23.7 hours (PtdereoU el al.. 1987). The effects of 

multiple dcnc* of phcnnharbiial were dLK.-iiiweiiLed by 
Ravi* and eoworkers P Following 90 days rtf ir-cafmcnt 
(5 5 mg/kg k mean elimiviaJlioTi hulf-lile decreased from 

M-R.7 i 19.6 to 47.5 £ 10.7 h*iurs (Ravit el ul, 1y). 
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P1ieiu»hujhMal voliune of di-LnbuLiun is fl.% £ 0,060 
LAg in hurxch- (Knox cl ill. !W2: Ra>is el al 1987. 
Duran cl ill. 1987), FoUowiD| a >ing!le IV <fcnc of 
IS mg/kg (infused over 10 mink phenoburbiLal reached 
iui extrapolated peak v:ruiii omountioo ■.►I" pg/mL and 
wit duncterizcd by i dJ&tribuiJoA foal Mlfe of 

fi mwwtpa, The elimination half-life of phennharbiial is 
short: 18 hours-. The apparent vo)unG of distribution at 
steady stale was-0.8 i Jig, similar to that of other species, 
but total b<*dy clearance was rapid,, at 0,03 L/hr«1tg 
f Duran el uk, 1987). Follow tag single Mil adminisEra- 

liuii uf 5.5 mg/kg. peak concentruicHB uf |ig/mL were 
retrieved at II hours and the diminution halt-life was 
19 ± 4 hours and mean residence Lime wu 37 hours 
{IRavtad: al. 1*987), Oral biusivaiLaJhiliLy was 1.01 %„ with 
a mean absorption time of 11 hours. A daily dose of 
11 mg/Vg admin Klcred once daily was recomnKnded 
by Lhe Mdtun based on thi> d(«a:. Av in other speeics. 
multiple administration of phenobarbital resulLs in 
chaises in drug disposition. Mean elimination half-life 

of plK'iwbarbi Lid decreases from 24.2 £ 4.7 to 1L2 ± 23 
hour*, and clctnacc increases Emu 28,2 ± 5,1 to 57,3 

£ 9j 6 mLAir/kg (Kmw d at, 1992k In fools, IV pbeno- 

harhitil f JO mgAg) ondergon firsi-ortkr climirLuion 
fSpchiir ct al. 10841: its elimination half-life is I2.B ± 
2,1 hntn. Allhuugh bah are sedated by phenobarbital 
fee the first 1*2 botm* they coin walk but tm «tuk. 

Additionally, nrh hypefcxeiiahilify HCm 3-N hours 

after the pberntwhltal mAh km (Spcbv <\ ad. 1984). j 

i 

3 ids Eitocts I 

m:HAVIOR. Polyphagia, polydipsia, and polyuria are 

Mile effects rhat occur In uirudi receiving clinical ; 
douget of pheoobarbitil (Kay tod Feme* 1977k Tin,- - 

puly iiric effect is apparently due ilp an Inhibitory action - 
in release of anlidiuretic hormnne. Identical sedative ■ 
side elfeett are obsen-ed in the dog after treatment with \ 
phenobarbilal or primidone C Schwartz-Porsche et al, j 
lywAju Dugs appear faUgued and listless alter receiving • 
either drug: some are weak in Lhe near legs, and ataxia \ 
OCCUR. All of these effects ifmv be long lasting and , 
hljiy pcfsisl in siiiinc CUTS for lhe duraliml of (natffiOlr [ 

■ 

HEi3 h ATCJI'()\lt.'ITV. Al high plasma drug coneenlration 
doses (i,e. H greater ihan Jft40 pg/mLls phmotttlbflnl 
appears to be be(Hto40lic. Animals wbou livers are 
induced and thus require high dotes of phenotariHiul ilp 
niiiinuun drug cHKODtratHU in the lower therapeutic 
range may also he mure susceptible to toxicity because 
nf increased formation of mcUifoulites, PhenobartiiLal 
will also cause nnnpathologie changes in hepatic clini¬ 
cal laboratory tests due tn inductum of enzymes. Scrum 
alkaline phosphatase (SAP) and the transaminases -tire 
likely to increase with prolonged therapy (Chauvec el 
aL 1995k Thfiie are nut necessarily indicative #f liver 

rttwtf Changes tuodibed wiiii tru^ Twpmk pathol¬ 
ogy are mure likely with primidone (itt behw). Mod¬ 
erate ricvatkHH in renin ahuhiiic Eftuisforave and SAP. \ 
coupled with changes in bile acids and bilirubin, are j 


more indicative of hepatic pathology (i.c,, liver cli*- 
ease). Serum albumin and elmloteml alto may 
decrease I Chau vet et al. I495>, Nepal ie function tests 
(e.g.. scrum bile acids \ should be used to monitor the 
dt'vekiprnent anid/ur prtjgre^sion of liver disease, 'lhe 
incidence cif ttrioitt liver tjsiArdly can be reduced h> 

■voiduij eonihinaiion thenpy, hotag Ihcr^peulk moni- 
lotini to ^ehie^e ttHtn cDumlnriins ui the 

snullesi dose possible, and evaluaiin^ eliiiie^l p-jchol- 
trgy changes every 4-6 month'- while the patient is on 
therapy. NoLe that, due lo the effects oi‘ hypoxia, etc., 
liver enzymes are generally increased following a 
seizure. 

HEUbOeNbOCtUNE EFFECTS, Phencsharhital fiven 
orally and daily for 2 weeks to infant rat.s al 60 mg/kg 
and 15 mp/kg produeo a (2 and 31t, respectively, 
reduction in brain growth (Diaz and Schajn 1978). 
Akbough it i& kninh-n chat brief expsisure of newbtim 
animals to various- drugs- may result in behavior and 
brain alterations- later in life, informal ion is lacking on 
the short- or long-Lenn ellccLs of phenobarhitaL In 
KkHtion to attention in the f'luiri weight, phuotHiUciJil 

fed to raLs s 0.25% uf life n diei lesulis in a reLliieed 

gam in hody weight tPennno et al. 1980), It is sug¬ 
gested dial the lower weighl gain in ammal> chruni- 

ciiUy exposed to pbesobirUtiiJ occurs Erma ylterathms 
in hcpalic iDdabolmn; however, die effect of pheoo 
hfli'hiiid itpofi food kvlikc itiiy alio lv u factor in 
jpwth reduction. 

lit on© study of 5 dop receiving pJw mibutinl for 12 

imfifhi, eadagcMus ACTH nmntvtntkHif ukthshI, 

although they remained within rel'erence limils, Plasma 

ACTH-sllnuIvtod ildosttfou comalfuiloa also 
inereued over the course of the study (Guuvd et al. 
1995), 

REFRODlXTnON. Admini^Lratton of phcntihcirhital to 
pregnant raLs from day 12 hi day iy of gestation sup¬ 
presses weight gain and induces signiticanl dTecta cm 
rcpruducLbe liuctiM of Lhetr offspring iGuptu et id. 

Some of there effect* are delay in ooret of 

puberty, dbcudni in the eUVW cycle, aitd infertility 
(Gupta and Yaflfce 1982). Additionally, animals 
etpQttd 1<^ phencjharbilal m lAero have allcred eoncen- 
LratuHifcs of sex steroids, gonakuropk tomoies, and 
estrogen re cep tors There studies suggest that pinniu" 

harbiULl exposure Lluring (wcnaia] pwdl can induce 
perntmenr changes in sexual development fGupra et al. 
1980). PrcgnanL animals tnated with phennharbital me 
more sensitive or ropnnive lo its depressant effects 
Lhan nunpregnant animals iMiddaugh el al. 1983). 
CnmequenEly. phenoharbital shtrnld be used ouLiuusly 
dunng prvgtuLiK'y and al a minimum iherapyinic dose, 

OfeOC Inieiloons. Hepatic mkrawnul enzyme 
activiiy, especially mixed-funerion oxidase induct ion, 
is accelerated by phenoharbital, E-n/ymc induction by 

phenobarblLal appears to be dose related (TlWAOt et 

ul. 1*983), LdO£ u iieiioig borMlucvtei are better Inducer* 
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of microsomal enzyme activity chan are vhort^cting 
compounds. Cbmpajred on \i mtslin bu^fe*. phenobarbitul 
is the most pooetH enzyme stimulatory agent known 
iVaterinu ct al. 1974). Pentobarbital Lind thiopental 
sodium are potent inducers of mknxsomil enzyme 
activity.. Enzyme induction may take weeks, to months 
and may occur with each dose Increase. Induction has 
been drcuiiKflted in dop (Aldridge and bfeims 1979: 
Bckersky cl at. 1977; Ciaccip and HaLperl 1989; 
XfcKillop 1985). Once enzyme induction is initliitcd by 
exposure to phersoharbiDaL it may take up to 7 months 
for its complete disappearance in ihe dag after M- 
menl has slopped. Fhcnobiubifal does appear to induce 
its awn elimination, although drug-mcrabolizing 
enzymes responsible tor phmobdrbaJil metabolism 
may not be as impacted as enzymes responsible lor 

metabol ism of ocher drugs' (e.g^ aottipyrine) (A beam son 
l9B8a). Antipyrine metabolism in dogs treated with 
phtmutarbiiul. increased up to 13-foldL potentially con¬ 
vening a "Vupixci ty-1 iiiii LedT drug to li "‘flow-limited'' 
drug (Abramson 1988b). 

In newborn rats, phenobarbital induces a kmi-term, 

perhaps permanent, alteration in hepatic mixed- 
function oxidase activity (Paris and Campbell 198I ). 

If rats are treated with phcnnhurbituL the weight of 
llheir livers is increased. An increase occurs in the 
EiHuuiU of microsomal protein per gram of liver as well 
as in the content of cytochrome P-450. The res till of the 
increased level of enzyme is a more rapid rate of drug 

metabolism in treated anfnuls. In fetal nit livers, phe- 
nnh&rhital significant! y increases the metabolic 
destruction of hexotairbital by 263ft over controlled 
cofttlitinns (Sunooctu el al. 1984). Induction of drug- 

metabolizing enzymes is likely to ncccssitglc a larger 
dose in order to maintain the same drug concentration. 

Treatment with pherioharbiLal sduuluet hepatic 
dbl^tneteboMfll enzymes in several other animals, 
including swine, sheep, anti cattle (Conney and Burits 
1972). Adnnindstratkm oF low doses of pheaobarbaial to 
lactating cows given DDT for several day* result* in a 
significant decline in Ihe content of DDT metabolites 
in milk {Alary et, at. 1971), 

Phenobarbilal is likely to increase the metabolism 
and clearance of other drugs cleared by the liver,. The 
climcal sequelae depend on the role of hepaiie metabo¬ 
lism in the disposition of the drug. The most clinically 
imporbiAL sequelae are the generation of toxic metabo¬ 
lite* aitd therapeutic I nil ore due lo dooeased drug effi¬ 
cacy. Increased metabolism may also increase former 
lion of an active drug from a pmdrug; jiihj it may 

promote lumors (Kitagawa et at. 1979). 

In the dog, prolonged administration of phenobarbi- 
(ul (ISO i ng/d ay orally) dec re-uses the biouvailability of 
pn^riaricBliiL a |1-Adrenergic blue king agent* from 8 to 

35ft (Vu Ct al. 1983). Additionally, il alters the binding, 
metabolism, and pharmacokinetics of propranolol (Bal 
and Abramson 1983). Phenobarbital ahorten* the dura* 
ticwi of pi blockade by propranoLoL The clearance of 
thiopental is increased in Greyhounds treated wadi phe- 
Ddtobital for 14 days (Sai» and .Muir 1988). Duration 


of anesthetic effects- of xylazinc is decreased in dugs 
preiteiiicd with phenobartrilal ford day*(Nomman et 
al. 1990). Although phenobaitiial had noeffect on clo* 

razepate concentrations in one study (Forrester et at, 

1993), in our laboratory dorazepate concentrations 
decreased in patients receiving pteiwbubital. Phcnu> 
bitrbiud is likely to increase adverse response to toxins 
whose toxicity reflects reactive met&holiEcs. A seven-to 
ninefold increase occurs in the toxicity of carbon tetra¬ 
chloride after treatment of sheep with phcnoharbilul 
and DDT (Seawright el al. 1972), Phenobarbiud pre- 
treatment potentiates the toxic response of reiud corn¬ 
eal slices of Che rabbit to chloroform in views (Bailie et 
al. 1984). Cephalofidine nephrotoxicity in rabbits is 
potentiated by phenobarbital (Kuo et al. 1982). 

Treatment of animals with phOddbarMud increases 
activity of nikfu&umal enzyniev that metabolize endoge¬ 
nous hormones. Estrogeni. androgen*, progestational 
swroid* »d adrenocortical steroid. hydroxyiitMn are 
increased. Thyroid hormone* (eg., thyroxine) are 
dtecKtseddue go increased hepatic metaboltein and pwi- 

Wy inercasasd deitKfinatiwi, Animals may test as hypothy¬ 
roid despile lack of clinical signs. Accelerated hydroxy la¬ 
tum of steroidal hormones hv mkrosnmal enzymes is 

p 

influenced in vivo by an increased metabolism ami altered 
phy^iolugic action of the steroids. Because it stimulates 
increased hepatic mi ctu soma I enzyme acLivity. phcnofair- 
bital may he a lumor-pnimoLing agent I Kitagawa et al. 
1979). In the presence of 2-mcthyl-iV. Ar-di methy 1-4- 
amirto-az uhe dec iw, a nuncajx inogen in niCs, liepulfixellu- 

lur carcinomas develop by 72 weeks when animats have 
been treated simulianeously wiih (ftenobfiftrii^ 

An interaction involving ph e nub arts iial, phenytoin, 
ami vitamin D may lead to devdopmaH of rickets ot 
osteomalacia. An interaction between phenobarbital 
and gnseuluivin may decrease gratefulvin blood lev¬ 
els by impairing absorption of the antifungal agent (dc 

Angrfis 1979). 

Enzymes responsible for phenobarbilal metabolism 

are subject to effects of drags that inhibit drug- 
metabolizing enzymes, Ciaccto et al, (1987) demon* 
sirwicd the inhibitory effects of cfatanmaphaikcl oo 
phettobarbttal metabolism, 

Treatment op Phenobarbital Toxicosis. Anifi- 

L-tal respiration with oxygen .should he adininisEered to 
prevent hypoxia from respiratory arrest induced by 
overdoses of phenoharWtal. Although less Effective 
than oxygen. duxapiKn Wother analeptic drug^ may be 
Ikted to sdmulflte the respiratory center. Also, alkalm- 

izatian of the urine accelerates renal excretkm of plre- 

noharhi taJ vj* incrtasuLl ioni -raiUMi nf phcnoharbiial by 
this alkaliniz^tion (de Angclis 1979). Agiivated ehar- 
cual effectively accelerates the body clearance of ptue- 
nobartiiLal (Berg eL al. 3982). When charcoal is admin¬ 
istered in the human, the biologic half-life of 
phenolHfbical lb decreased from 110 i 8 to 45 ± 6 
hours', il Increa-sEs tk total bedy c tear a nee uf phem> 
barhital from 4.4 ± 0,'2 to 12,0 ± 1,6 tnUkg/lir (Berg et 
at. 1982). 
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Pri-fa rations. Fhcnobubit*] is available a* onil or 

injectable preparations, Oral sabkts contain 1/4.. I/2-. 
uf ]-grain (15. ML and 65 mg, respectively) phcnnbar- 
bilal. An elixir h also available (4 mg/ml.) for treat- 
men! in very small animals. line injcctahle form m 
intended for JV use but ran be given intramuscularly 
(IM). Under iJht 1970 CupimlW Subsume Aci. pbc- 

nobarhilal is classified as a S*-|wdultf ] V drug. 

Cljmcal. Usfc. Phenoharhiiiil bu a more specific 

depressant effect upon convulsive wavy ghaut any 
other barbiturate. IG can he an effective anticonvulsant 
ut clinical dosages that produce minimal Hdvtkn 
(Macdonald and Barker I97 Hj. Fhenoharhital has long 
been used in the symptomatic or prophylactic control 
of convulsive seizures of epilepsy. It is effective in ftfh 
oG canine patients suffering Irons epilepsy if scrum 
COBKOtfilkni of the drug are maintained within rec¬ 
ommended therapeutic ranges of 15-40 jig/ml.. 
Patients arc IIlM conxiLterud r^lqicUHry |n ptwiirufoirhltul 
therapy unlil concentrations reach 35 jjg/inl.. Due 10 a ' 
large individual variability in phenohjirbiial clearance* 
required diisag.es for dog-s can he as link flA I mg/kg lu 
greater than 15 mg/kg every 12 hours in cmiLrul 
seizures, although hepatmoxicity may he more likely at 
high doses and concentrations |Schwanz-Porsche d al, 
IHSk ThcrapcuLic monitoring can be used to ascertain 
I he diwage regimen necessary to achieve and maintain 
llierapeulk serum concentrations in the individual 
palieni. Marked vuMiUty in ilk" elimination of this 
drug uccm between dog& and in the same animal 
depending on dumti« rherapy. In paLienLs with a 
drug hu!F-life of 36 bourn or less, the same tool dose ai 

8-hour Intervals may he useful since plasma drug con- 
centralnnis may drop below therapeutic ranges during 
a 12-hni.nr during interval in Mime animals. 

A Loading dose of I 2 mg/kg can be administered to 
■issiilI delfty in dKflpemic effbcu in the dog. With this 
dose range,. iIk plasma concentrations u-f phenobarbitaJ 
fall within the range of 20-441 fjg/mL lhal has been pro¬ 
posed in rival men! «f huivuui epilepsy. In animals 
where complete control of the ^i/m-e is not possible, 
Schwarti.-Ptwschc and uncivtH |1^R5) adtadlkkAHlHl 
daily oral dorses of phenobarbita] up to 17 m|/fcg r 

In the caL, an oral dose (4 mg/kg) every 12 hours is 
suggested: the Mai d^i ly IV dose in the cat was 15-6(1 mg ! 
in OH Study I Kay and Fewer 1977). More recently, 
following a single IV adminislration of Iftiitp/kg. pl^- 
nohurbilal reached an extrapolated peak serum concen¬ 
tration of pg/mL that ranged from Sit to 12.7 in cats 
and was characterized by an apparent volume of distri¬ 
bution offl.W IJkf. and an ehmi mation IMf-Ufe of 58 ± 

4 hours. A single oral 1(1 mg/kg dose yielded a similar 
hulf-Life. a peak serum concentration lhal ranged from 
11.0 lo 16.6 pg/inl-, and a bioa vaifcahility of 12TKfr- 
(Codme 199Uu). fallowing multiple oral udminiistraLion 

off 5 JngAg. punk (HOKOtlltiau were 5.7 m 72 pg/mL 
m llw fifsi ilcirf <uhJ IK to 22 jlg/mL at 21 days, and 
elimination half-life was 4.1 ± 5 hours, Enductijoil appir- 

cully occurs with chronic administration in cats, fol¬ 


lowing administration of the same dose for 21 days 
(Cochran 1990b), Fur lermiuliiig Hiatus epilcpticus in 
the cat fiO-120 mg phenufcarbilal has been rccom- 
HhnnJtfiJ IM nr to effect by the IV route, Phenobarbitul 
ai 10 mg/kg IV was effecting in controlling experimen¬ 
tally induced (petty koetfiEOI] inierical -spikes in 7 of 
10 cals. Al this dose, phcnoharhiial uImi slightly 
depressed Ihc heart rate and blood pressure (hv 10 mm 
Mg) of treated cals. Phcnubarbitial was also useful for 
controlling seizures induced experimentally following 
injectiiin of tetanus toxin in the hippocampus of eats 
(Dmy and Williamson I992t and in kindling seizures 
induced in the hippocampus or amygdalus (Sum! 
1993). Concentrations of 15-25 |lg/mL were effective 
for generalized seizures of hippocampal origin. 
Although cnwntnikni up to 50 j-Lg/mL were neces¬ 
sary ly COfMTOl iLfcerseizures (Sumi 1993). Amygdaloid- 
induced s^izur^s, in contrast, wen; much more ■resisCanl 
to pfaenobacUtaL fn equine neonatal seizure disorders, 
an IV loadi ng dose of phenobarhiiat i 20 mgAg 5 di I utud 

in 30-35 mL sterile saline and infused over 25-30 man- 

ules is recommended; maintenance doses of 9 mg deg at 
S-huur intervals should aho be infused slowly iSpehar 
et ul. iy&4k A phcntibarhital serum concentration of 
15 -443 pg/mL should be achieved In epileptic chickens, 
phenobarbiul plas-mu concenUat Uhls between 12.6 and 
17J ^tg/mL provide complete protection against inter- 
mitteal photic MimuluLion-induced teizures for 6 hours 



concenlrations. scizuic processes in huni$iihs and 
epileptic fowl show comparable sensiijvljy i^i 
anLiepileptic action of phenobarbetal. Compared to use 
of phcnyloiii (Davis cl al, 1^78)^ phenoharbilfll prii- 
vtdtt complete pmectiou from seizures in the chicken 

without signs of toaucky. When based on do*gt 

reqiuirefflieiiis. ihe hcniodi&upInH (cbmuzepiim. 
dia7epam) arc llw most pi>ltlfc[ jukticonvulsanls. in 
epileptic fowl 4 Johnson et ul. I979) r 

Primidone, Primidrut^ USP iMylepsin, 

(S-phenyl -S-c Lhy I hexah ydropyri m i dinc-4,6- d i ono) 
(Fig. 16.1 j, is a dose congener of phnohariulAl. The 
drug ii a white, crystalline, tasteless substance. Prim- 
IdOK i£ Approved by Ihe FDA for use in the dog for 
control of MOVObthns a.^MHjiated with " , Lnue'* (pri¬ 
mary) epilepsy, epileptiform seizures, vims 
encephalitis, distemper, and "hardpad" ll 

may be the mosl commonly used ajitiepileptie agenl 
in veterinary medicine I Cunningham 1964). Accord¬ 
ing to Schwarts-Porsche el al. \ 19K2L only primidone 
and phcilubarbilal are effeclive m treal merit of 
epilepsy in the dog. Although primidone therapy does 
not appear Lo have an advantage over phenoharhilal 
therapy in control of seizure disorders, this dues nol 
exclude the possibility LhaC a single animal may 
respond men favorably to 4ine ®r lire other (Tambach 
I9S4: Schwartz-Porschc ct al, 1985), Fttmidone U 
less well tolerated than phcnnharbital because of its 
polenEial for inducing hepatotosieity (.Sehwariz- 
PtHsche el fi, 1985k 
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P] IA R M ATO LOG DC ACTIVITY. In humans. approxi¬ 
mately ftO-90Cf of an oral dose of primidone i& rapidly 
absorbed from Lhe Gl LracL with a peak serum kvd 
he mg attained in dbdtfl 3- hours idk Angel is I979| In 
animals, primidone is. oxidized at carbon-! (C-2> lo 
phoiobarbitnl and ring efeuvage ui C-2 to phenylethyl- 
mah nidi ami Uu (PEMA), Although all three compound^ 
have anfrconvuIxiLnt activity, rnosi of primidone's ami- 

eonvuteiot activity in dop< results from ptenobarhical: 

as the compound with the longest half-life, it accikitu- 

lutes Co the highest eonoeotraikm (Cunningham et al. 
1983), The potency of primidone and PEMA is |./jo«of 

ch-ii of phenidxLrhiial. The efficacy of primidone gener¬ 
ally is equal to or less than LhaL of phenoharbilul, and 
anticonvulsant aclivily can he correlated Lo serum phe- 
nobarhital levels. Because of this relationship- serum 
pltenutiiirbical coneentratkim can and should be used to 
guide design of primidone dosing regimens (CunnLng- 
hiiin et all. 1340k Taiga therapeutic ranges arc the same 
as for pheiviiihaitiihLl, Primidone continue- lo be used in 
patients which have proven refractory io phen^harhival 
at Ihe maximum therapeutic drug concentration li.e., 
40 pg/inL), Note that iLs efficacy in this scenario has 
nut been proven. Efficacy may simply rdlcet improved 
conversion to phenobarhilal i'i.e., animals that arc 

induced may inlatoltee the drug to greater concentra¬ 
tions ol phenobarbetal than those generated, from 

administration of phcnubiubital alone), According to 
Famtweh (1984), there is no advantage in using primi¬ 
done rather than phenobarbilal for control of epilepsy 
in most dogs. 

Although pnmidone is less potent than phenobarbi- 
tid ils- a general CNS depressant, i t is considered to he 
more potent in protection of animals aprinM ma*;imii! 
seizures induced by e tec tru shock and pentylenetetra¬ 
zol. f-Vimrdone is mure toxic in cats and rabbits Chan in 

rats or mice; it is not recommended for therapeutic we 
in cals. Cats metafadjic primidone bo phenobarhital to 
a lesser extent than dogs. This may he why i t is far less- 
effective in cats than in dogs (Frey 1986). 

DlSPOSmOH, Primidone is well absorbed following 
oral admin Nation , IV administration can he associ¬ 
ated with undesirable side effects: in addition,, as a pm- 
drug, it is not preferred for emergency therapy. In dogs. 


3.8 mg primidone is convened Co I tug pheiiubiuhiial. 

In eats, the conversion of primidone to phenoh®t*ittJ is 
less effective (Sawcliuk et al. 1985). Peak plasma con¬ 
centrations of primidone are much higher in eats than 
in dogs and peak plasma concentration* of phenobarhi - 
tal are much lower when the same dosing reg¬ 

imens me used in both species. Thus, while the drug 

may appear to be sal e in cals, the recommended dose 
may not he sufficient to be effective. 

Side Effects. Identical sedative side effects are seen 
in the Jog aiier treatment with pheitohafbilal and after 

treatment with primidone (Sdiu^-Pmche et al, 
1985); see the discussion on unticpileptie action of phe- 
nulsiiihiiul. Primidone will cause all of the side elite Is 
noted for phcnoturbiUil. Primidone may induce nystag¬ 
mus. nausea, drowsiness, and ataxia. Ac ceding to 
Hchwarlz-Porsc'lle et al. (1985), polydipsia is. more 
common in dug* treated with primidone. In humans, it 

is recommended that therapeutic plasma eonpentrationa 
of primidone and its. metabolite phcnoharbiuil not 
exceed 15 pg/mL and 30 pg/mL. respectively. Mcgo- 
lobkstic anemia \s one of the more serious adverse 
effects of primidone in humans. 

In the % primidone induces progressive hepatic 
Injury as nranifesied by increases in liver enzyme val¬ 
ues. (Meyer and Noonan 19*1). Inn clinical study, signs 
of liver toxicity were reported in Id of 20 dogs 
(Sc h w a rlj -Porsche cl al. 1985). Hepatic cirrhosis asso¬ 
ciated with primidone and phcmiharhital alter 7 years 
□f use has been reported in a dog t Poffenborger and 
1 lardy 1985), Dwmaciftiis is a rarely reported side effect 

(Hflvkh 1987 ), 

in humans, long-term (more than 2 years) treatment 
of epileptic patients with primidone has been associ¬ 
ated with development of ostosmalacia: suhnomial 
serum calcium h cecn in such patients. Primidone may 
induce or stimulate increased production of hepatic 
micfL'K^mial enzymes that increase the metabolism ar 
degradaeion of v ilamin D. 

Primidcrne should nut, be used cuncumrntly wtLh 
chloramphenicol, which is a ptrtcnt mhibiLor of she 

micrtKSUmal enzyme system. Severe CMS depression 
and iruppetenee occur in the dog al ter concurrent use 
of time drugs (Campbell 1983), 

Cl.INlCAl. USF In the early 1350s. primidone was 
used in veterinary medicine for control of convulsive 
seizures in the dog won after it wax i ntroduced into 
human medicine for el inieal use (C ’ha.stam and Grahoni 
1978). Primidone should be reserved for treatment of 
seizures in the dog that hive not responded to pheno- 

harbiinl administered at vufhcimK w achieve 34> 
40 pg/mL Only 1715 of dogs refractory to phe no barbi¬ 
tal caii bt expected to respiHbd in primidtuie. TIk 
reefinimended dose for primidone is 30-55 mg/kg/day 
for 5-15 mg/kg every 8 hours). Because of gradual or 
progressist nikTuwmal enzyme mductiun, complete 

control of seizures in the dug can sonwtinwsi be 
attained only with daily oral dc^s of 50 mg/kgt 
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however, daily oral doses as high as 107 mg/kg may 
fail to control seizure disorders in the dog (Schw artz.- 
Porsche el al. 1982., 1985). When primidone is substi¬ 
tuted For another anti-epileptic agenL, the dosage should 
"he gradually increased while gradually withdrawing 
the doage of Ihe drug being replaced Over a period of 
at least IS days so that adequate seizure control is 
maintained (de Angel is 1979), If convening from ptie- 
uohurhilul lo primidone, a conversum ratio of 250 mg 

primidone per 65 mg phenohartriltd ean be uwd. Tber- 
apwtk monitoring should be u«l to guide therapy. 
TuKkusi* to primidone, manifested its remporary s&uia 
3iihl sign® of depression, has been reported in eats after 
-klmi njsiiiLi ion of siihglt 9 doses ranging from 10 to 25 
■Hf/kg. The safety of closes nectary to achieve thera¬ 
peutic eoDConiirfllioii^ of phenotarbitad hu not been 
documented in thecal. 

Primidone has been u&ed in lhe Thoroughbred foal to 
control recurrent convulsive seizures (May and Green¬ 
wood 1977). Daily doses cojiaisled of I-L5 g adminis¬ 
tered by stomach tube. 

PhtStyloln Sodium* Phrnytwn Stni rr«n. USP (Dilantin 
sodium. Epanulin). previously named diphenylhydun- 
tpin, depresses motor areas of ihe cortex (anfci.epi:LeptLe 
action) wflhoui depressing sensory areas. Ii is approved 
by the US Food and Drug Admin Ktratiiuri (FDA) for 

use in the dog for control of epileptiform convulsion. 

Phenytoin is a hydantoin derivative! (de Angels* 
1079)- others, of leaser importance. are mepheflytoiii 
arid ethotoin. Hyduloin* are fLve-inemlKred ring 

HnKtUffii whereas bubituntts arc MA-memhered 
hirusrures. A nujor pcini of diffnenee between the 
hydsntoins and barbiturate* is the absence of a C=Q 
group. Pficnytoin is not a general antsenfivulisanL as is. 

pheno(wMlal B and is not used for emergency treatment 
of paiMining by wmuhmt, drug* or tetanic seizures. 

Oral preparations are available in suspension, cap¬ 
sule, and tablci forms. Phenytoin (50 mg/ml.i is also 
available for human use in a special solvent for IV 
administration. IV injection of the drug causes a 
marked drop in arterial pressure and is not advised in 

the dog (Fasten 1977). Absorption of phenytoin is 
erratic following IM Jidrainistraiian. This may hr 
related to crystallization of the drug at the injection -site 
because of alteration in pH by tissues (dc Angclis 
1979). Administration of phenytoin by the IM route is 
not advised, because considerable necrosis andl slough¬ 
ing at the injection s-ite occur (Fasten 1977). Absorption 
of the drug from the Gl tract of the dog is poor (Sanders 
and Yeary 1978k Unavailability of phenytoin from the 
(ablet formulation averages 36% in the dog (Frey and 
Ldscher 1910). In the ho™, a bioa\ailability of 34.5 ± 
S.OT hu been reported (Kowafexyk and Beech 1983). 

Phenvtoin has declined in u*e for control of seizures, 
in the dug because of luck of efficacy (Sanders and 
Yeary 1978 k which may be related to decreased 
bioffraj lability and rapid clearance. Phenytoin is much 
less effective in the dog than cither phenobarbital or 
primidone in control of epileptic seizures (Farnhach 


1984). Thu half-life of phenytoin is too short in Ihe dog 
to permit maintenance of adequate drug concentrations 
in plasma and the CM S (Schwartz-Por^bc el al 1965). 
When administered alone, phenytoin Ciumoi he consid- 

end a satisfactory drug for treatment of epilepsy in (he 

dog (Frey and LBschcr 1980; Frey I9H6). Due to drug 
interactions and! enhanced hepalotnxicily, a combina¬ 
tion of phenytoin with phenn barbital is not a viable 
alternative, 


In the eat i phefiyioin is rriuLiwly Indue and generally 
tnidesiiniblc ie* an anticonvulsant (Kay and Fenner 
1977). Studies- are needed lo determine the efficacy and 
safety of phenytoin in eats (Frey 1986). 


PHARMACOLOGIC Activity. Phenytoin produces a 
stabilizing effect upon synaptic junction® that ordinarily 
allow nerve impulses to be readily transmitted at lower 
thresholds, Consequently,. the level of synaptic 
amiability that pcfimb impulses to be transmitted eas¬ 
ily is reduced and/or stabilized. Thfe effect appears lo he 

associated with active ntnrioffi of Nu _ from neurons 

and decrease of postieianic p^entiution or spread of 
nerve impulses to adjacent neurons. There is also a pos¬ 
sibility lhal ptwdyiaim reduces muvemenL of calcium 
across cell membranes. Phenytoin may inhil ci activation 
of protein phosphorylation by the ^ClUIIHalfllodulni 
complex (Mara L9H0.I. Phosphorylalion and norepi¬ 
nephrine release in neurons nquift olmulilliA. 

Reduction in spread of the "bursTactivity assuciat-wl 
with epilepsy prevents, genesis of the conical seizure. 
The activity of phenytoin in stabilizing hyperexciiabte 

neurons so that epileptic seizure docs not develop 
occur* u- iiIhiu! eausiutg gCiHiTuI deptcsseiHi -ni ihe ( MS 

(tk Angel is 1979), 


DlSPOSITlOf^. Poor oral atosoqfuiurt and drllerences in 

product binavailability i a* liiile as 40% bmavailable) 
comrihutc so the difficulty in achieving effective semm 

levels of phenytoin. The generic preparations of pheny¬ 
toin shnu Id not be u*cd. 

At tbempeuLie eoneenl rat ions f 10-20 pg7mL), 
phenytoin is highly builiul (73-859E l Ln plasma pn:)Leins 
of animals and humans (Baggot and Davis 1973). The 

high degree of phenytolni binding predisposes this 

acidic drug to interaction with rusher drugs by n dis¬ 
placing effect at protein (albumi n) binding sites. In ure¬ 
mic paciciiEs, there is a decrease in plasma protein bind¬ 
ing of phenytmn. ITiis accelerates renal cteuianec nr 
elimination of the drug. Phenyloin readily crosses Lhe 
placenta (Mirkin 1973). High concentrations are 
attained in the maternal liver and maternal and fetal 
hearts,The brain (ostensibly the primary target organ) 
contains nearly Lhe lowest comreiUrjliuHL of the drug. 

Phenytoin is nnuiaholt md into mcia- or parahydrox- 
yphenytmn. These metabolites are then conjugated 
with glucuamie acidL Ln humane, about fal>-75 % of Lhe 
daily dose of phenytoin is excreted in the glucuranide 
form jde Angelis 1979); the dog also converts a high 
percentage of phenytoin into this. form. Jn addition, 
diptu.'nylhydanliuc acid, a minor rnctaholile in some 
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Isttoratarv animals, and dihvdindiol arc formed. inter- 

p r 

estingly, after creatmcni with phenymin high conccn- 
iraflion* of diphenyIhydarncjit: acid Lire found in cat 
urine. Hie Uikydrudkil Kneuboliie h probably involved 
in fannution of catecMI metabolites;. ill«e Jure also 
formed in mmi animals (Ctezko 1973). Epoxide 
metabolites are also speculated to ho formed in 
humans. The combined used of phenytoin and pboo- 
hubitaJ or primidone may lead to increased formation 

of epoxide metabolites an animals-. This could possibly 
result m cbn-lesEatic he pane injury similar to that 

reported in 3 dogs (Bunch et al. 1987), If epoxKfc inier- 
fnedintes are formed, meropturic acid should also be 
press in.; however, no such metabolites have yet been 
identified. Since phenytoin is not very soluble In water, 

little of the iqiixAtbotbed drug is exerdled in urine. 

Phenytoin bus a long duration of action in the cat. 
The long plasma half-life (CJL 24- BOB hours) (Tobin et 
at. 1973) siihJ the prolonged effect of phenytoin 
observed in the cat over some of ilk- otter species may 
also be related to the call's decreased ability co conju¬ 
gate compounds with glucuronic acid. Phenytoin is 

excreted after formation of a hydroxy lined derivative 
and conjugation with glucuromc acid nr sulfate. A 
plasma half-life of lOfi hour*., folkwing oral almirtlv 
fcukm of phenytoin (10 mgJltgl in Lbe cal, has been 
reported (Roys et al. 1973). 

In the dog. despite relatively large tingle dally d«c& 
(50 iqflg) administered orally. Use plasma concentra- 

Ii 11 ;I i.if ilk- drug ■■■ Ink I .a jJ'leliliy thi* uhM.-i », .i £ m ‘:w 
plasma half-Difc of a single 50 mg/kg dose in the dug is 
only 6-7.8 hours (Dayton et al. 1967). Roye cl at. 
(1973) found the plasma. hall-file was 4-6 hours alter 
an IM injection of phemytoin (50 mg/kgj. The apparent 
discrepancy between results of ihese two studies may 
he due to pretreatmenl of the dogs for 9 days with 
phenytoin by Roye et al. (1973). Studies have shown 
that Lhe half-life of phenytoin in the dog dramatically 
decreases after 7-9 days of treatment (Frey and LBseher 
198U), Apparently. phenytoin is a potent inducer of the 
hepatic microsomal enzyme system in the dog (see 
■"Drug Interact ions'"). Other biologic ha If-life data 
reported! in the dog are the fallowing: after a single IV 
dose (15 mg/kp), a value of 4.5 hours was obtained hy 
Sanders et al. (1979b), and a half-life of 3.65 hour*, m 
determined by PedtefSOti el jL (1981) after an IV bolus 
of 11 tftg/kg. 

Clinical Use,. Mmsnmendcd therapeutic doses *if 

phenytoin administered orally every 8 hours for control 

off seizure disorders in Ik dug show ouUeniJe van- 



ninghom 1984). and 35 mg/kg (Sanders and Yewy 

1978). In humans, clinical therapeutic effects and 
intoxication are related, to the blood concentration of 
phenytoin. A reduction in the number of seizure* 
occurs when phenytoin blood concentrations exceed 

10 pig/mL 

Since the half-life uf phenytoin in the -dog is reduced 
considerably alter use for 7-9 days (Frey and Lose her 


1980). high oral doses up to 30 mg/kg every 8 hours 
may be required for satisfactory control of seizures 
(Cunningham 1984). Oral administration of 4,4 and 
11 mg/kg phenytoin every W hours fails to achieve ihe 

assumed therapeutic lewd of the drug in serum ad: 
10 |ig/mL. The serum content of phenytoin in the dog 
after single or repealed oval discs of 10 mg/kg docs not 
exceed a concentiallw of 2 \LgfmL (Sanders and Yeuy 
1978).. To achieve a serum concentration of approxi¬ 
mately 10 jig/mL phenytoin, it appears tkj an oral 
dose id at least 35 mg/Skg given 3 Limes daily is neces¬ 
sary for the: adult dug (Sanders and Yeaiy 1978). Use of 
phenytLMii for control of seizures has declined due k» its 
lack of efficacy, w hich may he the result of inadequate 
dosage (Sanders and Yeary 1978). According to Peder- 
soli et al. (1981 j. an oral dosage schedule off 20 nag/kg 
every 8 hours of the phenytnm miLTcxryslalliiic sus¬ 
pension should be sufficient to reach a serum concert* 
tration of 10 pgftnL eh higher. However, Ihi* dose will 
only maintain a plasma therapeutic level for tte firsl 2 
or 3 days of treatment (Frey and Ltoeher 1980). The 
marked variation in the don^ge of phenytoin needed to 

maintain a Lherapeulic level in Ihe dog ls aiirihuiuble in 
large measure to its rapid bioLransforaistLofi by the 
hepmic unicrusonial enzyme system. 

In die horse, phenytoin administered orally at 8-hour 
intervals provides average serum, steady-state conceit - 
trackmi of 5 and 10 pg/mL with doses of 2.83-8.22 and 
5.67-1643 mg/kg, respectively (Krwailcyzk. and Beech 
1983). After IV administration of 8,8 mg/kg phenytoin 

in the horse, the mean biologic tudf-life is 8 hours. 

Drug InteiuhjCTTONS. Phenytoin musl be considered 
a potent inducer of the hepatic microsomal enzyme 
system in the dog (Frey and Litscher 1980). Seven to 9 
days after administration of phenytoin, its half-life may 
be reduced from 5.5 to 1.3 hours. In contrast, the half- 
life after oral administration in humans averages 22 
hours, willi a range of 7-42 Ilnurs. Plienytoin has mud- 
eraLe ability in the human Lo induce cytochrome P-450 
mixed-function oxidase activity (microsomal enzyme 
induction), Consequently, it is. a much more efficariou* 
drug foreonlml of epilept ic seizures in humans than in 
di>gs- 

Phenytoin and phenoharbital have been used in com- 
binatiofi lor treatment of epilepsy in both humans and 
dogs. This combined use is considered optimal therapy 
for epilepsy in humans (Morsdli m ll 1971). U«e of 
btuli drags is contra vernal in animals, because both 
drag-H. induce faefnlk nakornciiHl enzyme jcLiviLy. The 
metabolism (i,e„ hydroxylalion) of pltenyioin is 
increased. Phenytoin likewim increases iIh 1 mcLabdlisifi 
of phenolwbiial. This seesaw effect in metabolism of 
hofh drags complicaies successful therapy, and tte 
combined use of the drugs h discouraged (Pasicn 
] 977). 

Inhibition of phenytom mctabolivni by other drags 
has been observed in humans. Pralongiilion of the 
effect lias been reported following simultaneous 
administration of dicouuiHrol. chloramphenicoL 
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phenylbutazone, and. the phcnothinzincs. Also, in vitro 
iaUbilkm of pbHjflddn nttlabolism has been sctn in 
[he presence of diazepam and propoxyphene 
hydrochloride, The ^igrtificanct; of chi.v in vivo has not 

been determined In the dog, in interaction hiii been 
seert following Clinical use of phenyLuin and dilurani- 
plKflii^l (Sander* et nl, 197911)', The %ennn half-life of 
IV pheriyinin is increased from! 3 lc> 15 hours, Increase 
in (he serum half-life is best explained by reduction in 
rale of metabolism of phenytoin by hepatic microsomal 
enzymes.. Interestingly. the signs of phenytoin toxicosis 
are reversed within 24 hours after cessation of chlo¬ 
ramphenicol LreatmenL (Sanders et al, 1979a )_ 
Phenylbutazone is also known lo elevate plasma con- 
ccnLraCiun of phenytuin ihnsugh inhibition of metabo¬ 
lism of pbeoyftrin (ete Angelh 1979), 

Metabolism Of li number of chemicals or drugs is 

enhanced by phenytoin, These include digito-xin, dex- 

anietliusLuiie. DDT„ dkHdrin* and curtisol (Coriney amd 
Bums 1972)- 

An mtenicLkm also tidrit between phenytoin and 

vitamin B v Seram pheayioio cdceurtrsiiofl drop* after 
folic-add therapy probably because ihe hphHEylw 

wyme metabolizing pbenytoin is folate dependent, In 
humans, the usual ihcfa[v-uEie concentration of phimy- 
loin in plasma reduces (he h^lf-iifc of theophylline fa 
drug used in treatment of airway ohstruciion) and 
increases its body clearance ahnul twofold (Marquis et 
al. I9S2)- A simitar action of phenytoin upon (he half- 
life of theophylline in animals, would he expected. 

Phenytoin may prolong the prothrombin Ume (Keith 
et al, 19S3i) u Blood coagulation delects similar to that 

induced by vitamin K deficiency cun ««r in neonates 

CKpowd to phenytpin in uLlto, The ctwiijuIalHiri delccl 

can be reversed by treatment with vi(amin K. 

Ul.tJOD CCMCETTritmtlNS AND ASSCX'IAIBU TuXlC- 
ITY. In humans, mild signs of intoxication such as nys¬ 
tagmus develop with blood lewis of 2(1 |lg/mL; 
paLicnLs with levels over 40 jlg/mL have marked stag- 
IIIus and ore incwrdmuiLed and lethargic. Blood lewis 
in (he dug would probably have to increase a compara¬ 
ble 100400% over therapeutic levels as in human* 

before serious signs of intoxication develop. 

Hepatitis, jumdicc. and death following clinical use 
of phenytoin have been reported for one animal (Nash 
el aJ. t‘977). However. this animal! hud initially received 
primidone (400 mg. daily) orally for the control of 
seizures. Toxic hepawpaihy arid unnihcpytic cholesta¬ 
sis associated with phenyloin administration in comhi- 
nation with phenobarbetal and/or primidone have been 
reported in 3 dogs (Meyer and Noonan 19K1; Bunch el 
al. 1987). Induction of enzymes- may i ncrease Ehe ftn> 
fllMiun of toxic imeiflboHles arid contribute (o heputo- 
(oxicity. HepaEisImictLy due to phenyloin is more likely 
if phenytoin is used in combination therapy with either 
primidone or plutmibiirbiCal. Tux icily may be Itteted left 
generic km of Ionic metabolites. Two form* of toxicity 
appear so occur with phenytom therapy: a dosc- 

jlKlepcndcnt chronic hcpalilis which may progress to 


cirrhosis and! which appears to be reversible following 
discontinuation of the drug early in the difrcose, and a 
dose-dependent inlrahepatic cholestasis, which is 
accompanied by a poor prognosis. 


StDfc EFFECTS, Ibe side eft eels of phenytoin in a dog 
are rnoderale because it is rapidly metabolized (Cun¬ 
ningham 1984k Transient inmrdinaiitHi andoverreda- 
lion may occasionally occur following admfniRtretiQfk 
of phenytoin. A moderate degree of polyphagia, poly¬ 
dipsia. and polyuria may he seen in animals medicated 
wit h ibis dnug. Saalos-js., weight loss, andl vomiting have 
been reported follow ing line u*e of phenyioin in the es(_ 
In the horse, head: twitching occurs. 2-5 minutes after 
the end of oji I V m fusion of mg/kg (Kowalczyk and 
Beech 1983). Inhibition of release of nntidiuretio hor¬ 
mone account* for (he polyuria that develops after 
adiniaki stratum of phenylum. There is also oji inhibition 

of insulin secretiori (At Angdis 1979). 

In laboratory mice, a single dose of phenytoin 
administered to pregnant animals on the 9th-l4lh day 

of gestation produces various fetal anomal ies (I larbi- 
Stnl and Becker 1.969; Millicovsky and JohrisIHI I.9S I ), 
including changes in fe(ul growth. Embryo lethal 

dfecli were al» icpoit«d. However, the intripcrttoiKa] 

to pnxluee this t«ratog?iuc effect in 
mice is exceedingly large (7-150 tng/kgu ft hn* ben 
postulated that teratogcncsis oecitrs in mice as a result 
of formal ion of a phenytom-tpnMdc complex and its 
covalent binding to gestational tissue. Studies indicate 
that Ihe development of deft palate by phenytoin has a 
common pathway with that produced by glucocorti¬ 
coids (Katasuiiuiia ct nL I9ft2). Bsuh phgnytairi and 
gluCTCnnieold* inlobit rib^nueleie acid and protein 
synthesis in mouse feta] palaLcs. It has been hypmhc- 
sized ihal phenytoin and gluei»eortieoids bind to a com¬ 
mon cell receptor. TenEopnciis m Ihe dog from use of 
phenytoin has not been identified or reported in the vet¬ 
erinary literature. 

kkkds H hypocaioemki, decreased duodenal calcium 
transport, and rediKtiOd) of caSctuiii-biiwling protein 

have been produced in chickens treated with phenytoin 
fVillareale et al. 1974). There finding* suggest that 

dose attention should be given io the calciferol intake 
in patients requiring epileptic seizure treatment. Calcif¬ 
erol metabolism apparently is altered by phenytoin, 
which in turn leads to functional vitamin D deficiency. 
A similar effect in humans- has been seen following 

king-term use of primidone (ducussed above). 


(IP) dose required 


Bcnzikd ih if pi hits t l>iuzr pnivl. Oounzepu m. and 

□onDcptlt 



of Action. Beazoditzepines enhance 
the inhibitory effects of GABA in both (lie brain and 
the spinal cord Thus they not only decrease seizure 

spread hut ;d*o block arousal and centrally depress 
spinal reflexes. Tolerance to anticom ulsanl activity of 


diazepam develops within I week in the dug: thus, 
diazepam (Valium) \s not an effective unticonvulsajiL 
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for chloric therapy in dogs. However. IV dia/cpum ii 
uhe drug of choke for die treatment of Btdvs -epikpti- 
cu» in both dogs and cats because it crosses the blood- 
brain harrier into (be cerebral spinal fluid very rapidly. 
Diazepam (1-2 mg every H hr) Ir also the second-choice 

anticonvulsant for chronic control of seizures in the cat 

whose seizures, do not respond to phenoh^rhital; effi¬ 
cacy is equal lo phnwtwtilaL Tolerance lo the arati- 
cnvuvulsani effects of clorazepate does jkh appear to 
develop in dugs as rapidly as it due* to diazepam. 


Disposition. Diazepam is die prototype benzodi¬ 
azepine used m small animals. The drug is well 

absorbed following oral adnunisl ration hut undergoes 
rapid and extensive hepatic metabolism once in the cir¬ 
culation. Although only 1-3% of diazepam is orally 
bioavailable,. 74-KMMt of die drug avid all active 

metabolites arc available (Frey mid Usckf 1985), 
Diazepam is generally administered intravenously. 31 
can also be administered mlramuscularly. although 
absorption as not predictable lit human pediatric 
patients,, it has been administered recta I ly as well. The 

metabolites of diazepam (nnrdLazepam and! oxazepam! 
arc active, ilihnugb less so (25-33%) titan the parent 
compound However, ihe half-lives of the metabolites arc 
sl ightly longer than that of diazepam {4 to ft and 5.2 hr, 
respectively). In horses, diazepam is characterized by an 


elimination half-life of 7.5-13 hours {0.05-0,08 rrag/kg) 
mid ii clearance that ranges belween LSti and 

3.44 mUminfltg (Shini el al, 1997). Diazepam is still 
present in plasma at 24 hours. The apparent volume of 
distribution approximates 2.0-2.25 Msg. An earlier 
study (Mutret al. 19*2) found elimination half-life to » 
vary between 2.5 and 22 hours, clearance to range 
between 7 and 9.5 mLAn in/kg, and apparent volume of 
distribution to vary between L6 and J 1 Ag, Diazepam 
is up to 98% protein hound (Klotz et a|, 1976). Doses 
studied ranged from (3.05 to 0.4 mgAg. Three major 
metabolites of diazepam detected in horses included n- 
desmethyIdiazpeam. osazepam.* and n-vneLhy Ioa- 

a/epujn i [Muir ct qL. J 982). 

Following oral adimmastralion. metabolite concentra¬ 
tion surpasses that of the parent compound. The gener¬ 
ation of active metabolites complicates the utility of 
therapeutic monitoring as a guide id therapy since anti¬ 
convulsant activity will not necessarily be correlated 
wiih serum diazepam coneemratioiiti, All metabolites 
and penal drags should be measured. Meiabotiim in 
the dog is rapid 4half-life of 3.2 hr), rtura/epoice is 


metabolized m the stomach to m active metabolite- 


nondiifljepam (dc?methyl diwcptiin). which is also a 
major, although less clficacious*, metabolite of 

diazepam. 

Diazepam has been studied following ndai admin¬ 
istration in dogs (Papteh and Atom 1995; Mealcy and 
Boothe 19951. Rectal bioavailahility of ihe parent com¬ 
pound approximated only 7.5% at 2 mg/kg and 2.5% at 
0.5 mgAg in one study. However, biaavailubilrty of 
total WUlMItH WftS 79% and 66%, respectively, for 
each dose in OK study and hud a mean of 0.517% 


(range 14-81%) in aanodicr, suggesting efficacy follow¬ 
ing rectal administration (Mealey and Booie 1995). 


Preparations. Diazepam is available us both an IV 

and oral preparation; clor&zcp&ie is available fA an oral 
preparation. Cwti» IV use of the drug jaunt be 
observed. Use of diazepam in animals has not been 

approved by the FDA. It is classified as. a Schedule IV 
drug under the 1970 Controlled Substances Act. 

Safety. Sedation is the unit common direct side 
effect of tile benzodiazepines. Adverse effects i seda¬ 
tion, ataxia increased appetite, and in stun* cases 
hyperactivity) arc likely in occur if concentrations 
reach 500 ng/mL. Drug interactions may result in indi¬ 
rect side effects with chronic administration of ck> 


razepute. PhcnubarhiEul concentrations- may increase 
shunly after dofaztpie therapy is begun if the two 

drugs are given simultaneous ly. Decreased phennhafha- 
Lul ddting may he indicated. Ooruzepate ctmccntra- 
tkuiA may decrease several months alter CQnfbiMliDd 

therapy Clinically important drug interactions result- 
iig from chronic diazepam therapy have not been 



CUNDCAL Use. Diazepam is the first drug of choice 
for status cpilcplicu\ in holb the dog and the c;tl and is 
the second drug of choice for lung-term control of 
seizures in the cal. ClorazcpaLe can be used 1 generally 
in CLKiifebinsiCiijfft with pheiiobartuLal) for king-term con¬ 
trol in dogs. The therapeutic range of bnkitoiuzepines 
(including metabollBe^) in dogs has been extrapolated 
from people and does not reflect ctmibinarion therapy. 
Interactions between phenobarbital and clorazepate 
may necessitate dose modification. Monitoring 
(diazepam and its metabolites) is available through 
some laboratories, Since drug half-life is abort. boih 
peak and trough samples arc recommended- The inci¬ 
dence of adverse iffbets may be reduced by using a 
smaller dose at 8-huur intervals 


USE IN TREATMENT OF STATUS EPILF-PTfCinS. 
Because of the efficacy and rapidity of its action and 
lack of toxicity, the IV use of diazepam is the drug of 
choice for control tif status epilepticus in humans (de 
Angel is 1979). Ill Ihc dug. diazepam, is rapidly metab¬ 
olized and tolerance lo its antiepileptic effect devel¬ 
ops rapidly (Frey 1986}; thus it is nert satisfactory lew 
coni blued treat menc and/or control of epilepsy. 
Diazepam is bevt suited and is the drug of cIhulc fur 

emergency IV use in control of status epilepticus 
(Frey arid Ltehfi 1985). IV diazepam may be rivaled 
by ckmazcpam. a relatively new benzodiazepine, 
because tolerance co its anttonvul&afK effects devel¬ 


ops more slow ly. 


The onset of more than one seizure per hour is a 
medical emergency (Curmingham 19841c To term mate 

Ihe seizures in dogs,, various medusds of adini lustration 
have been recommended. Diazepam has heen recom 


mended in an IV dose df 5-20 mg am 



n an IV dose of 
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OJM mg/kg (Frey and Lfisdier 1985), Because it has a 

short half-life, doling may have lo he repealed once Or 
tuvitt during Lhe first 2 hours to stabilize the dog (Cun¬ 
ningham iyH4|i, A comparable IM dw may he given 
few longer sluhilizatioo. AllSTiatiVfly, IV phcnnharhitul 
may he |ivn r If the seuum are nol suhdued by 
diazepam. it may he necessary to give a general anes- ; 
dutkr (afit discussion below on pentobarbiLidk Another i 
jircscedure for treatment of sl-atus cpilcpLiiLus bus been 
desenbed by Avenll (1970), A doK of 5 mg diazepam (l 
is- administered slowly by ibe J V route. In (he ertnt this . 
close level to isni abolish the seizure in 1-2 minutes. | 

the dote m repeated If a rupow has not wcumd fol- j 

lowing: ihe second dose i>f Lhe drug, IV pcnlobarbital 

sodium 116J vng/kg) is slowly administered Patients 

itui rc^poend to she firsi and/or second dosages of 
dhuepani are carefully monitored and if status epilcp- 
UCBfi mams in 2-4 hours after the initial ireulment, ihe 
regimen is repeated- An oral mieofiwulsanr is. started as. 

won as seizures« abolished 

Diazepam is used in control of epileptic disiuxfcrs in 
the cal rejtiifdkss of etiology lKa.y 1975). rienerally, on 
fV dose (MO mg) Ii given m effect. A dne m high ac 

2JC) mg may he necessary; if high dosages are used, they 
must be injected slowly. The pRvedure conmonly Col¬ 
lided is to administer 2« lf> mg IV ud then wait 10 min¬ 
utes. In the evenl. ttiDHS persist, Kiiy (11175) recommends 
IV ndminidniLiuii of pbenbaiHtal sodium (5-frO mg). 
Caution must be [Liken not to oversedaLe ih: depress Lhe 
animaJ when these dnigs are alnilnluteed close Cugellier. 
Should the animid manifest refractoriness to diu/epain 
and (tHotafMll pentobuhitll uiwMhesia Ls then cm- 
fully administered to effect (see (Uranica below). Once 

the seem* bas'c been hniughl unitor L-nninJ, ural iunrti- | 

comubont therapy should he initialed Ftwob i b ila f iir 
32 mg) Ii pivun orally 2-3 tinw daily: diazepam may be 
used in place of phennhurhiul in animal* that react unia- 
vorahly toharhiliuaie therapy. DtUCpKH is given orally in 
djcsscs of 2-5 mg 2 ur 3 Limes daily Phmobuibitjl douges 
may be adjusted by incranig or decreasing iu 4-8 mg 
increments; disi/epum may be increased cn decreased in 
increments of 2 mg (Kay 1975k 

CuoNAZEZVtM. Ctotaypofflii USP (Ckmpink is a 

befUOdULMpuw derivative and is chemically 5-(e- 

ehkkrophe oyl)-1 ,3- ditydro -7- n i I rn - 2H-1,4-bcnzodi- 

uepiO'2-nw (Fig- l(2) r It is more poicnt than 
diazepam and Ls used only in the emergency treatment 
of status- cpi Icplbut i n the dog (Frey and I jttsebet I ^S5). 
Clonazepam is given IV in a di»w of 0*05-0.2 mg/kg,. 
Aecwiukiion upon conthmcd admintetfiAlonr 

However, toktfiiiwe develops due to liepmic enzyme 
inductinn within days to weeks after administration* 
Consequently, clonazepam, like diazepam, is unsalis- 
faciory in long-term control of epil epsy 


Ummidc 

MECHANiqi op Action. Bromide is LU 1 old anticon¬ 
vulsant and sedative whose merhani'tni trf WtUM is UK 


II 


NO* 



O 


Cl 


FlCr. 1*2 


enmpleiely understood (Wulh 1927), Replacement of 
negatively charged chloride with bromide has been 
hypothesized as the mechanism; the neuron becomes 

hyperpolari/ed (i.c., ihe R.MP hecomes more negative 
in relalmn to ihe threshold poieniialK, The anticonvul¬ 
sant effects of bnjmide correlate with pla*ina conccn- 

Lratitm (Gcmd 1954). tlrexnide is Jivailuble in. several 
sail forms (sodium, pouusjum, and ammoolak Differ- 

utkcs umwig the product! refbed solubility (thus ease 
of compounding) in water and che amount of bromide 
per gram of compound (i.c., mon." bromide in NaBr 
i linn in KBr becuuH Na weighs less ihan Kk 

l>jSHtxsn nY\ r The phamacoUiHtiies> of bromide has 
M been well escahlished. The IviIf-life im di>gs may be 

2J ftuys. SleiMiy sluLe ecMiL-eiiLratiLHhs uxu mri achieved 

for M months. l>isLribuLinn Ls lo eilracellular lluid. 
Bromide is eBimiitaied slowly iperhaps- due to marked 
reubsorplion) in the kidney. It* mLc of cSimisuilKm 
changes with sail administration. lik.Tea.sed dietary salt 
will iiKTCiiM! iIlc raLe of eliminaidun of hmmide (per¬ 
haps due to preferential realnonpcioaT), and decreased 

sail will cause the opposite (Rihwi and van Ijisgeten 
1975; Shaw el aL 1996). Bfomkle has \m been studied 
in cal*. 

Sidl: Emcrs. Adverse metnus to bromide me usu¬ 
ally neurological and include ataxia, groggincss, and 
sedation i.Nichols ct al. 1W6: Yohn et al. 1992). Skin 
reactions have been reported and are probably mt*re 
likely in p^uieru.s iiijii already have skfn dtew (tgu 
tlea bite denulilu). Vbmkiog ii ni?i uauwal 4ind pr^h- 

ahly icIlcutN die hypfTOHVIolality of die drug. In Lhe 
ease of acute bromide toxicity, NaCT administration 
(0,9% NaCl) is the treatmenl of choice. HcpalotoMcily 
is mrt a concern with this dnjg. 

Cl.IMfAL USL In humiins. bromide has been used tU 
LreaL intractable seizures in pediatnc pflbtdU I Woody 

1990; Bode 11 and FtMtf 1993). In Jogs bromide is 
most cdtuiudttly uud as an ‘‘add-no 1 aotkouvulsant in 

e]iLLL p pLLL: puliunl.s w Ikh haw uul hutliLiL-nily mded 



oovriahted material 
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to or cannot tolerate pbcnnfemhitnl (apKiilly due to 
hepaioimicity) (Peance 1990: Schwwc-POTsdrc nod 
Jurgens I W I ; Boothe IW4). Bcgbiik Heady Male may 

require 24 months, a loading dose is recommended to 

achieve therapeutic rancentral ions more rapidly. Ther¬ 
apeutic efficacy cannot be fully evaluated tor several 
month* following the start of administration unless a 
loading dose is adntlniMered. The loading dose should 
estuhJish steady “$.Laltf vuiiccntriAlisins. irtuttediuLdy ;mtl 

is b»*dl on u volume of distribution of 0.3 Ukg und a 
target cooeeunraiiun of 1,5 mg/inL 450-6CM) mg/kg 
over 5 ^tays plus the recommended daily dose- The 5- 
day duration of dosing reduces the likelihood of emesis 
poMadminiMraiiom Plasm u drug levels should be 
measured after loading to evaluate the efficacy of the 
loading dose. 

Bromide is nut available in a medicine grade and 

must he purchased from achetnirral company {request 
ACS- (fade). Some companies will not sell! the chenu- 

eaL if a medicinal use is planned. Application to the 
FDA for regulatory discretion will avoid] illegalities 
uaodated with the use erf bromide l ew seizure control. 

Bromide can he mixed to a cemveniem cont eniruiion 
in water (administer 44 mg/kg every 24 hr orally) or 
administered m a gelatin capsule Twice daily admin iv 
tradon may he necessary because of the hitter (sale and 
its tendency to induce vomilion. ll> primary indication 
is probably in combination with pbcnntoarbilail in 
refractory 1 epileptics. Decreasing phennhiirhital closes 
may be possible once therapeutic concentrations have 
been reached and may he indicated if animals heeminc 
groggy or ataxic. Recommended target ranges are con¬ 
troversial and depend on whether phenobaibital is also 
being given. Our laboratory uses U.S-2 mg/mL if in 
cotnbiiuuion with phenobarbital or. if sole agent, up to 
,3 mg/toL 

Pentobarbital S^hdium. P&iiittharbij&l Sw/hot. USP 
fNembutal xodiwiK Penlobarhitone sodium, Sagatal, 
Nupcnftilk admanis-tcred IV is considered the most eiTi- 
Cttbous procedure for abolishing refractory status 
£pikpiicus In the dog (Redding 1969). Pentobarbital is 
oIslp valuable in I ermi baling refractory status epilepti- 
CU* in other species. Extreme care, however, is required 
nnt to overdose. The do$4 of tile anesthetic varies con¬ 
siderably from one animal within a species- to the nest. 
Consequently, pcntobarhital is carefully given to effect. 

In humans, tonie-clofiic status, epdeptieus- that is 
refractory to phenobarbital, phenytoin, and diazepam 
ray respond to an IV infusion of peDiohaifMLd given 
contlflutsusly for several days. Then it is discontinued, 
arid oral phcndbiirfeital along with other anticonvul¬ 
sants is advocated to control recurring epileptic 
episodes. Respirator)* and myocardial depression 
necessitate EEG and cardiopulmonary momtorillg and 
support (JagLida and Riggio 1993), 

MtetdlaineOMl AntlepHrplies. Other anticpileptsc 
agents infrequently used i» veierlntQr medicine* are 
available in human medicine few treatment of vuriuui 


CNS seizure disorders. Their safety and effectiveness 
in clinical veterinary medicine have mot been deter¬ 
mined in most instances. Additionally, the biologic 
half- lives for some fe-g- valproic acid, cartsamaiepinc) 
of these compounds arc too ^hoct in the dog to permit 
maintenance of adequate drug concentrations in plasma 
and the CN„S i Frey 198b). Valproic acid (valproate] and 
carbuma/epinc: have found established places in Ireal- 

nMiE of human seizure disorders (Eidie 1991). The 
benzodiazepine derivatives, primarily clonazepam, 

base proven useful and effective in liealmenL of human 

epilepsy. The u*e of aniieonvuteafita such as para- 
medtatUoiK. akixidone* and trosiidtme (of the u&uzril- 

idinedn™ family) have declined extensively for con¬ 
trol and/or treatment of epilepsy in human.v They base 
been essentially replaced by the less toxic and more 
effective snccinimide derivatives (notably ethoMis- 
iinide) and more recently by clonazepam and valproate. 
New hydutoins (ilbninin. meduinl have been synthe- 
i/ l-lI in an attempt to find a. heiier sintrepik-ptie than 
phenytoin: to date this effort has, been unsuccessful. 

Drug* Contraindicated in Epileplic Patiml*. Rcser- 
pine and phenothiaziine and huiymplK'ihine irurHiinlitt- 
ers are eontraindicaied in epileptic patients Ihiiiik 
they can induce seizures,. Other drugs capable of induc¬ 
ing seizures in selected patients, include tneiacilo- 
prunikk ami nunrinuied! qutnolones. Morphine sulfate 
and related compounds m well us CNS stimulants cue'll 

as the mcthylxanthines should be avoided, Chliir;nn- 

phcnicol also activates ihe CNS and should not be used 

in dogs known to he subject m epileptiform seizures* 

CNS STIMULANTS. A large number of drugs pos¬ 
sess the ability to stimulate the CNS. Stimulant, nt cno- 
vulsant, drugs vary markedly in their total pharmaco¬ 
logic nclion. Some can be used for therapeutic 
stimulation within narrow limits, of dosage; others, are 

only poisons. Some, such as ephedrine. infliKiw the 

function of the CNS only seetuiduFily whale priiiLuiily 

afi'eeling another syvlem of Ihe hody r Toxic drugs, such 
as nkotine and strychnine, stimulate ihe CSS as u nun- 
i festal ion trf poisoning. Many of these arc considered 
poisons and arc discussed ueeonJingly. 

Some drugs aUceting the CMS have a specific action 
thiLl Itmits their duKal applicatiofi. Apomorphine 
hydra*Mjwidc, for example, stimulates the emetic ccnr 
iei in the medulla mure lli-iirt other parts, uf the brain, m 
■I i-s usuiU liTiically to induee emesis in specks sensitive 
to ibt action. Siimutants of the CNS such us Caffeine 
and other methylxanthines used by hutwarts slimulaie 
sensory areas of the brain to combat menud fjtigue. 
Compared to other stimulants, the melhylxanlhines 
liiive been less important in veterinary medicine. How¬ 
ever* the discovery of ihe adenosine receptors should 
jnefew inierest in use of mechytxanthine^ such us 
theophylline. 

Other drugs Lhat stimulate the CNS act directly 
on die respiratory center to counteract respiratory' 
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collapse. These Lire employed in IrttitmcnL of barbitu¬ 
rate poisoning, drowning, neonatal asphyxia, heal or 
lighlning shock, and threatened respiratory collapse 
during anesthesia. IDnxapram in an example. 

The term ’respiratory analeptic” pefers to drugs that 
ftlnilHrtB a depressed respiratory center to produce 
increased respiratory exchange. In addition to reslonng 
respiratory Fund ion, analeptics may restore depressed 
VkHUtor Sind cerebral I'untticms. including ooudw- 

ness (Wiuip Lind Ward 1977), 

Drugs- used fur analeptic effect, wish Lhe exception of 
carbon dioxide, exert an arousal effect tliuraclerified by 
a partial return of ccmsciousncss of lhe patient. Animals 
often do not rtfum to ii state of normal cerebration or 
locomotion. Animals may become Lraumalized during 
this stimulation period, 'ITie period of stimulation is 
brief. Generally, lhe best iherapy for respiratory paral¬ 
ysis is- to apply artificial tcniilaiion using oxygen. The 
incmdueiiLrti of safer and much more specific antago¬ 
nist* Hdl fls ulmOK for ihc opioid agents and yohim¬ 
bine tor a agonists and the discovery of other com¬ 
pound^ with specific ariflgooLtf activity have increased 
lhe number «f drugs available 10 ireai sclecied causes 
of respiratory depression. 

Doxaprum H ydrochksridif* Dasapram Ifydmchlo- 
rrJc_ LI-SP i.Doprflm| fe is approved by the FDA for use in 
the dog. cat, and horse. Il has not been approved fur use 
in animals intended for human consumption. Chemi¬ 
cally, doxapram is l-ethyl- 4 -( 2 -murphoLLnne[hyL)- 3 , 3 - 
diph^nyl- 2 -pyrrol idi none hydrochloride - 

PHAKMAC'OC-fKlir Consii>i[RATIONS. Doxapram is 

primarily used Id idmolilc respiratory activity in lhe 
pustaneslhetic, recovery period, Du-xapram directly 
ttkUolua trf the CWtid ami Uflk 

region* (Wang and Ward 1977), II may also stimulate 
the medullary respiratory center (Kcveringhaus et al. 
1976k Tidal volume increases as a resulL. Stimulation 

r 

of other portions of Che CMS occurs only when high 
dtwc Levels are used. Convulsions or alterations- in elec- 
trocneephatographic (EEC) patterns arc not seen with 
therapeutic levels tSoma and Kenny 1967 ), lhe con- 
vulsaiU dose of doxapram is 70-75 times the dose ihut 
stimulates ffHfrifftlfly center activity. 

Dcnapnm fa considered superior t« all combination* 
of snatefttfc age in* evsltuued. The respiratory minute 
illume i* inemnd 200% within 1 minute after admin- 
i si ration of riniapram in the dog i Klemm l^frfVi. When 
do.xapram (2 mg/kg) is administered intravenously, the 
change in expired minute volume is marked and rapid 
(Soma and Kenny 1967), The ventilatory and cardio- 
viLsculai stimulatory affects occur within cue ctrcuit- 
tkffl lime of the drug The mitral marked Increase in 
en pined minute volume is due io an increase in tidal 
volume and respiraiion rate Howewc; the increase iu 
lidal volume fa nor maintained and diminishes in 5-6i 
minutes. Overall improve merit in ventilation is 
reflected hy changes in the acid-base slams of the 
blood s well as in the oxygen tension of arterial blood. 


The pressor response of duxapram occurs rapidly 
and concurrently wiLh respiratory effects (Soma and 
Kenny 1967) and is believed tn be mediated through 
activation ill the sympathetic nervous system. An arte¬ 
rial hypotensive effect of brief duration occurs after IV 
administration of a large dose (4 nsgrtkgn this effect 
doe* nut occur when a dose of 2 mg/kg or lest is 
administered. The pressor and respiratory responses 
occur when the dose of doupmu is 001 higher than 

2 iiYg/kg (Soma and Kenny 1967), 

Studies in cuts unexLheti^ed with pentobarbital 
sodium Iki^e determined lit? effects- of bilateral and 
unilateral pncumutuxic center ablation upon doxapram- 
induced respiralory changes (St. John d ah 1973), In 
these ablated animat preparations. doxapram stimula¬ 
tion of respiration caused only minor changes m tidal 
volume, but frequency *if mpintoty acdvily increased. 

IV doses of dnqmn (1-2.5 ng/kg) were adequate lo 

stimulate effects ihmugh peripheral chemoncceptor and 
medullary respiratory area aelivation, Dnxapram- 
induoed stimulatory iniluences arising from one or 
holh these areas (i.c_, ehemn receptor and/or medialIfliy 
respi ratory center |> are integrated hy the poniile pneu- 
motiixic center. 

Doxapram has also been experimenlally used iu the 
pig. rabbit, sheep, and chicken; sheep and rabbits 
appear lo be far less sensitive lhan other species lo 

effects of analeptic agents (BefcLlii fit al, 1973), 

Although there arc variations in the degree of responses 
produced by differenl analtplics in various species, 
doxapram, when used alone or in combination with 
other analeptics, us-ually elicits marked improvement in 
respiratory activity. 


CLUOCAL USE. Use of doupflU) ill clinical practice 

in specified bv HVtml of centra I r-L'spiriiinry depres¬ 
sion from barbiturates and inhalant anesthetics. In 
neonatal puppies, doxapram can he administered sub¬ 
cutaneously or sublingually (topically on mucous 
membrane)) al a total dose of 1*5 mg. Ii may also be 
administered in Lbe umbilical veins of puppies at the 
time of birth to stimulate respiration. It may be given lo 
neonatal kittens subcutaneously or sublingually (topi¬ 
cally on imwCm membrane) at a tout dose of 1*2 mg. 

Table! 16.2 litis Mime of tlbu clinical use* iuhl recom¬ 
mended TV doves of doxapram. Doses of doxapram can 
he repealed within 15-20 minutes and should he 
decreased or increased lo achieve the desired effect. 
Efficacy decreases with subsequent doves (Jensen amd 
Klemm 1967), 

Experimentally* IV doxapram (I mg/kgl is capable 

of aitraguuimg sutautaiHHU (SC) &>Iu1m( 3 mgftg) 
in the deg i Dndi 1979). Immediately after admiiitim- 

[iu4i iiif ihixaprail 1 !. dc?gs arc able [i> Walk willhlUl diffi¬ 
culty. l>ogs given IV xylaj.ine (2.2 mg^Tcgl, followed by 
IV dmapram 15-5 mg/lcg) about 15 minutes later, were 
ahJc to walk within 3-5 minuter (Short cl al. lfWl2), 
Those treated wilh normal saline required 30-120 min¬ 
utes to recover from xylazinc. To reverse the sedative 
action of 1.1 mg/kg IV xyl-uzme in (he dog, an IV du-se 
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TuWr iO—^CIiiiiral uses and rrcDarnirnckd IV 
doses of doiaprum 
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of 1J ing/Lg Uuxupnun as sufficient in m<jrst cogs 

(Sodikuft 

lit (lit dug. IV doupnio <5.5 mg/kg ;• idtuimimd 
15-21) minutes after Dl acqpraniziK (LI mg/kg) 

induces walking within 2-1(1 minuses in 5 of 6 annuals 
studied; the 6th dog began to walk after ?(S minutes 
(Shun el at. 19K2). In control dogs treated with iHirmal 
saline. mure lhan 2 hours elapsed before any of Lhe 
animals given acepromazine could begin walking. 

Duxapram is Lhe must effective antagonist til' 
thiopcntaL-acepromazine-ancsthctized dogs t Hatch et 
aL. IWSb). However, ynkhobuic is lhe room effective 
antagonist of thiopental anesthesia in xyUizme-LreuLed 
dogs. [>njperidol-fenLan>1-pentLihflftiitaL anesthesia in 
(he dug is bt-sl reversed by IV duxapmm (5 mg/kgi plus 
a IV dose of iiaJu&ufK (1 mgftf) (Hatch el id. 1986). 

In (he hurve. clinical evaluation of dtixapram 
{055 injj/kjL) sis ;l respiratory stimulant wus conducted 
during and after genera] anesthesia with IV i qjKtkiftt of 
chloral hydrate alone and chloral hydrate in combina¬ 
tion whh penLuburbitaJ and mag.ncsium sulfate (Short and 

Qcyd 19TO). The arousal time wm reduced; icspifiuy 

volume and rate ineniiLnad iiiungJiijiely fodowiog admin¬ 
istration of die drug. No toxic or adverse effects were 
noted. A clinical evaluation of doxaprarn (0.46 mg/kg) in 
(he horse during and after genera] anesthesia with 
haluthane and methuxyfluranc indicated that duxapram 
improved vcotilaikM in horses anesthetized with 
halmhane m after ad min iit rlk m of die drug i Short 
and Cloyd 1970). However. ItMtte* in bUJUUtt RVttkd 
that haJrrihane SMte*the*ia virtually ibdkdH the respira¬ 
tory stimulant cffcei of dmapram (Kirill ;ind fie lb 
397lijL Previous studies indicated that peripheral 
ubemufeceptur-mediatcd rellexes are relatively durahlc 
and resistant to depressant effects of ancsiheiic ajemta. 
Howtwt work un lhe hypoxic chcmoreflex in dop 
ujtei5LhH!tJj£ed with huluLhane, or enflurane , 

CMtffldiiCtl (his viewpoint iWeiskopf ct at. 1974^ Hirsh- 
man et al. I977i_ Additional work is needed to neuu- 

\ne she pharmaculogie action of duxapram in hotels yud 
other species ujiesthe<Li7ed with haJothane and possibly 
with other inhalant uiraihtMics. 

Doxapraiifci (100-160 mg] is used intravenously lo> 
faciliLale enduseopie eiammalHin of laryngeal motion 
in (he bone; hyperpnea is induced in about 2b seconds 
following injection of the drug (Maris 1973)% Hypoxic 


mpbiuy activity induced by an elurphine-accpro- 
niazine mixture is only partially revened by dLuuipnain, 
so there is no overall advantage in using duxapram to 
reverse etorphi ne-uiduced hypoxia (Hillitlgc IlWh 
lu cuttle. IV duxapram (0.464X6 mg/kg) re capable 

of imnini the action of I V xyhadK (0,2 mg/kgj 
(IJcndi and Parada 19Kl ) fJ IV danpiam 11 mg/kg) fol¬ 
lowed immediately by EV 4-iinrinopvridiiie |0,3 mg/kg) 
has proven in he effective in antagonizing large IM 
doses of xyluin {Q5-0r4 mg/kg. l in Mcer* (Ziihner et 

al r 1984). 


Melhyiiuntfaine Derivatives, Caffeine, dteophytlloe, 
and theohrominc are closely related alkaloids, all con¬ 


taining the xanthine nucleus iFig. 16.3). Theobromine 
is of interest primarily m a toxicant. These drugs have 
important phurmaculogic properties in addiiion to CSSS 
stimuLation. 

Caffeine is ItHind in coffee beans in the extent of 
ahtMii i% n Theophylline und caffeine are present m tea 
leaves to around 3%, The meLhylKanLhieie esiitigNsuiuls 
afl'cel the same organs but lo a varying degree, They ill! 
stimulate Che CNS. dilate the coronary blood vessels, 
und pro mo te diuresis. However, caffeine is primarily a 

CN'S sdinuluL Theopfaylliae is better far promising 
diuresis und relaxation of bronchial smeurth muscle. 


Cahulknf. Caff‘t f \nrv USF, is primarily used in. hiimuii 
medicine. Discovery of more potent CNS ^jmulanis hus 
essentially rnuck caJl'eine nh^ilele as an analeptic a^jeni. 
Tberupeutic use of caffeine re limited in animals, ft has 
burn used experimentally as a Lcsl of hepatic function 
mow its plum etiminiiii™ reflects activity of drug- 

mrtabnhring enzymes in iln- liver tStMlie ct al, 1994). 


ACTION. Caffeine increases irrilability of the senvory 
CHtflk which ftskdu in increased mental alart—M 
Cnflcine m a pom eerebml stimulant iltuL nay supur- 
impose exee-pturtm] muheutar aviiviiy tivcr fuLigue and 
temporarily increase capacity lur mkreeuLuj work. I^rge 
dOH cause an increased motor activity that itiay lead 
to exaggerated responses LO normal stimuli. 

Caffeine will stuontlte respirdlory centers- directly 
when they an? deprcsNCd by CNS de p fC Mt drugs. It 
has been sugg-esled (hat caffeine may act by rendering 
respiratory eemeis inHic^ sensitive to carbon dioxide. 
The mrrhtftTftt &\' action of the methylxanrhiftt^ is 
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eontnovendaL Proposed rocdupisms if&elt&de iransloca- [ 
lion of incraeellular calcium, accumulation of cyclbc , 
nucleotides (G-g-*, cyclic adenosine 3 f ,5'-nuTiw •phos¬ 
phate, nr cAMPjp and blockade of adenosine ncopton r 
]"hc last may be the mosl important. Then: arc known 
cellular mechanistHM ihiough whkh indhykHKNin 
may cuat their vnrijcdl pharmacologic cficcta. Caffeine 
and other methylxanthines inhibit phosphodiesterase* 
an enzyme tbaL degrades cAMP. Cardiac acceleration 
(irom [l-adrenergic stimulation) occurs with an 
inaOR in cAMP. Arrhythmia may be induced follow- 
inu; administration of'caffeine. Drinking one cup of cof¬ 
fee can induce arrhythmia in some human subject*. 

HEtABdLBliL Caffeine is readily absorbed fan the 
digestive tract or from die slltofipjtttku in smaJl ani- 
hklIv ll is pc^ni-iilly demethy kited Id theophylline and 

theobrooine itnd ether metabolites before it is excreted 
in urine, hi dofs, caffeine distributes n^ttBy to a vol¬ 
ume id' O.K LAg and is minimally (83S ± 1&% wl 
2W Jlg/mM bound to scrum protein*. It i* ehuracterijcd 
by a clearance of 2.05 ± 0.1 mL/min/kg and an elimi¬ 
nation hall-life of 255 ± 7b minulcs tRonthe ct al. 
IW4). [.iver lLi-^si.sc results ir« devre;t\*rd ;mil 

an increased elimiftilion half-life (750 ± 45Q hr i 
(R-oolhc ci al r 1904 k 

In the horse, fed lowing ml adminisenuion of 3 £ caf¬ 
feine, about VA of the dose is eluiuiuued unaliercd in 
unne during the tirsL 24 hour* I Tnbin et al. 1979 k 
There is no evidence Lhat caffeine is conjugated in 
horses as cither elucuronides lit uiylsallates. However, 
traces of theobnomine arc found in horse urine for up> to 
10 days after a dks« cf calfeine. IbHbfHUuK b found 
m SuffljMdll yiiajtijLies to make urine ttri positive for 
eatfeine. Use of caffeine in the competitive racing ffllih 

er'iLdl il illegal 

TOXICITY, Caffeine ha* a wide margin of safety. An 
excessive dose can produce convulsion** but the 
amcHiint is of such magnitude as to render clinical 
occurrence unlikely; Ac fitA the convuKions are epilep¬ 
tiform. but lalcr Lhey become tonic as the effed of caf¬ 
feine descend* to the spinal cord. The convulsive effect 
may he CHHIfllCied hy tditlinirtrtbofl of a lubiunte, 

A lethal dne of caffeine administered piuxuterally in 
the dog and eat is I KM 7 5 iiigAtj: and 80-150 injc/kg, 
respectively, 

AtdNtfHVUJNa. Ammop/sytlm, USP (theophylline 
eLhylenediaminel, is one of the menu soluble salt forms 
of theophylline. It has a brief but p<*enl action in sim¬ 
ulating: diuresis. In Ubonitofy animals, theophylline 
has been shown to dilate coronary blood vusdk This 
effect is highly beneficial because the increased Mood 
flow ihat it brings to die myocarditis iocRuea 
mechanical efTic ieney of the heart. Theophylline m an 
inhibitor of phosphodiesterase, an enzyme that 
destroy* cAMP 

In addition to idhibildry action upon phosphndi- 
esteniM.'. the metbylxsmlhirie* block the action of 


' adeKHne {A, and A a flecepiors; also referred to in 

, some literature Nuuiees as piLiinocvpinrs or ? and p, 
receptors!) in a competitive manner (Kulkami and 
Mehta IWl). Adenosine is. believed to he a ikiituiik'hJ- 
ulatnr in the brain, because il modi Res adrenergic ncu- 

ir^irariMiiissiLKife by inhibiting: iHirepinepIvnne rvle-iise in 
various tissues. It is also recognized as having -sedative 

and anLiconvulsanl activity; CdHqiWllfty, the effects 
oi adenosine arc opposite lo those of theophylline nr 
cjJTeine, 

The CMS dcpressanl activity of adenosine if 
believed Lo be potentiated by diazepam and related hen- 
winjiazcpines: e.g., it has been suggested lhat this aciion 
is due lo an inhihiEiou of adent^sine uptake in ihc brain. 
Purine ndcofudes related to adenosine (e.g., inosine 
and hypoxanthine) may be codogcnoas ligands for ben¬ 
zodiazepines. Thus. benzi.xliazepmcs such as diazepam 
may eutt their pharmacologic KtkHB by displacement 
Of by mimicking these ligand*. In human*. ainini> 
phyllinc i* a potent antagonisl io ihe *edaijve and CSS 
depressant actions ol diazepam (Arvidsson cl al- 1 
Marrnsu ci si. I fWt5). 

Inlcrcstingly, morphine enhance* Ihe release Of 
efflu* of iidtfiio*ine from hriun tissue, tl i* believed 
lhai some of the aeiion of morphing my bv cnedi a 
ated Ihrough adenosine PKqpteFS (pwillOHptDn) 8 

a Knit of ado&osine release. Melhyliuthiaea, 

adenosine amajonisls, have been repuned to inn^ig- 
onize the inhibitt^ry effect of morphine upon release 
of acclvlcholine (AThi and other NTs (Kulkarni and 

"IP " “ • 

Mehta I9J44L Additionally* morph ine-indueed 

deaths and inhihilion oJ elcelricullv induced CLinirae- 

■ 

lions of the guinea pig ileum can be intigonizcd by 
theopliylline, AlAO s pretmitment wilh naloxone Kin 

amagoruat of nurphiM^ porentiates: the toxkily of 

tbtophy I i i 0j@ a 

TOTKTTV. ■Generally, large doc^es. of methylxanihincs 
arc required tes produce toxic efiects in animals. There 
is lw specific antidote for the methyl xanthines. 

Compared to Lhe dtjg, the hone ippesn lo be more 
sens hive io ihe CSS aeiion of iheophylline aod ocher 
melhylxiinthme deriv-atives. Side effects such as apiin- 
tkd, mmm, hyperesthesia, sweating. pOilyfMea, ^ind 
tjiehycardia occur in the Itone ulcer an IV dc let of 

15 njt/kj liKophyliine (EirecaJde cl al. 1985k CNS 

effects 4ue moderate at 10 mg/kg and mild nr absent at 
5 mg/kg folkjwnlg its IV administration in hnrws, A 
pla*ma thetiphyllinc concentration of 15 mjzymL is cat 
*itkTed Lo be the upper sale limit in horse* (E:rrecalde 
et ai IMSk 

A clinical case of aotbophylliK Cost icily occurred in 
swine from Lhe inadvertent packaging of 1 his product 
by a manufacturer. Tile cwner beliewd lm w^s Admin¬ 
istering piperazine adipate to his pigs for antlielmintk" 

purpnoies. After administering lhe rwmuwuU dw F 
5 out of a total of H pigs died. Some of the clinical signs 
of the vurvtvnrs wore intense excitement and incoordi¬ 
nation. They staggered as they waLked and then lay 
down to thrash or puddle then feet. 
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CLINICAL USE, Melhyhanlhines ure lately us^d for 
(MrCNS stimulant activity in animal*. Their effects as 
CNS stimulants arc of clinical interest primarily m a 

sign of toxicity when used tiienpeufiK&lly (c.g,. as 

toronchodilatori) or diagnostically le.g. r caffeine as a 

test of hepatic function). 


Antagonists 



4-AMtNOPYRlDiNE. 4 - Am imopyridm* (4*AP) has 
poieni CNS stimulant activity. in overdoses it is a 
convulsive agent. 4-AP has been used clinically in 
human for several years in Europe as an antagonist &> 
rf-tnbocurarine, li appears io facilitate neuronal 

uptake and enhance AOi release in its antagonism of J- 
ttibocurarine lliwJ oLher nondepolarizing skeletal muscle 
relaxants. In addition to its probable action upon Ca**, 

4-AP produces a selective block of K* channels in 

excitable membranes (Closer 1982}, 

4-AP is also effective in reversal of intercostal and 
etkiphragmatk paralysis induced by aminoglycoside 
antibiotics, such as neomycin and dihydrostrcpio- 
Htycin. because of its cholinergic activity involving the 
neuromuscular junction, 4-AP has been used effec¬ 
tively in treatment of Cbairidium hoiutinam paralysis. 

The action of 4-AP uptun the CNS is m A well under¬ 
stood. A number of NTs apparently are re leased by il i n 
1 he brain. Consequently; 4-AP is oplbk of antagoniz¬ 
ing several CNS depressants partially or completely. 

In humans, 4-AP in Stic same IV dose (0.3 
ihal safely antagonizes effects -of J-lubneurannc and 
pancuronium increases the rale of recovery from 
diazepam-ketamine anesthesia (Agoston ci al. I I98U). 
In veterinary medicine, 4-AP appear^ 10 have consider- 
able potential as an antagonistic agent for acedefiilitig 
recovery fmrm a number of CNS deprcssanLs. 

Studies iu the dng. have revealed that IV 4-AP 

(0,5 nigflfg) combined with naloxone {0.04 mg/kg) will 
unndiately ri-yerse the iitanvJeptujiijJgesic action of a 
druperidol-fciUanyJ combination IJ4 «.k^iIi et al. IK!). 
Mcwfwer. it is effective in combination wiih yohimbine 

as an antagonist of xyliitine sedation in the dog (Hatch 

et al. IV 4-AP (03 rogflsg) pita IV yohimbine 

(0125 mg/kg) aniagcwiizes the standard clinical [M dose 
of xybudne (2.2 mg/kgJ as well as Lhc 5 times overtime 
of 11 mg/kg, The combination of 4-AP and yohimbine is 
also effective in reversal of xylaj.me used! with a large 
dose of atropine (Wallner et al. 1982} and in reversal of 
acepfumazinc-xylazine in the dog (Cronin et al. 1W?), 

In ihe ear, IV 4-AP (0.6 eng/kg) plus IV ynhimbim- 
(0.23 rrig/kg) appears lo be u sale and effective partial 
an^gonisi of IM ketamine (20 mg/kg) anesthesia (Hatch 
el; 41, 1983a), Cal* pretreaied with IM ucepronuLtine 
(0.25 mpfltp) and ancsihctired hy IV pcnlohurNtid (16.8 
± 3.8 mg/kgl can be aroused hy an IV comhinatmti of 
4-AP (0,5 rngJkg) and yuhimbine (0.4 mg/kg}; yohim- 
Mik enhances the antagonistic action of 4-AP (Hatch et 
at. 19S4 a)_ 

Thiopental anesthesia is ajitagonired rapidly and 
permanently in atropinized (IM dose of 0.05 mg/kg} 


cats preUeated with IM sylazine (2.2 mjflcg) and 
given IV 4-AP (0.15 mg/kg I with IV yohimbine 
(0.125 mg/kg) (Hitch ti al. 1984b). Meperiduie-iKepm- 
luzn-penbobarbiliil iuiesihesiii can be smoothly and 
pcnuaiKftily reversed within minutes with IV 4-AP 
(0.5 mg/kg) plus IV ynhimbiie (0.4 mg/kg) in the cat 
(Hatch el al. 1984c), 

In cattle, the combination of 4-AP plus doxapram is 
considered Lhc most efficacious unLagonisl of xyla/me 
sedation (see discussion in this chapter on dnsapram.lt 
The pharmacokinetic characteristics of 4- AP have been 
determined in cattle I Kitzman et al. ItiEJhj. After an IV 
injection of 0.3 mg/kg T Ihe distribution half-life i\ 12 
minutes and the elimination half-life is 129 minules. 

in Ihe horse. 4-AP ikNK eg die be si luitugonisl of 
syla/.inc-ketamine anesthesia (Kitzman et al. 1984cX 
An IV dose of 0.2 mg/kg reverse* IV ityltzine Cl.l 
mg/kgj plus ketamine (2.2 mg/kg) anesthesia. The 
pharmacokinetic parameiers of 4-AP have been deter¬ 
mined In horses (Hendricks et all. (984), Alter a bolus 
fV injection of 0,2 ngftg, the distribution half-life is 7 
minutes and the dimiiufioti huff-life is 259 minutes. 
The eliiEnlnfition half-life of 4-AP in the hoH# is tw ice 
that of ante (Kiizman et aL 1984b L Alsu, the horse has 

a longer el iminatinn half-life than the dog (2.1 hr. Rupp 
et al. 1983) and the human (3,6 hr, Up et al, 1982>, 
Frnm a toxicity standpoint, the horse appears to he 
cpfGe sensitive to 4-AP; the lethal dtwe \s estimated at 

2-3 mg/kg (Ray et at, 1978).. Methodology for detect¬ 
ing 4-AP in horse plasma -as- low iis 25 ng/mL has been 
developed (Bendricks ei al. 1984 k 

In (he goat, IM nyluzine (0,5 ngAtg) ^tiiiineferi sii 
2.5 times the ^Landard dosage hn 1 Ins specks ylmig 
with 0,5 mg/kg alropbe is antagonized by an IV dew 
of 4-AP (0J mg/kg) plus yohimbine {0.125 mg/kg j 

(Jensen et -iiL 1983). Also, 4-AP plus- yohimbine has 
been used to antagonize the combdnuiion of xyla/me- 

atnopine in white-tailed deer; North American oner*. 

mas, and giraffes (Jensen el al 19831, 

In moose {Ato fl'to.J, mule deer (Odot&ifcm 

fteinitwm i, and whiLc-Iailcd deer (OtiiM-fuitruji 
unufjt, successive IV udministnilino of 4-AP (6,26 mg/kg, 
muOsc; 0,29 mg/kg, deer) plus yohimbine (0.15 mgAg) 
mirfeedly enhances the speed of recovery from 
X\ Lazire- i nduced itntnobiI izalkm I Renecker and 01 sen 

19S5). 

4-AP has not been approved for use in animals by 
the FDA. Studies on its safety and efficacy will first 

need to be conducted* as well as tissue residue siiidies 
in fixKbpeoduGijflg animals. 

YOHSWBINE Hydroo hTLOftlPi^ Yohimbine hydrochlo¬ 
ride is an old drug alleged to have aphrodisiac chatac- 
Lenstics. An indolealkylamine alkaloid, it is futind in 
niuw-olfia nool and is structurally similar lo reserpine. IL 
is a cnnipeiiti've AnUtgonivt. It disappeared from cli n¬ 
ical use and became an obsolete drug many years ago, 
However, yohimbine is again serving; as an important 
pharmucokigic tool as a prderred ii^-atlrcncrgic block¬ 
ing agent (Starke et al. 1975). 
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In the ly^iH, a number of investigators proposed that 
activation oi LL-ntral Qt-^tnCAdgk receptors induces 
sedations in sleep. Agents such v& xylazine and its 
related derivative chmidme induced sedation aiul/w 
sleep. U wus learned I hat yohimbine could antagonize 
lhe sedative or sleeptike effects of ckinidinc in mice 

and chickens (Delbaire and Schmitt 1973). Moreover. 

■ 

ie was discovered that yohimbine amagonized Ibe anpl- 
gcxie aetiviiy of xylazine, an ti-sympaihmnimctic 
agent, in the mi (Schmitt et al B 1974), The sedative, 
sleep, and analgesic actions produced by xylazine were 
attributed to its agonist effect upon ti.-adrencrgic 
receptors in Lhe brain. Consequently, yohimbine, pipe-r- 
oxan. and lolozoline, which preferentially block 0L- 
adrencrgic receptors, aie capable oi' antagonizing the 
ad ions of xvlazinc and clonidinc. Addilionallv, vnhim- 

■# “ " “ " “ “ " “ T 1 T 

bine partial I y antagonizes other CN$ depressants that 
affect synapLic mechanisms such as barbiturales 
(Hatch 1973}, ketamine I Hatch and Ruck 1974 ), and 
haBrtJiittjriaa (Lang and Gershon 1963), Jlius. by 
binding on the same pvdoniiil, or primary <ti,-adren- 
agic) B and secondary (“cholinergic^ sen.4unergk\ 
OABALTp.ic) receptor sites as some of the CNS depres¬ 
sants, yohimhinc serves as an effective antagonist of a 
number of CMS agents. Xylazine. in particular, is 
antagonized quite effectively by yohimbine. 

In the doc;, yohimbine is more effective than 4- APor 
doxapram in antagonizing the eflecis of xylazine 
(Hatch cl nJ. 1985a)- An IV dose {0.2 mp/kg) reverses 
the effect ot a standard CM dose of 2.2 mg/kg xylazine, 

IM Kyldn (11 iqg/kg) 5 rimes ilsv standard doR can 
he antagonized rapidly and cumphicly by an fV dose 
of IM mg/ltg yohimbine (Hatch el al. I9KSa). An IV 
combination of yohimbine (0.25 mg/kg) and J-AP 

ms mgj'kgjf can reverse peotobtfUtd anestfaetka in 
aLTopinired dogs that are given ]M HylullK (2.2 mg/kg) 
premeditation; litis dose of lyhilK decreases iln r 

required dosage of patntartutd about MMb (Hatch el 
al. 1983b), Hsu (1985) also observed chat xyla/ine- 
pemobarbital ancsjhexia can be antagonized by yohim¬ 
bine. Yohimbine also antagonizes the cardiovascular 
effects of jing Mingling, a xylazine analog (Hsu et al. 
J9H5a), 

The hypertensive. hypotensive. and cardiac slowing 
actions of IV xylazine ( I mg/kgl are antagonized in the 
dog by an IV dose of 0,1 mg/kg yohimbine I.Hsu et al, 
19B5a). Yohimbine, administered ax a single IV dose al 
0.1 mg/kg in dogs anesthetized with perafcobafNiik 

increases systolic arterial pressure, hcan rate, and car¬ 
diac performance (Andrejalc cc al. 1913), 

In cate created with IY1 accproniaziiK (0,25 mg/kg i, 
an IV combination of yohimbine (11.4 mg/kg j plus 4- 
AP ms ng/kl) is the moat effective antagonist in 
reversal of anesthesia induced by pentobarbital i Hatch 
et al. 1984a). Yohitnbanc enhances the antagonistic 
actions of 4-AR In cals anesthetized with penlobarbital 
and premeditated with IM xylazine (2.2 mgtegl. [V 
yohimbine (0.4 rng/kg j ilclTc cover by ilsulfl Yohimbine 

and 4-AP will partially reverse lhe anesthesia^ brn nor 

cbe CLitaplexy. asaoeiated with ketamine (Hatch cc al. 


mUl Jensen (1985) has reported LreaLing an owr 
dose til xylazine in a cat with yohimbine. An IV injec¬ 
tion of 0.1 mg/kg yohimbine exerted ilx effect in about 
2 iBiaiifitt; the cat regained amsciousness and w-a*clin¬ 
ically ncKTinj] within MJ minutes. 

In the pony* JV yohimbine (0.1 mg/kf) reverses 
anesthesia induced by a combination of xylazine and 
thiopental iHsnci al. 1985b). Also. TV yohimbine (0.1 
mg/kg) h effeciivc in reversing anesthesia induced by 
xylazine and pentobarbital (McCmidcr and Hsti I9tt5k 

Yohimbine has been used to reverse the immohili/- 

ing. effects of xylazine and xylaz.ine-kecaminc combi¬ 
nations m exotic species. In the African elephant tran- 
quilized with ketamine (11.3 mg/kg|i and xylazine 
(0. I mg/kg), amusal occurs within 2-3 minute* after an 
IV injection of 0,125 mgrteg yohimbine (Jacobson and 
Kollias 1984). In African elephants, dromedary camels, 
sika deer. Kre David deer. Uarbanr sheeps, -and spring¬ 
bok immobilized with xylazine or xylazinc-ketammc. 
IV yohimbine (0,125 mg/kg I alcme or m combination 
with doxnpram (0.4 mg/kgl produces standing within 
4 minutes after injection. 

In mule deer, ketamine 19.2 mp/kg) and xylazine 
(0.73 mjykg j anesthesia have been reversed in an aver¬ 
age of 8.2 minutes by EV yohimbine (0,125 mg/kgi; 
although unspecified, administration of ketamine and 
xylazine was probably by lhe IM route i.tjullct 1984). 
Mule deer given xylazine alone at 0,75-1 mg/kg regain 
amhulalticry ability 3 minutes or less alter administra¬ 
tion of IV yohimbine (0.125 iqg/kg). Yohimbine has 

also hecn used in a ftw dk ami bighorn sluxp, Accord-* 

trig in Gullet (1984X the drug has poteotiil for increas¬ 
ing undwtic safety aud human handler safety aud for 
saving wildlife igcndcs hundreds of hours- of labor. 

FYetreairiieru with IV yohimbine (0.1 m|/kg) pre¬ 
vent sedation, bradycardia, sinus arrhythmia, and arte¬ 
rial hy p e r tens io n induced by amttnz (Hsi el al. l98b|i P 
Amitraz apparently hss «,-^wJrenergic agonut activity, 

Use of yohimbine in uumab has not been approved 
by the FDA. Bcl'cnc it can be approved for use in 
ftxKl-producing animaK, tissue residue studies must be 
conducted. 


Toi-Azoijxi: HydhXmjOride. Tbhuptm Hydnchlo- 

ride* LISP (Priscoline). is chemitally 2-benzyU 
2-baaJduolllK. It has U wide range of pfcumacologk 
efFecls ineEuding adrenergic blocldng. sympith- 
mihinieiie. jnirihistarninic, a»Hl ami hypertensive aclimis. 
Tohmlhm hox been used primarily in human medicine, 

Since tolaznlinc is an Ct-adnflCl|k bkiekinp agent, 
it has hcen used in the reversal of xylazine sedation. On 
the dog, IV Lnlazoline (5 mg/kp) reverses IV xylaz.iuc 
(LI mg/kgi 1 Tranquilti el al 1984),. Animals anes¬ 
thetized with xylazine-huloLhanc require increased con- 
ceuLratiufi of halutluiiK after Eolazolinc blocks Lhe 
action of xylazine. 

In sheep. IV colazidine (2 mg/kg j antagonizes 2-4 
tidies the BC«IlfTWIKta) lIomt of nyladlH (Hsu Ct flj r 
19H7), It reverses lhe bradycardia and tachypnea 
Induced by xylazine. 



n L-' v 




Chapter (TA t AKTIC-iWViiAANT mems and Ami.EFnc: agejxte t Dun n M. Bomhe l 279 


i 


Tnlj/olsrK- (QJ rng/|£j)by the IV route has been used 
«o anta^fOfliZJ! Kyl^inc-keliuiiine irnninbihraliDTi af the 

juvenile Afticara ekphatu (Allen 1986) Its i*dininKLra- 
don induces rapid ajouSiLl and recum lo mnbililjv 
In lings, IV kilj/.ulLne (5 me/kgj antagonizes the 
apparent X-jdjener^k agonist action rtf jivnilni/ (Hsu 
ct al. I Wki 

Tblufilinc Is less potent than yttMmMfte «is an a : - 
ulicuagic blacking ugem. It has not been approved by 
the FDA few use i n jntmijJs. D-yCui are needed to dtcermine 
its safely and efficacy llv an anlugontvl of sylanne and of 
Other drugs that have a -axlicncrgii: ajjnnisA activity. 
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PHYSIOLOGY 

AND PATHOPHYSIOLOGY 

OF BEHAVIOR DISORDERS 


Lilllc is known regarding ihc cellular mechanisms nF 
abnormal behavior in humans of animals. TTie most 
lately neu retransmitters associated with abnormal 
behavior arc assumed to be those targeted by drugs 
umiJ to modify the Ntevisant. Eltese indud* the bio¬ 
genic amines, serotonin and hivlamme fli, subtype}.; 
ilw monoamine dopamine; die eaceeholaminc norepi¬ 
nephrine; acetylcholine; y-iiini nobutyric acid (GABA ft 

and excitatory amino acids (Overall [997; Simpson 
and Simpson IW6), 

’Flic drugs most effective in modifying bchav ior tend 
to be selective for serotonin (e.g., fluoxetine. 
clOffliprandlK). Some n| Ladies support serotonin as the 

most likely ncuroJniisvniHer associated w ith abnormal 
behavior. For example, in eats, activation of serotonin 
receptor subtypes S-HT |A and 5-HT 1ife{ in the hypothal¬ 


amus nnxju kites the expression of rage behavior 
(Shaikh cl all, 1997), Serotonin is synthesized in the 
hfiiirs from tryptophan. Of at least nine serotonin (S- 
hydroxytrypLannine. S-HT) receptor subtypes Sound in 
the body. Four appear to be particularly important 
(Simpson and Simpson 1996k Serotonin receptors dif¬ 
fer in anatomical location and behavioral roles. The 5-* 


HT, receptors, lifted primarily in the brain, arc pre¬ 
dominantly inhibitory (inhibition of a deny I cyclase), 
both pre- and pnsisynaptieally. They appear to affect 
mood and behavior (Overall IW7). Regulation of sem- 
Knh aetion is complex, involving both pre- and post- 
synaptie mechanisms (Simpson and Simpson 199b). 

Norepinephrine, the end product of' dopamine oxida¬ 
tion. is inactivated primarily by active transport, i.e., 
reupiake from the synnptie-clefl presynaptic vesicles. 
It is deaminaied hy mitochondrial monoamine oxt- 
tlaves. Norepinephrine is located predtHninanlly in Ihc 
gray matter of ihe pons and in the medulla. Norepi¬ 
nephrine interacts with d, (via. Ci-protem-mediated 
activation of phospholipase C anti subsequent forma¬ 
tion of imsitol triphosphate) and fi receptor* (via acti¬ 
vation of atknylyl cyclase) posisy naplktlly. Interac¬ 
tion with cl, receptors (also via G proteins) occur* 

presyniptieally. Norepinephrine appears tn affect 
arousal, fitnettuMial reward systems, and mood. The last 
effect may reflect a decrease in depression and an 

increase in mania. 

Dopamine is synthesized from l.-dopa in presynaptic 
vesicles; L-dopa is produced from dietary tyrosine 
(Simpson and Simpson 199b) 1 . Tyrosine is first Oxi¬ 
dated (by tyrosine oxidase). then deearboxylalcd. 
Dopamine is metabolized by monamine oxidases 
(MAC )j and catechol -O-meLhyllranslerase (COMT). 
Dopamine receptors are distributed throughout ihe 
brain, but less, so than norepinephrine^ Dopamine 
appears to be largely located in the midbrain, hypDlhal- 
tfflUs, and limbic system (the pan of the bruin thought 

to control entMioias) (Simpson and Simpson 19%). 

Dopamine receptors fai tept five subtypes) also -are 
found ill portions of the exlrapyramidal system respon¬ 
sible for coordinated movement (Overall 1997), At 
least four dopamine receptors are affected by nu»d dis¬ 
order and sEereiXypies; increased dopamine appears to 

stimulate the&e sibnurmyd behaviors. (Overall 1997). 

GABA is a major inhibitory neurotransmttter. being 
active m 30* of the synapses in titam human central 

nervous system ICNS). Il Ls formed from glutamate. 
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which i* widely distributed throughout Che brain. TWO 
primary receptor typH, OABA a -iuird QABA^, appear to 
CftUH ptVM.\ynap<k inhibition by fadlfeCiLli ii|± ehlitfidc 
ion influx into Eh c neuron. Several drags, including 
hcn/tKliiuepints and harhiturn.le*> (sueh phenLPhurhi- 
ml), iiiLenul with the receptLW in an agonistic fashion, 
causing neuronal inhibition (Overall fc997). The physi- 
ukvgii: and bduvitfll eflbcti of GABA and ilk reccp- 
tuts have not yet been well churaclcri zed (Simpson and 
SifflpiH 1:996). 

EuiUMy neurotran^mittcrN mav faUitaK and cause 
or he UftKimed with several abnormal behaviors. 

including aggfrafve, Impubive, and Bchluphrefttc dis* 
ordcrv in bnmani. Among rhe dhk important 

tory RHHVtniunjltBta ia glutamate. GluLamale is pre¬ 
formed and ddnd in synaptic vesicles ihal arc released 
by calcium-mediated mdocytoilL Barbiturates .and 
pro|nterou niudiilaic bdavkr, in pari, by inhibiting 
calcium uptake and Lhus the release ot glutamate aC the 

neurotraifcsmittert Overall 1997).. 

Acetylcholine is the most widely dUtribated neuru- 
fnmltler in the brain (Sfapp«M and Simpson 1996). 
It is produced from choline and rapidly metabolized by 
accfyicholiKtacnM. It tends iu be an excitatory neuro- 
transmitter. Like glutamate, il is prefonixd and Stored 
m the terminal end ol the synapse in wacki that w 
stimulated by ctkittm to release the neumtnuutirioer 

by flUXylHit. The primary significance of AGefyl- 
choIlK and bchavior-mudify irag drugs is the likelihood 
of adverse irictiw LieeuiTing when M receptor* w 
antagonirjed t Overall IW73, 

Because neurotran.smitters tend to lx- formed and 
degraded Locally, both Ibnutkn and inhibition offer 
phajniajeologic targets. A number of drug* result in an 
increase m die presence of iteurutranwriicters in the 
synaptic cleft by inhibiting cither the vnelahulis-m 
fe.g.. dopamine) mt tifae rcuptafce (e.g. § Ufotoaln* nor¬ 
epinephrine) of the neuroLransmi lilt following release 

<n* i7.i ). 


DRUGS USED TO MODIFY BEHAVIOR 


Drugs that modify behavior include the antipsychotic 
drag’* (predominantly antidopaminergie in action), 
amioseketive drug* such as the azapironcs i primarily 
anLi serotonergic in action I. drugs used to treat affective 
or mood divurderv (an Li depressants, lithium, and 
wl cotad aiiticcsnvulsant drugs ) p and drugs used to Lrear 
anxiety and related disorders (anxiolytics, minor tran¬ 
quilizers, benzodiazepines). Cither drugs include anti¬ 
histamines, beta blocked, prupestins, anlvcoiivuLsunts. 
and opioid antagonist*. Many of these drugs are also 
used lo treul Lrihcr disurder* and may be ditrussed else¬ 
where in this hook. Only drugs that have veterinary 
application are dKUned. 

Cm miLsi be taken to distinguish behavior that is 
perceived So be atehirmiil by the pci owner from normal; 
hehavnvr, Pharmacologic management of abnormal 
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behavior -should be approached as an adjunct, and 
specifically a* a facililator. lo normalising bthivltt 

rather ihut a* a cure. A number of undn| lechniques 
h;i\e been recommended by nuoy animal bdutviorifte 
(UndalHB 1994= Volta l9SSn,l>, 1992; Houpt 

I997*i,b) r Abnormal hehasiors char teLjuire Llnag ther¬ 
apy should he sivn.ultarxsnu.s-ly managed with bchat ioral 
modiilcatinn training (e.g., deereasing anusal and fear 
cm faeililale learning a new behavior, Juarbc-ni,i7 
I997a,b). The use qf hehaviLV-nvodifying drugs is iuic 
well studied in eats and dogv and recommended indi¬ 
cations are rarely based on wctknntnillcd clinical tri¬ 
als In udditiou. many of line drugs used to modify 

behavior cun cause serious side tfftctt,. ftnd the mipfv- 
diciaNliiy of plasma or Tissue drug eoneencriii ions 
vnereases the likelLhiwjd of adverse reactions. Many of 
the side effects may nm be readily ubsened by the pet 
Owner, further incnca>Lng the risk. Finally, slow 
KSpnu to therapy may lead to unsupemsed muiiLpu- 
laLion of during regimens by the pel ow ner. again pne- 
dispHis-iug Che animal lo adverse reactions. Owttlt 
should K 1 well COllKled regarding the risks and bene¬ 
fits Lhf Kchuvkr modifying drugs. Including potential 
changes in behavior thjt may he lesv desirable than the 
behavior latgeicd by Che drug. Although imuiy drugs 
KCHMKflded for use in dogs, and ctaj are approved for 
human but ntsl veterinary u*e. behavutf-mpudilying 
drugs stand out us potential adverse nsks (l<*hnson 

19911),, Ohtninirig Informed owner coiueil is ptukil 
prinwr lo implementing ihetypy with these drugs, Cau¬ 
tion shield also ho Liken io prevent substance abuse by 
pet onracnL 

Mmiihiring scruici drug QQBCMlrarinnB illay he of 

benelit for selected drug^.. However, nmfiilonng must 
be performed in conjunction with clinical response, 
including both efficacy and slffly. Anlideprcsvunls 
should be used cautiously or nut at all in patients suf¬ 
fering from metabolic illnesses. Adequate Lime must he 
given before a drug or a dosing regimen is considered 
to have failed. At least [wo drug eliminatiun half-lives 
should elapse, lu general, combinations <if K'liuvior- 
modifying drugs sfnwld be avoided. One drug should 
be: withdrawn, often slowly, before another is begun. A 
drug-lhee pencil of two dra^ etiminatum hatf-hves is 
rcecwnmended tn humans before a new drag m begun. 
Generally, 10-20 days should elapse 1 'lk a shcrrt-ucling 
drug and up to fs—weeks lor longeT acting drugs 

(Overall 1997). 

The dencfiptions of drug NH p rapy for sdecled hehav- 

ilks iIlu follow (in atsL>Table 17.1 \ are not intended lo 
he used as a ‘"cookbook"" approach to managing abnor¬ 
mal hchat Lor i n (kigs -and cuts. Rather, cl i nici aus slmu Id 
familiarise duflbttvs with the assumed behiviorand 
its proper nondrug behavii.Kal mod-iUcatiou manage¬ 
ment. Clinicians should he thoroughly familiar with the 
drug to he used Ikviiuse kkdlcAttom aru len w iili 
these drugs, emphasis should be placed on side effects, 
drug interactions, and ooniraindicalions. Consultation 
with a vcierinary animal hchavnrist is sLrcsng ly TL-cnm- 
mcntkd prior to implementing any drug therapy. 
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released fran the ptctyjaplk : neural into Hie qnuptE cleffi wad indcnct with posteyniiplk: nrccplm. Fdkwin^ ciocvtroit. 
iBKiLvAtjofl of the (ausniitbcr wans primarily by iGuptiko into the pmyiu|ilic nwreiL the rile of notion of most Nfumor- 
modsfymg drags (TCAi = tricyclic antidepressants:; SSRIs = selective serotoniin retiptake inhibitors; KE = iMBjnnephriiiBjL 
Activation aba may invulve metabolicdegnutiuofii as in die ease of the rnonuminc osklases (hUD).(lqiriiiini with* permn- 
ikm. front HkwiiB in press, ) 


AM (PSYCHOTIC BRim Ftychotk di«onten in 

humiiiis involve a wrvere disturbance of bruin function 
characterized hy thought Mid speech disruption and 
hullucinuLiiin* or delusions 1 .Simpson and Simpson 

iy%). Although [feydnlk dUacfdm do nut occur ifi 

veterinary medicine, drugs developed |br their man¬ 
agement in humans have pro v en efficacious for a num¬ 
ber of vdainDi uppEkulikmH. Antipsychotic drugs 

CuImo culled neuroleptics ac major Lrafltiuilizgfsi include 
the pheraodiiaziMSs thif^afifhenes (structurally related 
to the phenothiajiucs), heterocyclic ditouepinSp 


butyrophenones, and dkpbenylbufylpiperidires 

iBaldcssarini l99fifl)(Fi.g- I7J). 


Si fucE u re*ActWity Kdul iun ship, Anti psycho! in 

drugs are ol£|oriad by structure and by potency, 
Low-potency drugs (ehlorpronw.-ine, acepmitiii/me. 
promazine t are charade rived hy greater sedation ami 
more cardiac: and anticholinergic side effects than their 
high-pocciicy COumetpUils, Higtl-ptiteilcy' drugs (c.g.* 

hafoperwtol, fluphtftiidiK, irifluoperiL/irie, prahlurper- 
and thiothisejK} are adminiittnd at knwr do»ft 
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TABLE 17,1—Dust's urf drup used (o mutlih befotrlrar tin srrNiSi JiiimLih 

Pm 

CI*iS 

LA :•••: 

Rooto 

Interval 

A<ixprti\n±/.\tHi 

PfeetHJlhiaJCine 

1-2 rifutg 

PO 

8 


Scd olive 

a05-0.1 thuAiz 

IV, 1M 

1 

Alpni/^lum 

Bcn/odijwcpirK- 

OjDI- 0.1 ouftf !1>J 

(AH lii OOH J rtU} 

PO 

As IKCiJf-*) 


Anxiolytic 

0.123-0.25 nuflig fCl 

JV> 

12 

AmiiripLvIiiie 

TCA 

1-44 mgAg 1 Dl 

PO 

12-24 



OJ-20 1 nffti id 

PO 

12-34 

Buspirone 

A/.upcn.mc 

2J-IH nie |D| 

PO 

M 



4 ik»C <u CLLrod 2 iiigAg) 1 




Anxio selective 

1 mg/k* |D[| 

PO 

8-12 



fcJ-I irigfcg Id 

I’d 

8-U 

Caitwjna^cpirvf 

Amk'onvulsant 

+TAM«H} mg 

PO 

Divided evety 





8=1 a iw 



4-S nsg/kg (Dl 

PO 

S-12 

t'Nimiprininw 

TCA 

1-3 mg/kg M 

IihH lu l p jwwmJ 3INJ naj^'day 1 

PO 

S 2-24. 




niL~rca.Ni ng iLum; 
nr 14-d inert nlv 




OJ (Cl 

Jv> 

24 

■Ckdia/epam 

fien/udw/epirK- 

1-IIJ t! L.L! |D| 

IV) 

6-24 


Amlotyitc 

. OJ-IJ ing/tg PI 

PO 


Clorajcefwic 

Hcn/.odia/cptrK- 

Anacialytic 

fieiLApJlUiLfhlK 1 

CL5-I mjVkg, 

PO 

12-24 


fluAnu delivery 

112 5—22:3 

PO 

12-24 


Amiiolytk 




Orslraniflamphclaminf 

Siimulam 

15-5 mg 

I'riwbunn-si/eiS dnj£j 

PO 

12-24 

l)lZk/4-'pjnL 

fiC 1 1 If A id liU* L~pl 1Iff 

Anxiolytic 

HriL/xHJia/CfhihL 1 - 

(L2J-I mgAg 

IV) 

6-12 


aired ddivciy 

AuUytk 

0u5—1 mg/kg 

PO 

12-24 

Puxcpin 

TCA 

3-5 mg/kg ID) 

IV) 

12 


^nlaliisLaraiirl4:rg , iL";i 




niK»\ccinc- 

SSRI 

1 mg/kg [Dl 

PO 

i 2-24 


Art hik-ftir-K vjiiil 

05-i niftf Id 

hi 

24 

I~L.iI> pendiil 

TtuikfUili^ 

Bucy/ephentine 

1-4 nig |U| 

PO 

12 

Ifydivc odone 

Opioid nieimi^l 

0,35 rnn^kf [D| 

PO 

X 

035-1 mg/kp (C| 

PO 

8-12 

Elydniiyziviu 

AnlihihLunuAc 

(H.) 

2.2 mg/kg 

PO 

8 

InupTanlifr: 

TCA 

114,4 mgdkg (D1 

PO 

12-24 

[ in/fpum 

Hrn.fflKJiasupinr 

Anxiolytic 




M fd fm yproj p x Lf n i nr 





ace tale 

Pfr^cxiir 

] | my/kg 

IM, SC 

As needed 




(34 mo) 

M£$L ! hLfd ULC1a.lL- 

Pft^L-srin 

1-2 ngft| 

PO 

2* for 7-14 lI 

(dp to? 4 ni£/kg, bu kmt) 


riven decreasing 


Aw fey & unlil 

di.Ti^mLinurJ iri 

3«§ wk 


Mcrhylphcnidiuc 

Sri mu 1 arm 

0.25 mpAc [D| 

ll-4 mg\g 

Hi 

11-34? 

Ndln 

Opkitd mitapwiiid 

IM 

A^ needed 

tVahvXulK 

Opioid anmgunitf 

1 1-22 pg/kg 

IV. SC IM 

A a ikeeded 

Natl rex cine 

Opicitd iuntagiMiiM 

1 -4 

PO 

12-24 

Nonry pciline 

TCA 

(lrtuLai bid LlC Lif 

amitriptyline l 

1«2 mg/Lg |f)| 

IVJ 

12 

Oxazepam 

Audolytk 

Benzodiazepine 

02-OJ o|A| (Cj 

PO 

12-34 

PUniMtinu 

SSRI 

1 rigyV]! 

PO 

24 

Perphenazine 

V5K-n^lTiiim™r 

tiartqUjli/cr 

CK-KK irtgAg 

PO 

S-12 

PlmWol 

ficU hksukLT 

CK 124-0.25 

P014 


Pfripramikd 

bku Nkx-kcr 

0L5-2 wAg 

PCS 

8 

Prcuriplyline 

TCA 

5 mg [D| 

PO 

24, at 

Ik'dritlW 

TTiiundazine 

PluifecilliizLKiru 

L 1-22 mg^kp | H] 

PCS 

61-24 


Sitfvl 101 sdogl Id * cal; TCA a tticycSc anLuleprcwajil; SSKS s afllBC&YE rfroUwiin-TCUpliil.G inhihfkir. 
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ami arc associated with Less sedation and fewer anti¬ 
cholinergic 4 ivkS tafljiite side effects. However, Lhcy 
have a ^Killer incidence of ewapyramidal side cficcis. 
The largest structural class of antipsychotic* is com¬ 
posed of the phenofhiarines, or tricyclic antipsyc hones 

i ruH |l> h« confused with the tricyclic antidepressant 

dregs H.Baldessariiii IWfiah 

TrfcydBc antipsychotic drugs are represented by 
phenothiazlne, a three-ring slrueture containing a sul¬ 
fur and a naira group in She ring connecting two ben¬ 
zene riikgi. Subtsli tutions on one of [he hcnzenc rings 
yield different drop (e.g., chlorpromazinc,, pro- 
Utit/iwX which differ in efficacy I Fig, ] 7.2 ). The phar- 
mitevilijgy is also impacted by substitutions cm the 
(licrii groups such that potency ihut not efficacy l is 
reduced by an aliphatic side chain (£.£.„ cUaipfO- 
BiriflC, thorazine. accproma *ine B ftftd irifluopro- 
maaeincji tBaldes-varini The length of the side 

chain alwj determines aniihisiaminengic properties, 
sviih two-carbon side chains such as thsi occurring in 
promethazine being more antihislamineigic. Drugs 
with higher potency have a piperazine side chain, 
including fluphenazine and rifluoperdzone. EiUrrifiea- 
tkm with long-chain fatly acids results in long-acting 
(due to slow hydrolysis and absorption) drugs (c.g, s 


fluphenazine ^naiuhjice and deonnU) IBiildessarini 
1996 b). The noc of these long-iKlmg drugs in vetcri- 
nary medicine has yet to be esubli>hed. 

'the butyrophenone Uti|HydnliCfl include hslnf>vri- 
dnl (the proto t ype) and dropokU. The ton-er is very 

short acting and highly udfttfw; lhu* ill UK i§> limited 
to antithetic regimens (BtUfittArini 19 %uL 

Pturmacvlogie EfTetls, The phuiucctogk effect) of 

4 iihlipsychuiic Lbugf* generally nt similar in human 
beings and animals i Baldessanni 199ti). Pheiio- 
Ihiajdncs arc also categorized as tranquilizers. As irun- 
qualazcrs. the phenuthiazmes are calming in nature, 

causing a decrease in ^OOtUMU Activity and gener¬ 
ally a decrease in response to external stimuli (Overtll 
J997)i, The predominant wtipsychotic action of the 

phcimthiazmes is neuroleptic. a term derived from the 
effect of the drugs on human psychiatric paLicnLh and 
intended to indicate the difference from signs typical of 
CNS depression tBaldessarim 1996ft). The neuroleptic 
effects are Attributed (but not conclusively) to juiii- 
dopammergic eflkls at D. dopamine receptor* 
(BaLdesnrinl IWftajc .Some of the neuroleptic* i e, g., 
phenuthiazineiO hive high affinity for and ihu* also 

antagonize D receptors* although pharmacologic 
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effects at these receptors appear to he minimal. Phu- 
nothiu/incs also btock D 8 ond (which arc D.-ILke) 
receptors. Selected “atypical"' antipsychotic drugs 
doztpiae) have a low iofUnity ftr Q, laxptnv and arc 
nut characterized by ottrapyramidal effects. Howmr, 
they arc characterized hy a^adrenergic antagonism, 
Same of Lhc antipsychotic drugs also have affinity for 

WOtOK(jlc (5-HTj> receptors (tg. k clonazpmek 

Cholinergic and histuminergie (H t ) receptors Abo are 

largeicd by some of ttne dtugs. resulting in unique phar- 
macologic effect* arming the neuroleptics Variable 
interactions with different receptor types lead to unpre¬ 
dictable affects on the wtononuc nervous system 
ijAN^L Among ihe neuroleptic*, chlixpriumi/ine has 
significant ci-adrcncr^ie antagonistic action In gen¬ 
eral, lhc ant muscarinic actions of neuroleptics are 
weak. 

Neurdkpbc effects include supprcss-ion of sponta¬ 
neous movements nr samples behaviors but minimal 
effects on spinal reflexes and unconditioned ncx:iccp- 
tiw avoid H OC bchtn Ion. Interest in the environment te 
minimized as arc manifestations of emotion Pul kill's i 
are easily aroused; aLa&ia or nCQOfdfatatioil nIhniIJ rial 

be evident at appropriate doses iBa]dje**arini I9%a) t 
Aggressive or impulsive behavior should gradually 
dimmish. As a result, conditioned a vat dance rbut not 
unconditioned escape or avoidance* behavior and 
eiploraCcKry behavior are minimised. Feeding and eme¬ 
sis also iue inhabited. AL high doses, cataleptic immo¬ 
bility is evident {particularly in cats; Simpson and 
Simpson Wftp resulting in increuied muscle tunc (and 
the -ability to place animals in an abnormal posturei and 
ptosis. Akulhisiu. un increase in rc^tlcs-s activity, is an 
undesirable side effect rhar occurs in human brings but 
apparently nol in animal*. Akathisia occurs as adoptive 
KSfWMCS Co phHHihfaueilKft increase in e*Lrapyramidal 
tissues (Buldcssuriiti 1996 a), 

The effects irt" phuimthia/irius occur throughout the 
CNS, Cortical effects are responsible for many of the 
neuroleptic actions. Many of these sites appear hi be 
spared from Ihe adaptive changes of tolerance 
(Baldcssarini 1946a). Neuroleptics have heen auodh 
alcd with an increased incidence of seizures. Many of 
these drugs lower seizure threshold as well as induce 
discharges typical of epileptic seizures-. Aliphatic, Low- 
potency phenothiazines are particularly characterized 
by ihi* effect (lialdessanni 1996a}. Although ihe effect 
is more Likely to occur in patients who are epileptic or 
are predisposed 10 seizure*, the effect i> also character¬ 
ized by dose dependency in some drugs. Tims, these 
drugs should not be used in epileptic patient* or 
p^iem.v undergoing w-irhdrawal ftm central depres¬ 
sants |Baldessarini 1996a*. Increasing, doses slowly 
and accompanying anticonvul-sont therapy are indicated 
if the drugs- musl he used in epileptic patients. Antago¬ 
nism irf D, receptors, is Largely responsible for the var¬ 
ious ettnipynimidul effects of the drug*, 

The neuroleptic dmgs have a number of efTccis in 
tlw limbic system. AllWgh D, amagoflum occurs in 
the limbic system, attempt* are being made io identify 


D^sdedivs drugs for treatment of psychoses because 
D, receptor stimulation may be responsible for many of 
lha behaviors Laigeted hy neuroleptics tfBaldessarini 
1996a}. Neuroleptics stimulate prolactin secretion in 
human beings, lucked. Lhc potency of neuroleptic 
action inid abilily to due prolacLin secretion are well 
correlated foe most drugs. Tolerance to this effect is not 
likely to develop. In human*, prolactin secretion caused 
by fKUtnkptks IS also responsible fqr breast engorge¬ 
ment and galactorrhea. Releases of growl h hormone 
and cwtiaMrupin- releasing hormone j especially chlur- 
pmnuzire) occur in response to stress; neuroleptics 
also interfere with the release of growth hormone, 
although apparently not sufficient for trcacmenl of 
ucroiifeegaly. Impaired release of serotonin may remit in 
weight ga.in (particularly low-potency drugs), and glu- 
cw tokruce and Insulin release may be impaired in 
predi abet ie pat ten i s (esptcia 11 y ch lurprumaz ine I 
(Bddessarini 1996a). 

In the brain stem, ihe neuroleptics have liule effect* 
even in cases of acute overdosing, Ufe-tiratefritlg 
coma is rare. In conlroiL. most neuroleptics protect 
against nausea and emesis at the chciunrccepror trigger 
zone in ihe mcchiEtu. These effects occur al low dtWl. 
Potent piperazine^ and bulyrophenones are also often 

effective against nausea stimulated by the vestibular 
system (BaUeswlni I 996ah 
Fbemthuziaes characterized by lower potency have 
a predominant sedative effect Hurt is more apparent ini- 
HigJIy hue tends u> ck^liiw as toknmee develops, line 
phenol hiaj.inc* are dHlwteriied by anxiolytic cflecls. 
bur mure specific anxiolytic tlrtigs yre available. In 
-addition, ihe risk of eiiher auionomic fe.g., low- 

potency dIugs^ nr es.trapyramidal effects I'c.g.. highly 
poieni drugs) increase* the likeMhtuKi of causing aaxl- 
cly (BaWessariiii 1946a). 

The neurtslcpiic drugs import pbysiobfic (especially 
CAnUnvaKUbD 1 ) effeeb due tc> peripheral actions. How¬ 
ever, the effects are complex because the neuRdepeiCK 
inlcract with a number of receptor types that liuve cur- 
dinvj»culir effects Hypotension induced by pheoo- 
ihia/.ines flow poleacy in p«rticulurSl refill* direcL 

effects on the Hood vessels, indireci actions in the CMS 

and autonomic receptors, and a direct negative inixroptc 
effect on the heart. Thlorpmmazine has anliantiylhmic 
effects nn the heart, similar to quinidjne. 

Dispontiofl. The antipsychoLics are characterized by- 

variable hioavailability.. high UpopUUcfty* high protein 

binding, and accumulation m a number of times*. 
Eliminittiuti occurs primarily through ficpaiic nielabu- 
lisdi. In human*, the climinatiiKu half-life is long, rang- 
ing from Iff to 40 hours. Biologic effects pcrsi*L for 
longer than 24 hours, allowing once-cLuly therapy in 
people tBaldcssarini 1996a). Metabolites can be 
delected in urine for several months. 

Side Effects and Toxicity. Despite lhc varidy of 
potential side effcci.s, Ihe antipciyehotie dnugs Lend lo be 

very safe, Lethal ingesckm is rare in human patients. 
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Side effeci^ Icjid to reflect ihc pharmacologic actions of 

[he drugs amd include CNS. cardiovascular, endocrine, 
and autonomic effects (Baldessarini 1996a). In human 
patients.. other effects- include Jry muuch. blurry v isiort, 
and constipation., Urinary retort ion may occur in male 
patient* with prostatitis, E^trapyramkW ncurolng ic 

suk effect* occur in people but have not been reported 
in animate. However, sane animals have nliibiled 

signs of hyperactivity after ireai nrem with acepro- 
rrumne (Simpson and Simpson 1996). In addition, at 
least one repon dies increased mitation and irritability 
following ueainwnt of aggression with sicepranazinc 
(Mirder 1991). Jaundice has occurred in people fol¬ 
lowing admininmion of dilnpnmiiic and may 
resolve with continued treatment. Blood dyscrasia^ 
including leukopenia, eosinophilia. and leukocytosis, 
occur but are less common with low-jwtoncy phenn- 
thiazlnes. Skin reactions tend to be common in people, 
igaiit more often with low-potency phencKhiazines, 

Drug Interact kins. Chlunpromazine is used m combi¬ 
nation anesthetic regime ns because of its ability Id 
potentiate central depressants. Effects of analgesics and 
sedatives also can be enhanced. imeractfoiB with aniii- 
hypeneiuive drugs can be unpredictable and arc more 

likely to be adverse with low-potency products 
i Biildessarini 1996a), Selected phcnqfchJajjnc* can 
anrtagoniie the positive jnntmpic effects of digoain. 

(linical Indication*. In genera], ihc use of phenn- 
thindncs for ircaimenl of aggressive behavioral abnor¬ 
malities is inappropriate because they blunt normal, as 
well as abnormal, behavior, Acepmma/ine is particu¬ 
larly probkfnabc. Restraint of aggressive dogs with the 
drug renders dogs mure likely 10 be reactive to noises 
and more easily startled I Overall 1997). In addition, 
because the degree and duration erf tranqiliti&uhMl vary, 

reactions in dog*-are unpredictable, Phemuhiarines arc 
not selective as antianxiety drugs hut am reduce 
responsiveness in general and thus he useful in some 

cases of episodic anxiety (Simpson and Sampson 
1996). Thioridazine has been used in one case of aber¬ 
rant molar behavior (Jones 1987). 

A NTI l>KPRESSANT DRUGS. Much of the informa¬ 
tion regarding the uw of mond-modltylng drags in ani¬ 
mals has hem extrapolated from hum kin use. These 
drugs -are characterized by clinical pharmacology and 
mechanisms of act ion thal arc likely Lo markedly differ 
amung animals. Nevertheless, little scientific inibrma- 
tkui iis available lo guide their use in animals. Currently, 
none of these drugs are approved fur use i n animal s. 

In people, affective (behavior) disorders targeted by 
tricyclic antidepressants range from depmsini to 

manie-depre^ive disorders. In uniniak, the list of tar¬ 
geted disorders Ls much greater and often appears to 
include -any type of behavior deemed “unacceptable"' 
by pel owners. Among the human drugs Ihal have been 

used in animal* arc the tricyclic antidepressant^ the 


.MAO inhibitors (selegiline), and selective serotonin- 
reuptake inhibitors l.SSKts, fluoxetine). To best under- 
Maud ihe pharmacologic jetum* (intended and undesir¬ 
able) of thc^e drugs, it is necessary to appreciate the 
extent to which neurmransmilters targeted by these 
drugs are active in the brain. Among the most com¬ 
monly targeted neuiutrflftEinilters is the biogenic amine 
system, with norepinephrine. f'-hydiovycrypiLditiine [5- 
HT, serotofVHik and dopamine serving an primary tar¬ 
get*, However, acetylcholine and huUfttbe are com¬ 
mon, although generally secondary, targets. In 
addition <x-adrenergic receptors- may be stimu lated by 
some of these drugs. The pharmacologic effects (and 
side effects) of these drugs van with die neumtfim*- 
mitter targeted. Drugs that are more specific in Lheir 
actions lend to be safer. The inability to predict the 
effect of antkLepressani drugs on behavior reflects, in 
pan, the inability to predict effects at the synapse, as 
well as a lack of knowledge regarding the impact of 
neurotran^missiim on behavior. In general., blockade of 
dopamine transport appear* to he stimulatory rather 
than antidepressant. Inhibition of serotonin reuptolcc 
appears to be artidepressant. Inhibition of norepineph¬ 
rine reupiakc consaitenlly yields antidepressant 
actions. 

THtytKc Antidepressants 

STRL.CTi:RF.-ACTivnnr RELATIONSHip. Tlhfi tricyclic 

, antidepressants (TCA) are among the most frequently 
prescribed drugs in human behavior medkine. Their 
name reflects their chemical structure (Fig. 17.2).. "Hie 
TCAs were identified as u group of potentially useful 
drugs for the mcxli tkatn.m of behavior in die 194(K fol¬ 
lowing die generation of a number of drugs with anti- 
hislaminergic. sedative, anulgesic. and antiparkinsonian 
eflecLs. Iinipramine wtb selected based on it 1 * hypnotic 

and sedative effects, Imipraroinc differs from pheno 
thiazioo only by the replacement of sulfur w ith an 
ethylene bridge, yielding a seven-memher ring. This 
compound proved ineffective in quieting agitated psy¬ 
chotic patients but was very effective for selected mood 
disorder dBalde^surini 19966). The search for chcmi* 
ciilly related compomb yielded a number of additional 
drugs. Oomipramtae, -amitriptyline. arid dQMpin arc all 
derivatives of imipruminc (Baldcsprinl IWfib), Each 

contains a tertiary amine m one of the substitution sites 
on die seven-member ring, Desipr^minc. a mayor 
metabolite of imipraminc, and nortriptyline, ihe N- 
dcmcthyilated mct^olilc of amitriptyline, are secondary 
amine tncydics. ProptriplyHioe and trimipram]ne are 
other TCAs but have few veterinary applications tSimp- 

soti And Simpson I9 %l Shores and Redding 1987). The 
effects of neurafaiflttridrier reuptake vary with the dif¬ 
ferent amint structures (Bddessariiti 19966). 

MECHANISM OF ACTTOtNo The meelianism of action 
of Ihe TCAs (and ol ihc MAO inhibitors and ihe &SRIs) 
is blockade of the mecftinisms of physiologic mjeti va- 

tkn. For the TCAs, the mechanlshi is inhibition ol 
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reupiake at presynaplic biogenic amine raeumtransmit- 
ler receptors in the brain. As rcuptakc is inhibited the 
LCHKcnlrjLmn of neurotransmitters increases, prolong¬ 
ing I heir aLlions iC’NS slimulationi. The chemical 
structure of the TCAs determines,, in pari, which ncu- 
nUraTisniitlers are affected (Raldes-surmi 1 , 9 c >6Jb |i. 
[rnipTiimine and its derivatives with a Lemury-amine 
side chain block norepinephrine reupLake but have lit- 
tie effect on dopamine reupiake. The secondary amine 
derivatives of imiprumine are portent and highly sdcc- 
live anhihiEors of norepinephrine rcuptakc; however, 
they are characterized by fewer autonomic and anU- 
cholincrgie effects. Tertiary amines that are metabo¬ 
lized in the patient to secondary amines will exhibit the 
effects on norepinephrine rcuptakc. Clomipramine has 
marked effects on serotonin reuptake. Il>uxepin is char¬ 
acterized by greater antihisLuminergic actions (thus 
explaining its frequent reLHiiiiiiKihJuriMifL for ehruiiic 
pruritus). Although amitriptyline has been the nuns! 
cam man ly prescribed drug in animals, clomipramine 
has recently been approved lew use in dogs and may be 

more appropriate for clinical Indies bccauw? of its rel¬ 
ative sdectivity for Krotooiiiu 


Pit ar m JimLonir Effects 

ADAPTATION TO PHARMAOdLOtilC EFFECTS. 'The 
effect at TCAs at pre- andl postsynaptic receptors and 
auioregulaticm result in complex res,ponses LhaL are not 
well understood. Although inhibition of reuptake 
occurs very rapidly; peak effects still take several 
weeks. This prolonged Lime to maximal effect reflects 
in part disposition (see section on clinical 

} but also appears La reflect adaptation in 

the CNS La changes in neiirutransmitLei concentrations 
at the synapse. AdminiMralian of a, TCA result* in an 

immediate decrease in the synthesis and release of 
ncrepinephrme or serotonm (depending on the major 
targei of ihe TCA) in selected ureas of the brsin, The 
effects appear to be mediated presynaplically through 
auiLureecptors (ra 1 or serotonin, respectively). How*ever, 
turnover gradually normalizes- within 1-3 week*. 
Auloreceptors appear in be down-regulated and 
become desensitized to llie presence of the TCA 
(Baldessarini l;99fb). The number and sensitivity of 
pcs tsy nap tie adrenergic recepuirs do not appear to be 
impacted by continued use oF TCAs. 

Adaptive responses appear to influence the pharma¬ 
cologic- properties of TCAs at adrenergic receptor sites,. 
The TCAs have a moderate affinity lor & receptors and 
only limited affinity for a, and JJ receptors. Changes in 
serotonin receptors following repealed treatment with 
TCAs are complex. Although the impact is no4 clear, 
I he general effect appears to be increased sensitivity to 

serotonin, Thi* may be an important componatt in the 
outcome of prolonged (reaimem (BalcteTwarinj 1996b). 

The TCAs. alsso appear us impact the effect of other nan- 
roiraiEminers and iticir mepton. including GABA 

(unknown significance) and dopamine (D,l desensiliza- 
liunt of uutonx'epLairs, resulting in (BOGd elevation). 


Other factors to consider regarding adaptation to TCA 
effects incluck changes in cyclic-AMP-dependent pro¬ 
tein kinases and potential changes at the level of gene 

expression (Baktoarini 1996b). 

In addiiion to tolerance (to sedative and autonomic 
effects), physical dependence can develop to the TCA. 
Physical dependence following acute withdrawal is 
manifested In human patients as malaise, chills, con/a, 
and muscle aches (Baldessarini 1996b)* hi low* discon¬ 
tinuation of the drug i s recommended. 


AUTONOMIC NF.RVOIJS SYSTEM. The predominant 

effect of TCA? on the ANS appears to reflect imhibickifi 

of norepinephrine transport Into adrenergic nerve ter¬ 
minals and antagonism of muscarinic, cholinergic, and 
a -adrenergic responses to the neurotrunsmiCLers. 
Burred vision, dry mouth, constipation, and urinary 
teteiii h in at cheraptuiie dusts (documented in humwis) 
appear 


to reflect anticholinergic effects (BaMessarini 



CARMO^ASCULAR SYSTEM, Cardiovascular effects of 

TCAs occur at Eherapeuiic dos^s and can become life- 

threatening with overdosing. Postural hypotension 

o^urs in human heings due to re-adrenergic blockade. 
Mild sinus iwhycardiA occurs due to inhibition of nor- 

epinephrine uptake and muscarinic iM ( ) blockade 
(B aides sari jib 1996b). Conduction time is prolonged* 
especially al concentrations above JCM) ng/mI.. The 
TCA also can directly suppress the myocardium 
(Baldcs-sarini I996h). The myocardial depressant 
effects are greater in the presence of underlying cardiac 
disease. 


Clinical Phahmac(jhx;y. Tht disposition of the 

TCA favor* adverse reactions m that the characteristics 

of disposition tend to vary greatly among journals und 

extrapolation betwi species is complicated. Unfortu¬ 

nately, the djapraflmi of the 4 has mot been sefen- 

1 ideally Studied in animals und information is extrapo¬ 
lated from human beings. The TCAs are very 
lipophilic, As such, they are well absorbed following 
oral administration. However,, they can undergo 
marked first-puss mcLabolisiiL High ckf&GS cun cause 
anticholinergic effects on die gastrointestinal tract, 
slowing absorption or making it erralic. Absorption in 
humans can result in peak conceniralions as rapidly as 

2 hours or as long as 12 hours after admanisl ration 
(Baldcssarim 1996b). The drugs are very highly protein 
bound, but unbound drug is characterized by □ very 
large volume of distribution (10-15 lAg in human 
patients), cunUibuting to a long elimination half-life. 
Drug may bind avidly to selected tissues. IDrugs are 
eliminated by hepatic (oxidative) metabolism. Metabo¬ 
lism is variable among human patients, accounting for 
ptema concentrations thin differ by 10- to 30-fcsld. 
Metabolism yields active and inactive metabolites, Ii is 
not clear what percentage of the antidepressant activity 

of the TCA is associated with ihe metabolites. Metabo¬ 
lites generally have an eluninulion half-lire that is al 
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least twice that of Ik parent compound (Buldessnnid 
I99fih). Thus, accumulation of the metabolites can 
result in a market! proportion dll' 1 ihe phanraru-logit 
dhctofTCAir 

Side Effects. Up to 5% of human patient* receiving 

:t TCA react adversely. Sedation is common (.Simpson 
sind Simpiun 199&), although clomipramine generally 
is associated with less sedation Ilian the ttkf TCAs 
(Juarbe-DiaJ. 1997a}. The mosi common reactions are 
due to ihe aniiitiusearinic effect or overdosing. Cardiac 
toxicity is a less frequently reported but aflkriK toxic- 
ity. Silk effects include dry month, .gastric distress. 
coiiMipiilion, dizznhrxs, tachycardia or other urbytk- i 
mia>k blurred vuum, and urinary retention (particularly 

problematic in ihe presence of prostatitis hypertrophy! 
rBaldessarini 199fib). Weakness and fatigue reflect 
CNS eFFects, Cardiac toxicity is more likely in patients 
illill start therapy with cardiac disease. In heaJlhy 
paUrnt*, che most likely cardiac response is hypoten¬ 
sion due to a-udnenergic blockade. 

An undesirable vide effect of antidepressant drugs in 
pei^ple Is referred to as the ’’switch prom" Patients 

undergo a ttmtlkn from depression to hypomanjc w 

manic ex.ei1emcni (Baldessarini 1996b), This effect has 
not been repented in animals. Confusion and delirium 
are Behavior aberrations that occur commonly in 

human patients, with rhe incidence of 10* in all 

patient* ukthiuij m greater than 30* in pattern* over 

30-4QaBdessafinii I99bbk Miscellaneous toxic efTects in 
human patients include leukopenia. jaundice, and skin 
rushes. Weight gain occurs, particularly with ihe drugs 
that arc selective for serotonin rcuplakc. Reports 
addressing the side effects of TCAs in dogs are uncom¬ 
mon. Goldbergcr and IRapopurt (1991) reported side 
effect* in $ of IS dogs receiving clomipramine for lick 
granuloma. Clinical signs included lethargy, anorexia, 
diarrhea, and growling. 

Acute poisoning with TCAs is common in human 
patients (accidental -or intentional) and appears to be a 
significant problem in animals f Johnson [9K)) r Symp¬ 
toms in humans vary and are complex. Excitement and 
restlessness may be accompanied by myoclonus or 
tunic-clonic seizures. Coma may rapidly develop, asso¬ 
ciated with depressed expiniLiun. hypoxia, hypother¬ 
mia. and hypotension tBaldcsxarini I99ftbk Anti- 
ctkulinergic effects include mydriasis, dry rnucc^sa, 
absent bowel sounds., urinary retention, and cardiac 
arrhythmias, including tachycardia. Cliihical signs 
reported following accidental ingestion in animals 

(Johnson 1990) include hypenexcitement and vomiting 

a* early manifeMatitups* followed by utttka, lethargy, 
and muscular tremors. Bradycardia and other cardiac 

arrhythmia* occur later, These later signs occurred 

shortly before death in experimental animal models of 
TLA toxicoses (Johnson 1090). 

Treatment for TCA toxicoses is supportive, includ¬ 
ing respiratory {intubation) and cardiovascular support. 
Gastric lavage with activated charcoal cm he used 
early, Bmelics probably should be avoided because of 


the risk of aspiration pneumonia in securing animals 
(emetics may further predispose Ihe animal Co 
seizures*. Shurt-acling burhilurales for simiLaj drugs) 
wiihoui ptvdtmpinijtiJtLon ore preferred for anesthetic 

control dlinOg gastric; luvjigc t'atharlick {sorbitol or 

sodium KiLlfatc-Glaubcr J i salt* can he of benefit. Mag¬ 
nesium sulfate should not he used because impaired 
gastrointestinal motility can facilitate ahsorpUim of 

Higneslum. Resolution of chu nuy require lewil 

days; the ihreaf of cardiac arrhythmias, likewise persists 
for several days. Pharmacologic interventions for car¬ 
diac arrhythmias have not been well established. Alka- 
linizatiun (sodium tucojfcunule sufficient to maintain 

Hood pH above 7 J: 2-3 mEqftg over 13—30 minute* 

IVl may prevent death by incrarinj protein bumling 
and cardiac automaiicity i due in potassium shifts) 
i Johnson 1990). Cardiac drugs, inc hiding ant ianhyth- 
mic* and digoxin, are contraindicaied in human 
patients. Fhenytoin may provide antiorrhylhmiL" eflbCH 
and in human patients is useful Kckt treatment of 
seizures (ftuldexsunni 1996b)- This laLLer effect i& nuL 
likely to occur solely in animals. Diazepam is indicated 
for ante management of seizures. Beia-adrencfgie 
receptor antagonists and lidocaiDC may 1 h p useful 
{BiUwarini 1996b). The risk of (oniKlonk v:i/ures 
increased in human patients, particularly at higjh duscs. 

CusifAL hWCATH^N-V The TC‘A% hi»Vf Keen KCDVD- 

mended by animal bduvrartafti fur wtM abinwcnul 
bcfasvun manifested in dogs and cats. These include, 
but are not limiLed to. behaviors feuddilod with Tear 

ami aggreatJoe (Juibo-Dfaz 1997*Jb; OvcnH Iw7; 

Haupl 1997; Murder 1991k stereotypies, nhces.sive- 
cnmpulsivc or *clf-mutilaLion disorders, and excessive 
harking. Clomipramine recently has been approved for 
use in dogs (ClomLalm'ft, Novartis Animal Health) for 
treatment of separation anxiety. Protriptyline is a 
nonscdaEive TCA Ihai has been used successfully in 
human narcoleptic patients. The drug has been used 
successfully in one dog whose narcolepsy was mani¬ 
fested as hyperinsomnia {Shores and Redding I9M7*. 

C(JhfTRAtNDI("ATION5 a The TCAs should he avoided 
in animals- with metabolic diseases. Specific con- 
traindicalions include a history of cardiac or hepatic 
di&casc, seizures, glaucoma, hyperthyroidism, or thy¬ 
roid hormone supplementation lJuurhe-L>iaz IW7ak 

Drug lN1SRACT10N& The TCAs can inlerjeL with a 
number ol oLher drugs. Competition for protein-bind- 
ifkg Kites wills other highly protein-bound drugs can 
mull in locraHd drug oonontfltkiu. Drugs that 
impact drug-mctaholizing enzymes, ihrougb eilher 

inhibition or induction, will impact the clewuoe of 

TCAs, The sequelae of the impact ore difficult to pre¬ 
dict since active metabolite* similarly will he impacled. 
However, m general. drugs that inhibit metabolism are 
likely to result m greater drug accumulation and 
inercMd risk of toxicity. Other amidepre^TcuiLs and 
TCAs can also compete wilh other compounds lor 
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moiath»Lihm. The drugs themselves ifeLsiy impact meLiib- 
olism of other drugs. CtofflipnoniM inhibit* iht mei-iib- 
oli.sm to other drugs (UaldcKsarini I WfSh] r Antidepres¬ 
sants poLentiate Lhe efffctj of sedative drugs, ftl 

general, TCA* should rat be used in combination with 
other drqpi chai modify CMS netrcdUHnitiefi, such 
as MAC3 inhibitors and tmkrmz (Ju^rtv-Dui^ 1597*)- fn 
human patients, a potentially lethal inlcraciion has 
been ftjuttd when a TCA, particularly one ihai 
inhibits serotonin uptake. in combined with a MAO 
fBlilfWririni IWfibjL Tht term "'serotonin syndrome” 
hy* been allied to Che interaction. which li character¬ 
ized by rtsjlessqk-ss,, muscle Iwilfhes. hypeireftexi-ii. 
shivering, tremors, etc. 

CUMCAL Use, Most untidepfessani drugs require 
2-3 weeks fur clinical efficacy to he nafard, The 
fltHpdOft mighl be amitriptyline,, which may cause 
response within 3-5 days (JiuriK-Dw 1997a), Thera¬ 
peutic drug motiutilg may farifliHf the nfc and 
effective use of ihe drugs In human patients, plasma 
COKOdntiou chat raiijw fmm I (XI jo 250 ng/mL are 

most likely to cause satisfactory antidepmstial effeeisL 
touchy can be expected *u con ce ntra ti ons above 5(K3 
ng/ml., with fatal cmeqKOHft likely as CMoentift- 
lions approach 10011 ng/mt. (BildeflHfkni |4%b). Vjrl- 
ability among human patient^ land presumably among, 
animalM 1 supports ilk.' use to numiHing to guide thcr- j 
spy. Howmc, monitoring to avoid toxicity is curnpli- j 
cat-cd because serum oosceatnlnoft by flum id ves are 
not reliable predictor* of toxic responds. 

Because rf the risk of withdrawal due to physical 
dependence, discontinuation of TTAs \hn*dd occur 
over a week or longer if Lherapy has been prolonged 

(Bakfesiarini IWfib). 

Selective Senedmiin-Kt iJ|3takf Inhibits 

Simimmii-Amvuv Ri-i.^tio^shjp and Mkcha- 

MBH OP Action, The SSRI* enhance CNS- motHin 
by blocking presynapLic netmul uptake. They may 
also increase pt^mynaptic receptor sensitivity fSimp- 
slpii and SimfNOQ t Wfi K, Drugs currently approved in 
humans include fluoxetine paroxetine, serttiline, and 
fluvoxajnine. Because of their selceliviiy for Kfotmil 
uptake, the diverse elt'ects characterizing TCAj an: 
generaJly absent with SSRLl 

Clmcal Phajlmacology. The clinical phamiiicol- 
ofy of she SSRb it similar to thin of Lhe TCAs. Oral 
aburptioa, lifki^ihiliury, protein-binding, and volume 
of distribution art: similar Like ihe TCAs, OuoxediK is 
■rtaboiired by the liver to active (aorflucnetine) and 

inaetivc melahnlites (Baldessarini IWfibi The active 
metabolite is very long acting. In addition, it interferes 
with the metabolism of other antidcpressanls (Includ¬ 
ing the TCAjl), prolonging metabolite elimination. even 
when the parent drug is no longer present. ITie dimi¬ 
nution half-life of tnrfluojutioe is 150-200 llovrs ill 
people, co mpan d to 5ft hours for Lhe parent compound. 


TCus,, lured on accumulation alone, the metaboJjie can 
have a profound impact on therapeutic effect. Parosce- 
1 i ihe and flrvtUUlitt have mi active meLabniites fin 
human patients). TIk 1 link to efficacy of SSKJs i which 
is up to 3 weeks in human patientsl relied*, in pan, the 
Iiine for maximum accumulation ot the parenL drug and 

its metabolites. 

Tht llie of mnitnring to guide therapy was 
addressed wiih the TCA&. As with iIk TCAs. effective 
concentration* have not been established in animals bur 
muKE be extrapolated from people.. Tlk 1 re lati unship 
between plasma drug ctMiocnlrattnfi* and therapeutic 

efficacy has not been well established (Simpson mid 

Simpson 1996).. Pluma concentrations Lhiuiehl 1o he 
effective in human patients range from 100 to 300 
ng/mL for fluoulinr {and its uiive metabolites ]i 
Effective wncejotratiou for paroxetine m- 30-100 
itj^mL., for ietmliiK P 25-50 ng/mL (BtldHUffad 
I Wbb), 

Dnua Intbractions, ITie ISils can inhibit the 

metabolism of other drugs:; Lhe order of potency of 
inhihiLkm il± pamxeline > norlouoxetine > flimctuc = 
sertraline. Because ol the nsk of dru^> interaclions, 
SSRI* should mU be used in ciimblnatlofi wilh crihcr 
antidepressiinK (see dbcuraou on santonin syn¬ 
drome and oji drug iMenctioftf of TCAi and MAO 
inhibitorsl-(Baldessarini LfWib). 

t' iJ ■* 

Side Compnitd to the TCAs, SSJUs appear 

to be safe. Unlike the TCAs. SSRLh have minimal 
effects tm tlk cardiovascular svsLem I Baldessarini 

■i 

1996b). However, the safely of iheir me in puxnti 

wiiii underlying, cardiac disease has mu been estab¬ 
lished. Sedation is mrt a commtm side eflect, besng. 
least likely with fluoxetine i.Simpson and Simpson 
8 Wii In human*, gaslrointestina] side effects are the 
most common, occurring in as many us25% tyf palienls 
receiving the drug t Simpson and Simpson I99ti). llneir 

ilbcidcilec is roiuiifebi^Lt by sljLTting. with a low dose and 
gradually increasing the dose until efficacy is evident. 
^Sidc ett'ecLs have been reported in animals. In a report 
of 14 dtfgs m which Itooseline was used for the treat¬ 
ment of lick granuloma iKaboport I W2j. side effects m 
4 dog.* included lethargy, uortiix and hypemcdvily. 
Another study (Melman L W5) reported these same sitk: 
dt'ects. as well as polydypsia. diarrhea, and increased or 
decreued appetite. At least SO 4 # of animals upfx'ared to 
develop some type of side effect, although side effects 
were described as “mild.” Side effects reported by own¬ 
ers in a study of fluoxetine for treatment of canine 
domEnanee- re la ted aggrt sslon i Deluded fatigue. 
lethargy, and decreased appetite (PixJrnan und Medem 

I995X 

Clink ai. [.n ijic atkins.. Protohly no bdi&viur-ii]od>- 

Jying drug has received mure UOttHM m lhe vetennary 
and lay literature than fluioxelivie tKaullmiui l L .W; 
Marder IW5H. Despite the plethora ofTopubods and tefr 
limonials regttrdinp the efficacy of chi* drug for mat- 
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merit of imi iiiu.1 behav ico.1 disorders, tew sckiuific 

studies exist.. Efficacy few treatment of lick ErMiilumas 
is supported by a double-blinded crossover study 
(Rapopcwl et ml. 1992). One-third of (he animals stud¬ 
ied did not repeal the abnormal behavior when fluoxe¬ 
tine was diseonrimicd. Fluoxetine also has been studied 
in an open (mwiblintled) Study in dogs aRlkttd with a 

variety of behavioral problems iMelman 1995 }, 
Approximulely 65 % of dogs with lick granuloma. 
100 % of animals will) separation aiixieiy, and 85 % of 
animals with tail mutilation disorders responded to flu¬ 
oxetine. Unfortunately* dal a were ftftl controlled for 
other treatments, making iiiterfmtrtion of the success 
of fluoxetine in this study difficult. FI uoxetine has also 
been used successfully to treat psychogenic alopecia in 
a cat r Hartmann 1995 ) and dominance aggression in 
dogs (Dothan and Mertcns 1995 ; Podm*n ei at. 
19%). 

Monoamine Oxidase Inhibitors 

SntiiCTURE-AtTixiTY Relationship. The recogni¬ 
tion that the anliiuhercular drug isoniazid tended to 
elevate the mood of patients receiving the drug for 
treatment of tuberculosis led Co further discovery of 
drugs Lhat inhibil mrmuamme oxidate. The firs! drugs 

used were structural ly related to hydrazine mi associ¬ 
ated wiLh marked liepalotosidty. An at tempt was made 
lo synthesize CNS Mi mutant compound* unrelated 1« 
hydrazine hut similar to amphetamine. Ultimately, this 
later tiffin! yielded selegiline f Baldessanni |]94fib), 

The MAO inhibitors- Jfflteitfcdly impact ;l variety of 
munamines by inhibiting mitochondrial M AO and pre¬ 
venting the subsequent degradation of monoamines, 
most notably dopamine, Most of llie clinically relevant 
drugs are nomeleciive toward two major enzyme 
groups (Baldessarrirti 1996b)* which are characterized 
by different substrate specificities. MAO-A prefers 
serotonin and is inhibited by ciorgylitie, whereas 
MAO-B prefer* phenyleihylainine and is inhibited by 
selegiline. Selegiline is the only currently used MAO 

inhibitor characterized by selectivity. Because ii targets 
MAO B, it is relatively selective For dopamine. It as 
approved for use in dogs for treatment of pituitary- 
dependent hyperadjencKcwticism (purported to be a 
dopamine deficiency). Binding. Do the MAO Is irre¬ 
versible, and recovery from effects requires synthesis 
of new enzyme. En human patients, this appears to 

require 1-2 weeks. Metabolism occur* mure slowly m 

geriatric patients (Baldessanni 1996b). 

PHARMACOLOGIC &MTS. The effect £ of the MAO 
inhibitors occur on systems affected by ^yinpalh- 

omimetfc amines and serotonin- Although a* a das* 

MAO inhibitors affect a number of other enzyme sys¬ 
tems, general jjatiofl* to the class do not necessarily 
apply to selegiline. Selegiline potentiate?* dopamine in 
selected neurons *irid has been approved to treat Parkin¬ 
son X disease in huiiuins and Cognitive dysfunctions in 
snimak, conditions assumed ro he associated with 


dopamine deficiency, .Selegiline also scavenges oxygen 

radicals and reduces neuronal damage due to reactive 

products iif oxidative metabolism of dopamine and 
other compounds tHidde^sanui |9%b) r A delay in the 
therapeutic effect up to 2 or mere week* characterizes 
the uk of selegiline. Reasons for the delay are not 
known (Baldessarini I996b) r 

O.INICA!. PI^RVIACOUXIY, The MAO inhibitors are 
readily absorbed following oral administrati-nu. Maxi¬ 
mal inhibition occurs within 5-10 day*. Despite a long 
biological activity, efficacy appear* to decrease; in 

human paiients if the dregs are administered at an 
interval longer than 24 hewn (Balde^sanin LIMftbJ. 

Side- Effects and Drug IrmjtACTtows. Sclmive 

MAO inhibitors appear Id be safe. However, severe and 
potentially fatal interactions have been described when 
MAO inhibitors have been combined with other amide- 
prcssaiils. Particulmly problematic is the combination 
of MAO inhibitors with drugs that inhibit the re-uptake 
of serotonin (see the discussion on the serotonin syn- 

dvomne of TCAs). Other drug* with which MAO 

inhibitors may interact include meperidine and precur¬ 
sor* of biogenic amines. Selective MAO inhibitor* 
such as selegiline are not necessarily safer than lhe 

older or nonseketive inhibitors when combined with 
other drugs. Hypertensive crisis, a serious sick: effect 
ifeuu occurs when aged cheeses containing ty famine (a 

bacterial miwnnumine by-product) are ingested in ihe 
presence of noe«tective MAO inhibitor*, does not 
occur with selective MAO inhibitors such ax selegiline. 

Anxiollilks 

PHARMACOLCXTr'. The primary anxiolytics, used in 
veterinary medicine are Lhe benzodiazepines (Chap. 
16). including diazepam, its metabolite oxazepam, 
dora/epate i melaholized in the stomach to >V- 
dcsmcthyl diazepam, a major mclubolitc of 
diazepam). luruepun, alprazolam* and clonazepam. 
The assumed mechanism of aclum of these drugs is 
GABA-mmergie through interaction wiLh the GABA , 
receptor. T he anxiolytic effects are separate from lhe 
general CNS depressant effects caused by these drugs, 
Their central effects are somewhat dose dependent. 
Sedative effects occur al low 8 doses: as a result, excite¬ 
ment is tempered.. Anlianxiety effects me evident at 
moderate doses and aie beneficial k> social interac- 
tioms. At high ddtfitis, hypnotic effects become evidcnl. 
Sedation becomes profound at high doses and ataxia 
is evident and sleep fecilitlied (Overall 1997), 
Decreased skeletal mu*de activity (particularly of 

value in seizuring animals) is central in naLure and is 
independeni of sedative effects. Cats appear lo be 
more prone than dogs lo muscle relaxation (Overall 
1997). Benzodiazepines may distribute differently in 

cals, wish extensive Unding of diazepam and its. major 
metabolite* desmethyldiuzepam. in ilw brain (Ftaeidi 
et al. 1976). 
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The effect* of the benzodiazepine* idled in pan 
mrtahnliiim to active iuctive, and potentially Irak 

metabolites. If efficacy reflects foniMtion of nn active 
metabolite (c.g., rtcKnhHhyldia/c|wml P acciUHliKkn 
may be msnry before mixlmun effect* are seen. 

Lnrazepam and oxazepam have shnn djimiituiimn half* 
lives in human patients and arc metabolized by pha.se [I 
tglucujxmidati™) enzymes. Thus, metaholiics of these 
drugs are not likely to be unlive or knic. 

Hie eliminaEiun half-lile of many benzodiazepines 
in |HHlI is sh«ri. BBlacy can be prolonged by 

mdahnLism to Ktive neUbolilei. The drugs are cate- 

gOlifled by their duniliim of effect in humans, although 
it is not clear if [he same Categorization will apply Co 
animals.. Clunizepale is available as a sustained-release 
(KuduCt that cm be administered less frequently. 
TnlerJilCC devdopt to the UtinAVIllHUl and sedu- 

th* effort* of many bemod ii aepiM& However. later- 

iince to I he anxiolytic effects of these drugs appears 
less likely to develop(Simpson and Simpson I 996).. In 
contrast. withrikiwil Can HHHtpuy rapid discontinua¬ 
tion of ibe drug. Thus, dew** should be gradually 
Upend (tg„ 25% per week) as like drug is discontin- 
ued (Simpson and Simpson 1996; Overall 1997). 

SlHF. EmCTS, In tddftffll I© change* in behavior, the 

tenziriiaavpinc* have bm tnoc fated with a number 

of side effects in human patients. Reaction may be 10 
the parent drug or a metabolite. lwOnj?-term use in 
human patients has been associated with neutropenia 
and liver disuse. Recently, acme fulminating hepatu- 
toxicity has been reported in cats receiving diazepam 
orally (Center 1996). Choreal signs include iukirexia, 
vomiting, lethargy; hypothermia, and jaundice^ The 
adversity appears co be due dependent (aikl thus may 

be idiosyncratic), occurring In most animals within 
5-11 days after therapy is hegiin. Mortality is high (H 
■nut of t I dftt in one report) despite intensive therapy. 
Histology revealed severe acute to subacute lobular to 
massive tepidic necrosis, suppurative cholangitis. and 
biliury hyperplasia. Baseline hepatic function datu 
might be collected in cats prior to starling therapy and 
3-5 days alter ihcrapy is begun in order to minimize 
the damage induced by diazepam ndnuni stored to cats 
at risk. Any evidence of illness tin evidence of pro¬ 
longed cUmifiAtfcM) should lead to dimotkiiulkn of 
the drug. 

Clinical lNDICAT)OW5 H The benzodiazepines are 
less desirable as behavior-modifying drugs because of 
their nonspecific nature (Overall S 997). Thus, a notable 
disadvunlage of [he Long-term use of benzodiazepine* 
is their Ltndeney to interfere with the ability to Seam in 
animal* undergoing behavior inodificackm its part of 

tteir treatment program (Linden 1997). An exoepbon 
cun be nude for ddofriterepoxlde, which appear* to 
facilitate operant conditioning in nervous (Rurier) 
dog* (Simplon and Simpson 1996). Paradoxical reac¬ 
tions jnay tccur in some animals, including rage, 
hypercxcilability; and anxiety. In addition, the risk of 


StthstUtt abuse by pel owners should lead to close 
scrutiny of drug need* -and use. 

Benzodiazepines are indicated Inr the treatment of 
anxiety. Alprazolam and clonazepam may he asyqd- 
ated with fewer side effects, and might be preferred 
(Overall 1997)“ howtVtf, fewer report* exist regarding 
their use in animals. The benzodiazepine! are MO- 

Iraindicated in aggressive patient* (Overall 1997). 

Simpson and Simpson 1199b) notes iJi;l| the cnntnimdi- 
catinn may depend on Ihc nw of aggression, If 
aggression is a manifestation of an underlying Fear or 
anxiety. then the benzodiazepines may reduce appjes- 
sion. If, however, anxiety or Sear is masking, aggres¬ 
sion, benzodiazepine h may increase aggression. Other 
indications for benzodiazepines include Ereatmcui of 
inappropriate elimination (Overall 1997), noise pho¬ 
bias. and selected anxieties such as visits to the veteri¬ 
narian (Simpson lend Simpson 1996; Overall 1997k 

Ativiusideciiie I Inn's: A za pi rones (Biispironr) 

STCUtTUklr.-ACTIVITY Rt=l_AJ10N!SI 111 3 . Buspirone is 
referred to as a nonspecific anxiolytic. Azapirones were 
specifically developed for Itypkll depressions, non¬ 
specific generalized anxiety disorder, and scU-cttfd 
obsessive-compulsive disorders. BuspiriHie is the first 
ifrunsediiling ^uiLianaiety drug to be marketed (Simpson 
and SJmpua 1996). Its effects appear to reflect block¬ 
ade of fi-HT | reevpi^rN -it both pre- und putiyuptk 
sites. Pre*ynflptic inbibiEiiKii iocttfeSH low ser-utonergic 
adivily. whereas posLsynapLic control reduces high 
(Si mp*Oh M\4 SlnfHCHI 1996), Buspirone causes down- 

Of 5-1 IT ntieepUm,. In ^uLlLlNin, it wriii*. ns a 

doptffllM agonist throughout the bniin (Simpson and 
Simpwn I996) a 

Sinr-: Ffttxts. hi cmml n> tell^LHdi}|/t , |^i^n. , uxi- 

ojytic ctrugs^ buspirone has no sedative, muscle reLaJtam, 
nr anLiconvulsont actions. It djtws mit impair motor per¬ 
formance (Simpson and Simps^m 1996). Side effects to 
buspirone manifested in cats include increased aggres- 

Ni^ncsh (LnwunJ caliber hotLseliKildl ejEsk increased 

tinn toward owners, mild scdstiion, and jtgiiackin (Cooper 
1997). Vomiting and Lachycanlia alsLi have been rcptsrted 
(Cooper 1997 k In COCtOBt to the anxiolytic drugs and 
'PCAs v buspirone is modifled with a low abuse p<aten- 
i tial. Withdrawal foUouing LliMsaninkuiioii of iltc drug 

apparently docs not occur I Overall 11997 k 

CUNICA] iNDtCAHOHS. Buspirone hjix heen u^d to 
treat canine aggression, canine ojihJ feline sierentypie 
behaviurs. self-mutilation, obsessive-compulsive disor¬ 
ders, thunderstorm phobias, and feline spraying (Hart 

el id. 1993; Overall 1997). HusptnMK ap pww rt ly Iul% 
hecn piLniculariy useful for treatment of anxiety aw- 

cilted with slkiuI situations such as aggression nr 
marking behaviors (Overall 1997k However, treatment 
for anxiety is more likely to be successful short term 
rather than long term, perhaps because of ihe slow 
iifLsel of action characlenzing the drug. 
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MISCELLANEOUS (NONSPECIFIC) DRUGS 
USED TO MODIFY BEHAVIOR 

Progtsllni lYogestin luteficiiofl wWfc GABA fees jh | 
ion iv io-5fl times more potent than chat of hurbiuo | 
rate* {Overall 1997). This uy account for be non ape- i 

eifie calming effects of chc drugs observed in J 
merimry medicine. The advent of newer behavior- ■ 

■ r i 

modifying Aigt (tg., TCAv. 5SRI*) ^ind the incidence , 
of side effects largely limil their use to animals ihai ■ 
have nrt responded to other medications and jue faced i 
with euthanasia. | 

Several side effects have been well documented in 
animals receiving progestin* Long lemn. Among the 
more notable because of Ihcir magnitude or life-threat- I 
enmg nuLure are gynecomastia. mammary gland neo- I 
plasia. diabetes mdlitus. aplastic anemia. and pyume- 1 
tra (Juarbc-DiuL?. 1997a). Atuimli should be frequently . 
monitored for evidence of idwjtn'H. 

Pmgetiins are most wisely reserved for adjuvant l 
short-term therapy (until the socood drug takes affect. j 
i.e.« 4-^b weeks i,„ and only Lhe oral form is recom- 1 
mended. The progestin* are an alternative fur animals j 
for whoa eudnuudl is being considered:: in such | 
cases, a high dose M mg/kg orally every 24 hours) his 
been recommended in order 1o stimulalc a rapid * 
response (Juarbe-Dia/. 1997a)- I 

I 

i 

Anflic«ivul»nt5. A number of aotinavulHil drugs j 

have been u*cd to LreaL behavioral abnormalities, Tile > 
most notable of those used in animals include the bar- | 
biturate phenobarbilal. its congener primidone, arid 
phenytnin, a hydanfcoin derivative. They haw been 
somewhat efficacious for treatment oi‘ ov tractive or 
iUggressiv-e behaviors (which actually may have been an i 
expression of psychomntor epilepsy) (Overall 199"?). 1 
HCWCW, efficacy is generally dependent on sedative i 

{wd, with long-term tue, potenMy folk) effects, | 

They have largely been replaced by ihe TCAf and 
SSRIs. The side effect! of these drugs i discussed in 

Chap. I limit their lug-terra esc, although monliotv 
ing (as, with aniieonvulsant tbecipy) fniy help pimfllt 
toxicity.. 

PhenyiLnin has been useful fi>r the treatment nf explo¬ 
sive aggression in human patients. Phent^rhical may 
prove useful for controlling oceslw feline vocaltai- 
tion during ear travel (Overall 1997 } and canine 

aggression (Hodman and Shuster 1994), Carbf- ] 

maze pi tie (ail Hiunudialwiify I derives vl l i>f imipra- . 
mine) also has been used to treat explosive aggression 
in humans. Valproic acid may be useful for treatment of ' 

aggression (Dodnan and Shuster 1994) a 

I 

Narnilk Agunbb and Antniganusta. These drugs arc , 
discussed in depib m Chap, 13. JTie MMgonisfcS in par- ■ 
ticular have proven useful in ihe (realmcnl of selective 
obsessive-compulsive disorders in humans, Efficacy ■; 
also has been reported when used to treat selected self- ^ 
muLilaiioii dunlfin in dugs fe.g,. acral Lick dermatitis 
or lick granuloma) (Overall 1997; Dudman el al. I9SH: j 


Hodman and Shuster 1994; Simpson and Simpson 
199b), Pure antagonists, including naloxone and nal¬ 
trexone (lhe latter an orally hioavaalahle productl, and 
pnised agonixWaiHagonists such as pentazocine appear 
effective, These drugs btodc fj wind i receptors lhe 
assumed meduuiism of \kUiy\% js hlucLade of self- 
reward mediated hy endogenous opioid release that 

may accompany sclf-dcscructive behavior. Hydro- 
oodoK also has proven dfecthv in selective self* 

destructive behaviors in hath the dog ;uhj the cat. 

■Xittihistamino. The mildly sedative te.g., hydros = 
y/inc) or hypnotic (e 9 g., diphenhydramine) effects 
caused hy Hj -receptor blockade can be of benefit for 
treatment of none behavioral disorders. These drags 
are discussed in depth in Chap. 51 as anliemetics at the 
vestibular apparatus. Indications as behavior-modify¬ 
ing drugs might include the treatmem of chronic pruri¬ 
tus, late-night activity, problems during car travel, jutd 
selected transient hetiaviors arcunrpajikd by pacing 
and vocalization (Overall 1997). 

Beta Bludkeri. BeLa-adrenergic blockers t}e.g„ propra¬ 
nolol, pindolol) haw been ued in human medicine for 
the treatment of aggressive outburst associated wills 
self-mutilation or injury problems,, mfermiHeni explo¬ 
sive behavior, conduct disorder*, dementia, and schiz¬ 
ophrenia t Overall 1997). Howm, ihe use of these 
drugs fur similar disorders in animals has not been very 
successlul (Overall 1997). Nonse-lccttve hcia Modsn 
also have been used to Ural anxiety in human beings. 
One animal bduvkirifl reports MUtto w ith Lhe use of 
propninolol or pindolol (lhe latter also affecting \cro- 
Rnkfl IHqUon) for the ire-aluienL of tear aggression in 
dogs (Rodman and Shuster 1994k 

Stimulant*. Siimuhuiis inchide tk-xiniiLinphetumire. 
methylphenidatc (RitallndO),, and pemnlinc. SiimuLuiis 
are dunctnized by paradoxical dfccLs in that they 
cause uctavwvt m Lhe mirmiiil patient Kit h*vc ■ calm¬ 
ing effect on ihe hyperactive paiiem. Their ifidkatHM in 
human patients is far Ow treatment of arrenriun deActlL 
Conditions of hyperactivity are rare in veterinary med¬ 
icine. Proper diagnosis is imperative for successful 
therapy with stimulants. They increase sympalh- 
omimetie simulation. Sbdc effects inchide iiKte-aved 

heart and respiratory rate and anorexia. Tremor* and 
hyperthermia may occur. The drags are conlrairidicatcd 

in puLienLs wkh unUevatHibr rtfwyi. glaucmna, and 
hyporthyroidism. The drugs should nut he used in 
COrnUnation with (tier behavior-modifying drugs 
(Overall 19971 . 

NOTE 

L Pitfckin* of this chapter are reprinted fraU Dawn 
MettDO Booths Stnoil Aitbnal Clinical 
ami Jhtiuptvtittj FhiliddphhL WB Sukden Com¬ 
pany: copyright O 20(H) Mo*by. Inc..,, u. Hfl PC Wf t llullMl 
Senes Company. AH rights reserved. 
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EUTHANIZING AGENTS 



Agent Ev'aluaticm Criteria 
Agent ialegor} and Mode of Adion 
I ntialvd Vapors and Gases 
Carbon Monoxide 

Carbon Dioilde 
Hydru^m Cyanide 
Inlialiiilloiii Anesthetics 
Nfl^fgtn 
Injectable Agents 
Bartiinrates 

Chtoral Hydrant 
Ethanol 

T-fi ] Kuthajaki.\iik Solution 
Neuromuscular Blocking, Prop 
Mlsctllantoiu li^ettiblc fir-up 
Agents for Aquatic Animali 


Eulhajusui (literally u “good death™) is ihe act of 
inducing IfeuBiHino death. Etfhusll on be performed 
osing physical off chemical iMran*. hsfmnahws in this 
chapter is limited lo chemical agents of euchjnasiu. Tim; 
subject has been nmewad over (he past few decades in 
Sw published reports by Amencitn Veterinary Medical 
Aflanrimtkw (AVMA) Panels on Euthanasia. A new 
panel will be eommissniiiped won. and Likely a. pub¬ 
lished (the sixth) report of this sixth panel will appear 
before the next edition of this text. The fourth and fifth 
AV M A Panel reports i Smith ct sl B I 9JWi; Amfcms d a|, 
L W3 J and "Recommendations for Euthanasia of 
Expcrimcnlal Animals’" pints I and 1, prepared by a 
working party for ihc European Oomninioo (Close ci 
al. 19%, 1997)4 serve collectively as mi informational 
focus for this chapter and a source of animal 

Ipttkfl Iftttfic inloimunon. ITie ptescuL review also 
(klWS iidunlLiilicni fnmi an earlier ediLion of this text 

t Hatch. 19WJ- 

AGENT EVALUATION CRITERIA. ente- 

rla should he used in «valualiPig agents for amimiJ 
euthanasia. Those indtuk (I) ability lo iihluue death 
without causing pain; |2) time required to induce loss 
of consciousness: (3) time required to produce- death; 
(41 reliability; 15) Hhty of personnel* (6) potenCial for 

minimizing undesirable psychological HRS on the 


animal (ijc-i, anxiety, apprehension, or dntmu); (7) 
nunrevLTsihilily: (8) compatibility wkh requiremenl 

and purpose; (9) oudnil effect upon observers or 
nperators; (10) economic frailliflky; (11) compatibility 
Vvilh hisloputhuliigii.' cvul nut mn; ;ijiiJ (12) drug uvjdl- 

;ihi|iiy and personnel abuse poccntM. The ideal eutha¬ 
nizing agent should have the following pruperturs; 

L The agent should produce death without causing 
pain or meet Lhis condition as doady as pouibb under 
the dicunutmcei ®f the moment. 

2. The agent should nor cause or require remain 

LhaL causes undue anxiety, struggling, vocafallkWr or 
clinical signs of autonomic aciivatton. 

J. The agent should be jiasl acting; uncunxeious- 
ness and death should he imtnlMMH Off occur within 
minutes of agent administration,. 

4, The agent ( i effects should he reliably and con¬ 
sistently produced. 

S r The agent should! he safe for properly mined 
personnel to use. 

6, The agent sliuuld be easy Lo admi ulster and nut 
require ^implicated adininislralum methods. 

7, The agent should dm be a drug with potential tor 

abuse by humans. 

8. The agent’s operation should he aesthetically 
mpllbk to thoM.- people i^bM-T^ing the cvcnL 

9. T*e agent sboikl be compatible With the overall 
reason and futpue of euthanizing ilte anunalts). 

Ml r The agent and its ineihmL nf delivery should he 
economical. 

11 P The agent should nnt he a threat to the cuvivm- 

merit or pose a sanitation problem. 

12, The agent should nol caune lissue changes that 

complicate necropsy fcsulis, including. hisicipaihologic 
inspection of Llssues or toxicologic evaluation of body 
components. There should be no agent or agem-relatcd 
tissue residues in animals intended for consumption. 

AGENT CATEGORY AND MODE OF ACTION* 
Chemical ugenlx thatare used to euthanize ammjJjE can 
be calegoriz.ed As injectable drugs or inhaled vapors m 

gun. A list; is gWenid Table 18J. 

Chemkll agents ultimately end life by decreasing 
the delivery of oxygen 1 0 cells to j level incom p atible 
walk sustained cellular function. The specific mecha¬ 
nism of individual agents varies. Adequate delivery of 
oxygen is ® function of the raptnlory and eirculalury 



Copyrighted material 



Jm / Stak** J $ pram actw on the cektjwl wm? us system 


TABLE IJk I—C hi rm i d -agents CLLrrrntlv used 21 * euthuiiiiiing a^ro/ts 

[irfialalUHi agents 
C"ji rbiwi iiiurKM hSc 

CatHkhi dins idu 

Inhnlnlinri hhIk(hi (dicihyl ether. nOams, tialollwnc-. i'rnnmrane. nKtbMyfflinic^ 

NLirnjun 
I i>jeci jJWc 4g0b 
HarbiCuruLch 

CTikwjil hydrale and adjuvant 
Bitool 

Miscellaneous injectable general anesdiciies (used as adjuvanti hi other primary- agents in adfletad circumstances i 


TABLE I X.2-—-Mechanism of rctkifi of rulhuiziviE ugi-nCs 

A (seat Axttm Cmanients 


Cmbinu wMi hemoglobin. levering 

tM.yy.en LtmLenl of hhxid 

DiPHi dnmnoil <y f CNS and trfher 

vaLdl urgaiM, aikfJhctic eflecis 


liLiialuluHi agcnls 

Carl* hi nmuoudfl 
CMn dundc 

I hyiEft^eri collide 

Inhalation ncttfacbci 

NlUDfHi 
LlljLT-iaWC agChls 

Batiturllcfl 

fTlJnniL hydride and I'limhirudiuru 
Bdwui 

Wi 

Ncumrmjscul nr hlucking diugs 


Direct iiilhihiiion of cellular uiih^atton 

erf oxygen 


Dim u qt Miu p Of CNS and dtkr 

vital Lirganv 

Displaces oxygen in the inspired 
breath: kmtn oxygen coatcnl 

of ti|<H.xJ 

DfrKI dkCfHBftifll ol'C’NX; anuKUiuiEn* 
effects 

Dlrecl elepvwHHi CNtSj LinusLhtrlH.' 

efleed 

Dim depfcukHi of CNS 

DlPL'LE tlL r ]KT l ihMHI 1?f t 'N ft 


UnraudauDHi wean npidlv; 

motor iii'laviLy nuy por-sitf after 
UlbftMlSL‘tl*JsnCKL 
UviL'nnif inuvn?rfK qmif nifHilly; 

possible involuntary motor ac-iiv ity 

aliar unutm ki: in 11 n ness 

UncoucinuDBi occurs npdh; 
involuntary nirlivity mCT 

nilMtfM.'HHJSlKh'i-, (blTL^eftMlS 10 

aenoDDcJ; mady rownd ftm 
isLv of accuittabk n be lilt, ids of 
cvUmtni 

Used l.upely Use individual anipinls 

lil M.’Ln:Dcd spcLihu L'in.‘uinslaiiLirv 

Uncnscwonen occuts m^sJly; 
involuntary molar stmly may 

persist jI Lei uflLUriM'iuusiii-bs 

l lnLunsc'i^HJSiie.ss <H.~ciirs rjqsadly 
when pfwtl tvy IV rwte 
LinLiinu'kiusnif.sN occurs rapidly, 
generally reserved I'nr large 
dt'iiriL'sliL' animals 
Use with small latantasy animals 

only 

Transient struggling nary occv before 

uncnnseiniiKncss; cbjeclMHiulilc 

tissue damage may occur reoemly 


l^alysLv ceff mfrintory match's 


wLlhdniwn invm US marked 

Unacceptable for uw u a sole ignl 


Sources: MudilkU frum AVMA him.! nporti un artimli (Snudi et ul. 1984; Andrews ct ul. IWK 


Hys-lcnm and their awn unedted regulauny inefhii- 
nisniK lt L"nlnil. periptwrul. and autonomic nervous sys* 
Le-nis s 8 EurtmuitfiijE u^enis uun and yfeen do influence 
the prowsss of oxygen delivery ih one tw noUipito 

stages* Table I k; 2 lists line sites <if adtiofi of frequently 
used eudntoiziflg a^enis, 

Inhiled Vnpor^ yind Gmm 

Carbon Mono^icik., Carina mDoaude (COi conn 

frmn nuiursd sooow r^ueh us. forest fire?, and aimoH- 
phcric oxidation of methane and Ircim human activity. 
The g P EM ett Bourtt fttHfi human activity is m a by¬ 
product of interna] eombuKtiiHi engines. Il -also can be 


produced chemically (Kfauaun 1990 )l h h;L> a high 
alTmity for benogkMn iimipv than timei dut «f 

oxygen for hcmoghihiri iNumi I9R7). Its ioxicity is 
largely due toilsonmhinalmn with hcmnglohin to form 
earhi^xyhcinriglohiii. ThK form of hemoglobin cannrri 
cany oxygen. As a reyjlm (he partial preRKure of oxy¬ 
gen may nut change from normal but the oxygen con¬ 
tent of blood and therefore the amounl of oxygen avail¬ 
able 10 the tissues deeiease markedly. By its presence it 
iiikn accounts for a shift to the left in the dissociation 
curve of remaining hemoglobin combined with (Mty* 
gen. This means that it is mure difficult to unkind oxy¬ 
gen front hemoglobin al (he tissue level. Therefore, 1m 

oxygen is available to tissues by yet a different mecha- 
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mam* Carbon monoxide also cxens a direct toxic effect 
hy binding lo cellular cytochromes, 

CsbOA monoxide as- odorless, ttttdHt, nunirrilal- 
ing, and causes no increase in ventilation or cyanosis 
(blood is cherry red),. The tissues- most affected by CO 
and other rulhwiLzing agents that dlrecLly influence 
oxygen delivery are tboce nml win^ilive la «ygn 
deprivation, like iIk brain and the hcan. llncnnscious- 
ms occur* without pain or apparent appreciable dis¬ 
comfort. A concentration of 6% or greater is usually 
desired for purposes of euihanaxla. Agitaiion and 
vocalization may occur hefore loss of consciousness-, 
bul ihls can he minimized by pretrcatmenl with tran¬ 
quilizers (Chalitoux and Dallaire I y*fs3; Dallaire and 
Chalitoux. 39S5) r 

Carbon monoxide used- for individual or muss 
euthanasia is considered acceptable for small animals-, 
including dogs and caLs. providing appropriate precau¬ 
tions are taken. Tltese are di&cussed further in recent 
panel reports (Smith tu aJL I■OSfbi Andrews ci al. 1993; 
Close -cl aL 1996)'. Bociim of its insidious nature, per¬ 
sonnel safely is of particular concern with its use. 

CAIWW Dioxidi-. Carbon dioxide (OOj has been 
and continues to be used widely tu-euLhamze small Lab¬ 
oratory animals, but there is debate about which 
method and concentration should he used: i.e.*, rapid 
immersion in n gas mixture of high CO concentration 
versus gradual induction with increasing CO. cmcefl- 
tfftlkmi (Dunnemamt el al. 1997; Smith and Htfnp 
1997; Andrews et al. 1993; Close ec ml. 1996 ) It b» 
ul so been used for pres-laughter onnis of HHK food 
animals i Smith et ul. I9®6; Andrews et aL 1993; Ore- 
gory cl al. 1987), hut use for euthanasia of large labo¬ 
ratory animals is nol commun (Ewbuk 1983).. 

Time lo anevlbesiu and death m inversely lifted to 
CO, concentration (Danncmumi el al. 1997)., At low 
eoficenlfalions CO, elevates ihe pain threshold 

(Stokes eC ai e I9 *IHj, and at higher concentrations 

t<30%) it has i rapid anesthetic effect (Nudd I9K-7; 

Leake and Waters 1929; Mallsson ci al. 1972; Klemm 
|964; SiMtwn ci al, ]9Hli; CiLen and Scott 1973; 
Huusen ct id. 1991 jL Hiselc cl al. t 1967 ) showed in dogs 
llull an arterial CO., partial pressure greater than 95 mm 
Hg {alveolar concentration of about 13% al sea level) ts 
associated with arterial and cerebrospinal fluid ptl of 
less ihun 7,10 and is iflcnHkngly nwtkrtic; a basal 
level of general anesthesia IJ.ff minimum alveolar con¬ 
centration! is produced by an arterial CO. partial pres¬ 
sure: of about 245 mm Hg fan alveolar conecnl ration of 
ahout 35%), The major effect of CO, on the central 
nervous system is likely caused by alteration or Che 
iiiLruee-llulur pEI with consequent derangements of 
metabolic pTnces*es (Woodbury and Kurier 1960) The 
work of Fisclc et ai. {196-71 showed that the degree of 
CO, narcosis correlated belter with cisiemal cere¬ 
brospinal fluid pH than wiih arterial CO., parti id pres¬ 
sure. Adverse reactions such as Involuntary musde 
activity and convulsions may occur in some animals, 
but this is usually after the animals are unconscious 


(Leake and Waters L929: Hun sen et aL IWI; Smith ct 
□L. I19HG: Fordid 1917). Hemorrhaging from the niw: 
and pulmonary hemorrhage and edema are also 
observed on histologic examination of some animals 

•;Dannemujin et al. 1997). 

Carbon dioxide i* available as a compressed gas- in 
cyliodm. Oxygen cam he mLled in km coiHffltiatKtt 
(15*20%) If desirable to minimize or prevent hypoxic 
condition* during CO inhalation -iCocnen etal. 1995), 
Carbon dioxide Is nonflammable and nonexplosive and 
thus represents Little hazard lo personnel. Additional 
information on the ptiurmncnlogii: effects of CO. can 

be fbmd in Chap. 10. 


HyPAOOCN CVAMIDE. Hydrogen Cyanide {HC) 
induces rapid death IWHf it Mocki mitochondrial 
utiHzHkn of oxygen. Cellular respiration is ItUB inhih- 
iled and cytotoxidiy reMilLs (KIiukd 1990), Convul¬ 
sions may occur, usually following uncntsrinuDeM, 
jind an presumably related lo cellular hypoxic 
lions in the hrain. Uh poses a substantial risk for 
to animal handlers. Hydrogen cyanide has been 
removed from the AVMA Panel’s list of acceptable 
methods of euthanasia (AVMA 1991; Andrews ec aL 
1993). Therefore. its action will not be further dis¬ 
cussed here. Additional infonnaEiun can be found in Lhe 
panel's reports {Smith et al. I9W6: Andrews el al. 1993) 
and elsewhere I KLuasxcn 1M0) 


Inhalation Anesthetics. The iduiAikm anestbe* 

icL including diethyl ciiw. Wothm, medHftyfhjniie, 
enflurune, taflurane. sod the recently introduced 
§em0uiue and desfluraoe. may be used to cuthani/c 

animals via overdose. With smalt animals, any of these 
agents can be delivered hy placing an animal or ani¬ 
mals in a closed receptacle containing gauze pledget 
soaked with the anesthetic liquid. Aliernaiively, the 
anesthetic ean be detlvered under more eontnotted eiF- 
cuiTLslaiKcs hy inlniducing the anesthetic along with 
carrier gas into a chamber or chambers from i flowmc- 
icr-vaporizer assembly, cquipmeni ^imila^ lq chai used 
in lhe clinical delivery nf inhaled aneslhclies in 
paAienls. The inhalation aneslhelics are generally less 
desirable than in her ledinitfues because lhe prolonged 
lime to death may he excessive, especially with the 
mure soluble agents such as ether and methoxyllurane. 
The species is Abo a GttfOT in ihts decision (BkduhiW 
ce al. 1988). 

The anesiheric pmcncy of nitrous nxide is too low to 
be used hy itself as a euihimi/ing agem mukr ihns cat¬ 
egory. Al Inspired concentrations of nilrems oxide 
greater than 80% (sea level conditional hypoxemic 
cundiEiuns exist. Human abuse is- u potential with Lhis 
drug. 

The long-ierm ad.wr*e effects on heahh fmm mu- 

pational exposure to grace cnncenlration* of waxle 
anesthetic giLscs is a controversial subject. Present 
informalion indicates that inhaled anesthetics have no 
more lhan a low poiemial for causing long-Lcrm toxic- 
ily (Baden and. Kite 19901. However, until definitive 
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information ls available.. is is best to consider dial all of 
the inihakd am^lhclie* are potentially hazardim* to 
personnel who me chronically exposed. 

Nitrogen- Nitrogen (N,) is a colorless. odorless, 
inert gas that Dcmstihiles about 19*% of normal atmos¬ 
pheric air. It is readily available commercially as a 
compressed gas stored m cylinders. 

Euthanasia is induced by rapidly replacing I he air 
within a sealed chamber with pure N r al Unfabtt pres¬ 
sure. The N, displaces oxygen within the chamber and 
hypoxic conditions result. Unconsciousness occurs 
rapidly^ hue gasping, yelping, mu^le tremors-, nr eon- 
vukionv may precede death Newborn animals are nut 
culharli/ed by this, nk-lhudl a^ rapidly as older animals;; 
therefore, N 3 is not recommended for euthanasia of 
lliese animals (Smith et al. 198b). Nitrogen gas is con¬ 
sidered iin acceptable agent for ma^s euthanasia, but in 
many situations olher method* are considered prefer¬ 
able (Andrews et aL. 1993). 

Injectable Ageflbr Norti dilatation agents can be 
administered via a variety of routes., iln (lie past. inira« 
venous, intracardiac, inlraperiLoneal. intrathecal, in Ira- 
muscular. intralhnracic. subcutaneous, rectal, and oral 

route* have been used. Preference i& given lo [he intra¬ 
venous route because the effect is most rapid and pre¬ 
dictable. Contemporary opinion does not support the 
routine use of intra cardiac, intralhoracic. and iniralhe- 
cal routes, especially in outdated iKr-iillliy animals 
(Andrew's, ei uL 1993). Adminiistrjtkm of dregs for 
euthanasia via Ihe oral, rectal, or subcutaneous mules is 
generally inadvisable because of prolonged onset of 

action iSmKHn ei al, I9h£>; Grier 1991). 


Barbiturates. The barbiturates arc used extensively 
for erulhanasifl. They may be administered by a vunsety 
of routes hut intravenous is preferred for speed of 
uncunsciouswss and lack of trauma. There is a rapid 
progression from uncimsckniMiess to deep general 
anesthesia, respiratory arrest, and finally cardiac arrest. 
Pentobarbital alone or in canbioatim w-ith other 
depressant drugs is most commonly used to eullillbf 
individual aui mah. It U mu suitable fur mass euthana¬ 
sia because of the technical expertise required and the 

need to handle individual animals regardless of their 
temperament or the available facilities.. Barbiturates 
require professional supervision and are listed as 
Schedule II drugs under current Drug Enforcement 
Administration (PEA I regulations. Human abuse 
potential is of concern. Meat from barbiturate-eutha¬ 
nized animuK should not be used for animal (or 
human) consumption. 


CHLORAL HyBRATE, This drug, like the barbiturate*, 
enures progressive dose-related centra] nervous system 
depression. However, because some of its accompany¬ 
ing actions (e g., slower onset of action vs. barbiturate*, 
gasping, wefltizattaro) in otherwise unmediLared ani¬ 
mals are considered by some objectionable, it is not 


recommended by the AVM A Panel for routine ure widi 
dogs, cabs, and other small animate (Andrews et al. 
1993 ), 

Chloral hydrate and mixture* of chloral hydrate, 
magnesium sulfate, and pentobiirhual have long been 
in use as an anesthetic for targe domestic animals, 
especially horses. Intravenous overdose of these chlo¬ 
ral hydrate mixtures is suitable for euthanasia of indi¬ 
vidual large animals. 

Chloral hydrate and its mixtures are classed as 
Schedule IV drugs under DEA regulations. 


ETHANOL. Ethand! IS a widely available drug wilh 
potent hypnotic and sedaLive effects. tL has recently 
been advocated as an al Cental ivr and effective method 


of euthanasia for small laboratory animals (e.g., mice) 

(Men et at.. 19SK). 



is a primary central nervous system depres¬ 
sant. As blood ethanol ciifieenifatioti is inereased, gen¬ 
eral impairment of nervous function occurs followed 
by general anesthesia and ultimately coma and death 
via respiratory arrest, condition* not unlike actions 
related to increasing doses of taibiturates. In one study 
of mice, 7(tf£ ethanol injected intraperilnneally report¬ 
edly caused death in 2.68 minutes with no discomfort 
observable aii any individual (Priest el a]. I98B L 


T-til Euthanasi a Solution. T-61 is an injectable 

drug oris lure marketed as a iKiii-DEA-cniUrolIed 
alternative m barbiturate solutions. It; is a mixture of 
m agent with general anesthetic properties (A r - 2- 

[ me thoxyphe nyl | - 2 -ethyl butyl-1 - hydro* ybu ty ra- 
mide). a muscle relaxant (-M'-methylene fr/.f-cyelo- 
hexyl-iri-methyl ammonium Iodide)- and a local 
anesthetic (tetracaine hydrochloride). Each milliliter 
of T-61 contains 200, 50, and 5 mg of ilics-e compo¬ 
nents, respectively. 

The agent has been recently withdrawn from Lhe 
market in the US but is available in Canada (Andrews 

et oil. 1993). There is no human abuse potential. 
Because it cause* dirnifon when administered 
Hlnwreulirly, T-tSJ should only he administered 
inteavenoosly. The agent is unsuitable in many cases in 

which postmortem tissue studies are desirable because 
of widespread undesirable effect* on structure and fcao- 
chem retry of tissue* and body lluid (Prion et al. 1988; 
Hellebrekers et al. 1990: Doughty anti Sin art 1995), 


NEllRt.iM USCULAR BLOCK INC. Dr I 'm, N'enmmuscu^ 
lar blocking drugs, also referred to as curarifnrm or 

peripbern)- acting muscle relaxant drugs, must never be 

used by themselves foe euthanasia. Drugs in this classi¬ 
fication include curare (d-tubocuiurineL succinyl- 
ehotine. pancuronium. and airacurium. They induce 
death by immobilizing the respiratory muscles, causing 
luital suffocalkm. There is no central nervous systrm 


depression. Animals site immobile hut fully conscious 
and sensiiivc to iheir immediate surroundings and body 
pan manipulations. The use of these drugs us sole 
agents for euthanasia is unacceptable. 
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MrSO£LLAh"tdiL'S INJECTABLE Drugs. A wide vari¬ 
ety of fliKsificstU: LLTid wsthedc adjuvant drugs (Chap- 
9i may be usclul in allaying! animal apprehension and 
facilitating enidm-l of animals presented Inf euthanasia. 
Header mc enrour^gfid so review pluiitnacok^ical 
advantages- and disiwivurilages in appropriate sections 
elsewhere in this lexL 

A imitVher of drugs luivc been used. alone in the pass 
euthanize animals but are iww considered undesir¬ 
able. These include strychnine and nkfiCine (Smith el 
a]. I yS(ik In addition. drugs such as digitalis zindl cal- 1 
cium. magnesium, and potassium ions ACt directly on 
heart muscle and cause death by stopping the heart. 

Thev have no effect on conscitsusness and arc nert anal- 

■ 

gestc. Therefore, they loo should not be used alone m 
purposely end life. 

AGENTS FOR AQUATIC ANIMALS. DtacutiskMl 

in (hi* chapter fia\ toe used on chemicals for inaiEimaK 
and birds. Some of these agents may also be u^'d. tor 
cawing humane death in aquatic animals., e.g., jwitto^ 
barbital via injection. In addition, agents- may be placed 
in the water environment tor absorption through the 
skin and gills | Andrews et al. 1993; Close es al. 1996). 
Fur example, inhalation anesthetic agents may be bub¬ 
bled into the waiter environment. Benzocaine dissolved 
in acetone before adding io tank water is an effective 
.irid humane method of killing fi*h and amphibians-. 
Death occurs ftifocqucnt Kb generalized CHS depres¬ 
sion. Trkaine methane sulphonate (MS-222), a dose- 
related CMS depressant, as cnmmnnly used as a general 
anesthetic tor fish and like barbiturates may be used m 
overdose fur a t'uLhanusiu agent. 

Euthanasia of ii pet animal \s u very sensitive situa¬ 
tion for the clienl-vererinariaii relationship (Edney 
198-9; Cohen and Sawyer 1991; Kay et al. 1988) and 
must satisfy humane and cthkal tests. It is a procedure 
that is common to varying degrees, in most companion 
animal health care facilities (Gorodetsky 1997) and its- 

conduct requires careful oousidefatnn and empathy on 
Lhe pan of the veterinarian {Randolph 1994). 

Laboratory animal euthanasia also must ^ali^fy sci- 

ciitifie criteria. For example, HfLhunasia per se might 
idler cellular ifdiiteeiure (Feldman and Gupta 197b; 
Port ct al- 1978; Pricn gj al:. 1988} or cimipoiienlx of 
hewt immune defends (Howard cl nl. 19*81, Lord ei uL. 
1991) or usher aspects of laboratory study. Accord¬ 
ingly. -agent selection is mutLi Factorial and complex. In 
many cases, in form a Lion on which to base a sound! 
decision is lacking. 
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HISTAMINE. Histamine is a biogenic amine delected 
in lhe early 1900s as a awimofi bacterial-source eon- 


l^iminani of ergot extract* (Dale and Laidlaw 1910), 
Because histamine evoked a contractile response in 
smooth TBMrtel and also Lowered blood pressure, 
attention was drawn to similarities between its actions 
anil ai^phylaetie-type reactions. Histamine was dis¬ 
covered in mammaJian tissues and found Vo be released 
upon cellular trauma, leading lo the theory of histamine 
as an endogenous. mediator of tell injury. Subsequent 
studies have provided a wedlti of physiologic and 
piithopliysiologie roles for histamine quite apart from 
simple cellular trauma i Barnes et aJ. 1990; Kulus and 
Meceley 1992), This amine i\ involved in Lnflamma- 
lions, anaphylaxis, allergies, and certain types of drug 
reucticms. and it regulates gfkltrk secretion fOhrinli 
1991: Monti 1992: MitsuMi and Pay an 1992). Hist¬ 
amine itself is not used therapeutically, but antihista- 
minic agents are commonly used lo inhabit effects of 
endogenous histamine. 

II B , U 2 > mid H, lliwluminv Etoplm Histamine con¬ 
tracts several types of smooch muscle*, including those 
of the bronchi, gut. and large blood vessels. In contrast, 
small arteriole* are related by histamine lo the extent 
that peripheral vascular resistance and Mood pressure 
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full. Capillary pciTneiihihty is ddewL Gwflric secre¬ 
tion of hy druuh lurk acid is sttwlurd us uni a cr etoy 
activities rtf nKer omcriK gtanh. In human, fluhlng 
rtf ilk.; fuKriml skint amJ burning -and itching Witsuliimi uIm) 
arc evoked Wfth targe imm of hi siamme. blond prcs- 
hvc piQgreuiwly f+ilts and as icanputHd by herm>- 
cvnoaMHfl «ud by extravantkn of plasma. "HiM- 
aminc shock" may tefirrinUf in derih (Pearce 1091). 

Responses to histamine can be explained by activa¬ 
tion rtf specific histamine receptOrt im various target 
cells. Analysis of ItistlfDilK -tecepCur InterACtkMU was 1 
advanced by Bovet and Siaub (1937), who described j 
the fifsi utiMctamlK. This type of drug KHUpctfeiveiy 

inhibit several biologic effects of hibt4ijiiine and pro¬ 
tects guinea pigs from ihe high lethality of iinstphytoc* 
tic shock. Ash and Schild 1 1 'J66 \ suhscqucnily glinted 
out Lhe likelihood fur two types ofhistamiiie rccvpbn 
in omurmtalNio tissue. This theory wet based nr the 
knowledge that convent kuud 4intihisEaininic drugs 
available id that time, such as pyriUmine 4uhl diphen¬ 
hydramine, Nocked only certain action of histamine, 
ruber activities, mst aotaldy stimulation of gastric 
■ecrelioa, were wan amenable lo inhibition by tad 
drugs and were therefore (bought In he mediated by a 
s eco nd type of receptor. 

The eustem of two general types of histamine 
reception m confirmed by Black ei a I. (1972), who 

conducted a systematic pharmacologic smdy rtf com¬ 
pound* derived from the hfk 1 structural components of 
htslirniinc, Based on Ibis investigation. histamine 
receptors were designated » histamine type I (H ) ansd 
histamine type 2 (H.i. Histamine-induced contraction 
of bronchial and inics-iinal smooth sutick is mediated 
through H reception amt iikhilviied by pyrifantine 4iinJ 
other standard ajitihisiamincs, (now called H., Mockers L 
Jn contrasl, histamine-induced stimulation of giLstric 
secretion is mediated by H.. receptors and inhibited by 
khe newly available IS, blockers buninamide. 
metamide. mid cirneEidine. Different UfitemiDe reccplut 
igouistA likewise display preferential action 4it noepur 
subtypes.. Far example, 2-mefthylhistimiu evokes 

raiher vfkctive ggonUi actios ai lil receptors; whereas., ! 
4-methylhiHtamine acLs prrferciil tally al H, rceepEors. 

Studies have tilso indicated yet a (bird class rtf hista¬ 
mine receptors. These H. receptors are believed to be 
Linked to inhibition erf 4idenylyl Cyclase Lhrough an 
inhibitory G i protein < Arang el al. 19W7). H a jecefrturv 
may be kralffd to ihe central nervous system (CNS), 
urn! their Eherapeutir relevance lo veterinary medicine 
remain^ to be d huurtm i 

Endofttnou* Histamine, Hlstuiine h 2-(4-imUla- 

rolyl) eihylamine iFig. MM); it is derived from the 

dCe 4 irhiPh.y]a[iLHi tif an u.ilSar'iL? acid. histidine,. ririfeicr- 

siem of histidine In hisLamme is catalyzed in mam¬ 
mal i-ioi tissue*, by a specific cn/yme. histidine decar 
bu-xylase: Lhis en/yine is present in all cell types lluil 
contain hi^laini ne. 

Hisiarniive fe widely distributed chroughom miim 
mal i4m tissue, but ooncentnfiovH vary couidenUy in 
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differavt species; ^usnlirios of circulating hista¬ 
mine are relatively high m the gc74it 4iOd rahbil hut low- 

in chc hone, dog, cal, and human. It is generally 
accepted thill most of the hi famine stored within the 
kidy is derived locally from enzymatic decarbiisyta- 
lion of liisladtiK. 1 . Dkttiy hEStantkie ami histamine pro¬ 
duced by eiMerk backeria une disposed of rapidly after 
iihsrifpciLxii inm ihc jurfiiil circdalkm und contribute lii- 
tic or nothing lo tissue siorjge sites, 

Two general stem of histamine cun lx- idealised in 
mammalian species” chc inasi cell ptHil rilude up uf 
mast ceils Am.! buophDs 4iud the noo-mui cell pool 
kseali/ed in the gaslroin£e«tiiud (GI) truce. CNS, der- 

hkLs. uJki oilier c?r^ans., These ptsmls ktitl^r rinl inily 

in cellular locale hul al-s^i in ncspi^n^b^itess cl> physb* 
logic and phanriacLilrtpie stimuli. 

The mast cell pool of highly concentrated hkLamine 
i& distributed in connecOvc tissue Ihniuphtjul Ihe body. 
Circulating bastiphils. free Cfti flfl p Ws of Had-tiCTW 
mad cells-, also contain high conccntmlion:-. of his-la- 
Itttoe und are jrrx^uped with the mast cell because of 
hiLsic stmiluriiics. Wiihin rhesc two cell types. his.i4i« 
mine is synthesized raihcr sln>\vly and stored tena¬ 
ciously in secretcuy granules; hence, tummer r;ile ii 
tow, Experimental drugs such as compound 4H/E0 have 
tht’ intercs-liaig Opfebilky of liberating hisLamine from 
storage granules. Because of ihe dow turnover nice, 
masi cel l siorcs are replenished slowly after exposure 

el> a hislamiuc-relcasiiig a^eiu. Hie malt cull pnu-l rep 
resenls the histemine that paoieipmes. in innamifei4itLNry- 
lesponses^ illnpc phenomeuk shock. Mime ndvo» 
drug rcuctirtiis. -and other forms of cellular msult. 

The preciK ceUutar knlintlou ud physiologic 
huebom of the non-mut cei pool of histamine within 
the |»tne mucosa, brain, and skin are not known with 
certainty, Histamine in ihcv: regions, in coflUvl in the 
mast celt pnol, undergoes a rapiLt [urnnscr rate; it is 
synthesized and relwcd continuously nrtber ilian 
being suwed. Funciiona) rolre of this new |y synthesized 
or nascent hisunibc are under considerable imcsliga- 
Li^n. Portions of ihis hidunuic « pncflcnt within neu¬ 
ral ekmemts, and Ktirotrantnituf functirtiis have been 

propound, fn the ^itlnc AIUCOH, :l ' ,, lcn"ii h<iniHine~ 
action of tudunfllK concmls gjstriL seereLion. Interest* 
ingly; non-mast cell histamine is generally resistant Lo 
Lhe hi.d*iinine-re leasing drug-s such as oompoufid 48/80. 

llLsbiiiiin^e Release. JtisLamine is liighlv cuurceuLr.iLcd 

in masi cell gnnukt, where it h stored wifi a heparin^ 
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protein complex. proteolytic enzymes. and oLber lluLi- 
curds. Etfikaw of histamine basically as a iwo-siep 
(h nm sudden eiocytctic extrusion of granules from 
Lhe cell and release of hi stand ne from the granules irtOu 
the interstitial milieu. The latter Offitn as an inn if 
enchudge reaction between extracellular cations and 
molecules of granular histamine. Release am be initb 
ated by iii variety of stressful stimuli* including Maphy- 

laxis-allerpy. di He rent drills and chemicals, Lind physi- 
cal injury. 

Anaphylaxjs and Allergy. HyperansltiiVLLy phe¬ 
nomena associated with a n 1 i gen -antibody reactions 
evoke active release of histamine from the hum cell 
poof. Free histamine then plays an important rule in 
mediating physLologk: manifestations of such reactions 
as vasodilation. iichtag* sflnodi muscle coairacckm, 
and edema. Oilier auiacokb also participate in tissue 

responses to hypersensitivity reactions. Signs of hista¬ 
mine idvolvernent in systemic anaphylaxis vary in dif- 
ferent species. In carnivores, hkiamine and anaphy¬ 
laxis. produce pronounced hypotension ■ n d 
hepatomegaly. In rabbits, pulmonary arterioles con¬ 
strict and die ngjhl heart dilates in response to either 
histamine injection or exposure of a sensitized individ¬ 
ual to the appropriate antigen. In guinea pigs, dominant 
manifesiatinns. are bronchial constriction and death by 
asphyxiation. Humans seem to respond like guinea pigs 
and dogs in that severe hypotension, bronchial con¬ 
striction, and laryngeal edema are principal signs of 
anaphylaxis. 

The mast cell pool of histamine represents a major 
target few acute types of hypersensitivity-allergy reac¬ 
tions, Expub km of the granular contents of mast cells 
and basophils is initialed by interaction of specific anti¬ 
gen and cell-bound reaginic (igE) antibody. This inter¬ 
action. increases permeability of the cell to calcium ions 
tCV">, Tine resulting influx of Cat** from the intersli- 
tium then evokes release of lubiunine in a mamerbasb 
eaily amlop^ to the secretory responses of various 

endiXTine and exocrine cells to ihcar respective seercL- 
agognes (Douglas l¥74). Release is an active process, 
requiring metabolic energy as well as C_'a 4 \ and should 
be distinguished from simple release secondary to cell 

destruction and cytolysta. 

The ubiquitous cyclic adenosine .V',,} 1 '-monophos¬ 
phate j-cAMP) system may be involved in histamine 

release evoked by antigen-antibody interactions. 

Sindies indicate that an increase in t-AMP concen¬ 
tration suppresses histamine release (Lichtenstein 
and htargpljs 1968), Agents that activate adeiiylyl 
cyclase (e.g., catecholamines) or inhibit phetsphodi- 
esterase (e.g., xanthines) can be anticipated to 
inhibit the release of histamine* The beneficial 
effects, of drugs widely used in treating allergic dis¬ 
orders, such the catecholamine* and theo¬ 
phylline, may therefore involve inhibition of hista¬ 
mine release in addUion to ihcir well-known and 
more important physiologic antagonism of hista¬ 
mine actions on target cells. 


Drugs amd Chemicals. Many drugs and chemicals 

produce direct degranuIaLion of mast cells witb release 
of histamine independently from development of 
allergy. This characteristic action represents an unto¬ 
ward side 3 effect associated either wish intravenous (IV \ 
administration of a relatively large dose or direct iirtra- 

demuil injection. Conversely, certain chemical's have as. 

their dominant property the ability to release histamine 
Fmm ihc mast get! pool, 

The turare-alkaloids- are used clinically as neuro¬ 
muscular blocking agents (Chap. 8 k hut they also are 
notorious for releasing lirelaiiiine as- an adverse side 
effect: in some species IV ijijectioii uf there agents can 
be followed by hisiamine-iirduced bnwidlOspasm and 
hypMensimi. Ollier clinically used drugs that may 

release histamine include morphine, codeine^ papaver¬ 
ine, meperiidiiK^ polypeptide antibiotics (polymyxin L 
atropine, and. under some coodhiom, even sympath¬ 
omimetic amines. Histamine release usually is signifi¬ 
cant wiA must of these agents only when large doses 
are used. 

Certain other chemicals have been classified simply 
as hisLamine-releasiiig agents because this particular 
activity supersedes Ihcir other pharmacologic proper¬ 
ties, The best known and nun active is an dtpuc base 
called compound 48/80* a condensation product of jm- 
ntcthaxypli^ with formaldehyde 

(Goth and Johnson 3975), Injection of compound 
48/80or other similar agents evokes classic phamigeo¬ 
logic signs of histamine release LhaL are susceptible to 
blockade by antihisLaminic drugs. Tachyphylaxis in 
repeated injections Is characteristic of these chemicals, 
presumably because of decreased availability of 
rcbslblc stores of histamine. Other substances such 
as dexiran. ovomuci.Md (from egg white K histones, and 
lysosomal enzymes also can release histamine, depend¬ 
ing upon the species. Endogenous substances that pro- 
soke histamine release and may be involved in physio¬ 
logic release meehanism's include bnsdykimn. kallidin* 

and substance P. Cellular reactions to many venom 

and toxins also involve histamine release. 

The basis for species-dependent action* of different 
releasing agents has not been clarified, and little is 
known about cellular mechanisms of drug -induced his¬ 
tamine release phenomena- Compound 4&Ti0 not only 
elicits release of histamine but causes complete dis¬ 
charge! of all the granular contents of mast cells. This 
process is Or and energy dependent, but it is not 
known if such drags net like pseuduantigen* at cell 
membrane* or directly mobilize cellular calcium 

instead (Douglas 1974; Goth and Johnson 1975k 

PHYSICAL Injury. When the skin is scratched Of 
pricked, the characteristic redness and umcation that 
result are due to hislamine. l"hiv response is quite prci- 
DOtMKd in hunuitt. Dermal reactions to severe cold or 
heal stress likewise depend On histamine liberated by 
local mati cells. Physical injury of virtually any type 
sufficient|y intense m damage the cells will also evoke 

release of histamine. 
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Rote in Health iinri DiscuM 


Gastric Sbcretdom , Histamine is a potent imuiam 
of hjfdrachku; acid secretion by the gidtric mucosa. 

This finding led early iirrestigatoo- to portray endoge¬ 
nous histamine as the final ciimntufi mediator of gastric 
seereti-nn, irrespective: of whether stimulation unses 
from chemical,, mechanical, or nervous elements. Full 

acceptance of this theory was delayed for over 50 years 

because conventional antitiisLaminic drugs available at 


the time (i.e. B the H ( blockcra) tailed to pRWflt gastric 
effects of histamine. This impediment was surmounted 
when Black el si (1972) reported ihur die new H 2 - 

blwdking agent* aft? quice efficacious in inhibiting gas¬ 
tric stimulant activities of histamine and its confers, 
H!j-blocking drugs also reduce the gastric secretory 
response evoked by ingestion of it meal or admuHStra- 
timi of nllwr the gastric hormone gastrin or its syn¬ 
thetic derivative pentagastrin. 


NiURONl Locally released or injected histamine 
stimulate-* sensory nerve endings, thereby evoking the 
classic symptoms of itching and pain, Histomiite also is 
present in ik brain, where it is enneent rated in the 

hypothalamus; subccllular diMributitm ytudiM have 
Localised hisiamilK to nwve ending These and 


related \Ludies, in conjunction with Ihe obviDUfl CNS 
effects of histamine blockers, have prompted the sug¬ 
gestion that hiistaminergic neurons are prevent in the 
brain and that histamine released from lhes« fibers 


functions us a neurofrunsmitter Some investigator* 
have proposed Ihe existence of peripheral efferent hlst- 
aminergie nerves; these fibers are envisioned as sub¬ 
serving vasodilation and participating as active eunipo- 
im(N ut relit A VJLSOdilatKUn in conjunction with the 
passive withdrawal of sympathetic vuoconstrklor Lone 
in this- refles. 


OTHERS. A variety of biologic roles have been pro¬ 
posed for endogenous, histamine in addition to those 
previously addressed, including Bocal regulation of ihe 
mleiocLrculalory response lo injury and inflammation, 
some type of anabolic activity in rapidly growing or 
repairing tissues, systemic signs associated with exces¬ 
sive numbers, of mast cells or basophils. and involve¬ 
ment in different types of headaches in humans. In 
domestic animals, histamine released from damaged 
tissue has been suggested as a mediator in several 
pathologic stales, including allergic reactions to dings, 
venoms, and other antigens; ruminant bloating; 
iwerealirvg and other Gl disorders of ruminants; Lamini* 
tis; .i/Lrtwria; retained placenta: pneumonia: gul edema 
of Ihe pig; and various types of circulatory shock syn- 
dromes (eg., septic shock). Except for allergic phe¬ 
nomena, however, the role of histamine in these candh 
l ions usually is more empirically based Lhail 
expcrinicntolly founded. 


rapidly by the Gl tract and liver. When injected intra¬ 
venously. histamine produces a spectrum of character¬ 
istic effects. 'Iliesc activities include smooth muscle 


contraction, hypotension, increased gastric secretion, 

dermal reaettofK and others. 


Difficulties are encountered when attempts arc made 

to designate H,- ot H q -receptor responsibility fot each 

action of htatlfitbte. In MHBMi tissues, H and H.. recep¬ 
tors are complementary and subserve similar 1 issue 
response*. In contrast, distinct and even opposing func¬ 
tions of the two receptor types, have been identified in 
some tissues. Species differences are formidable iind m 
most cases await further study for classification, In the 


following paragraphs, only the more representative 
examples of H ( - or H,-receptor involvement, when 
known, are discussed. 


CARDJDVt$CtH4A SYSTEM. The principal circuit 
tory efleets of histamine are dilation of tormina) arteri¬ 
oles and other vessels of the miciDcirculaliotl,. edema 
formation caused by increased capillary permeability, 
and crwiLracLion of large arteries and vein*. Relative 
dominance of the different action* varies in different 
species ffi dial ncl circulatory response to histamine 
changes as. the autilogte scale is ascended; e.g., arteri¬ 
oles. ate onnlraclcrt strongly hy histamine in rodents, 
less so in cats, and actually are dilated In dogs, nonfiu- 
m#n primales, and lmman:i. 

In rabbits, histamine is a pressor agent as a result of 
proiwHjjk:edl constriction of large blood vessels. This, 
constrictor activity is feeble in carnivore* where 
vasodilation tif the microcirculation dominates inslead. 
Thus, the hloodl pressure response lo histamine in cut*. 
dngTw, and primates is hypotension caused by a ishaip 
fall in peripheral vascular resistance. The fall in blood 
pressure is dose dependent but is usually short-lived 
because of compensatory reflexes and inactivation of 
histamine. 


The striking effects of histamine on the microcircu¬ 
lation can hr demonstrated quite ennvmci ngUy in Ihe 
human subject When this, agent is administered intra- 
dermslly,. a characteristic triple response is. produced, 
which include* localized redness ai the injection site. 


developing w ithin a few seconds and attain.ing maximal 
hue within a minute; localized edema fluid, forming a 


wheal in about 90 seconds: and diffuse redness ot 


“Hare,” extending about 1 cm front die original fed 
span. The ttflfll redness and edema are from the dila¬ 
tion and increased permeability of local inicrocircula- 
Etsry vessels t terminal arterioles, capillaries, and 
venules), The surrounding. Hush, which is accompanied 
by itching, and perhaps pain, is due to dilation of neigh* 
boring arterioles brought about by a poorly understood 
axonal reflex mechanism. The triple response of human 
skin may be similar to manifestations of urticaria in 
animals. 

Vascular actions of histamine formerly were 
believed to be mediated solely by H, rceepton; how¬ 
ever, It now seem* that both types of histamine recep¬ 
tors are involved. The vi^odilaiOf response to H^reeep- 



Phurmacolupv Kftci ts. H i hi amine adm i nistcred 
orally hiis essentially no effect because it is destroyed 
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clw activation occm ;u low diwus »f histamine and ii 
rapid in onset and of brief duTaiion. The FL-receptor 

vasodilator response lh evoked with larger dows ;uid is 
slower in onset and of longer duration. The inull-Wt* 

scl penne-abilily changes evoked by hbUflline are 

clear!y mediated by receptors, while the role of H.. 
events Lk uncertain. The precise ratio of H- anti H ? - 
reccptor involvement in vascular responses to hista¬ 
mine vines in domestic animal specks; some of tlm 
mure importune species differences were reviewed by 
Hlrschowfez (1979), 

Cardiac effort* nF histamine are minimal when com¬ 
pared KB vascular aeiicrfis,. In the intact animal, slight 
tachycarriu k a romran finding. Thi.s response is 
mainly secondary to baroreeeplur Rflna activated by 
the depressor effect In isolated bean muscle, hutafitra 
can elicit punitive inotropic and dVDUVDpk effects 
that are due partly Co release of iKirepiitqihrinc from 

nerve endings and Also to direct active inn of H. recep¬ 
tors in the heart muscle. Them is some evidence that In 
vivo cardiac responses to histamine injection may par¬ 
tially reflect activating nd cardiac- H, tfceciiiurs 

(Hirschnwitz 1979), 

NON VASCU LAK SMOOTH MUSCLE. IJ Maw i lie COO- 
tracts bronchial smooth muscle via H. receptors in 
numerous mammals including the guinea pig, rabbit, 
dng, goat, calf, pig, horse, and human (Chand and Byre 
I97J). Guinea pigs arc exceptioiiilly sensitive, and 
even minute doses of histamine can evoke hronchncnn- 
slriction leading to death. Human* with bronchial 
asthma likewise demonstralc increased sensitivity to 
bronchial ellecls of histamine ;md other bronchial 
smooth muscle stimulants. In contrast, histamine can 
mediate relaxation of respiratory smooth muscle in 
some species. I list amine-induced Iruchea! relaxation in 
cats involves botii H, and H, receptors, while bronchial 
relaxation in sheep seems to be mediated by H, reoep- 
lorstHirscliPOwit/ 1979). 

Relaxation of the nil uterus by histamine is mediated 

by H ? receptor^ but uterine rnuaefe of other species m 
generally contracted by histamine. Responses of intes¬ 
tinal muscle also vary with species and region, but the 
classic effect is a contractile response caused by 11 
receptors. Although an indirect component mcdialed 
by neurul dementi? may be involved* ffluoth muscle 
effects of histamine chiefly involve direct ictkriu on 
the muscle itself. 

Exocrine Glands, The following e&mInc glands 

are lifted in descending order of response to histamine:; 
gastric, salivary; pancreatic, bronchial, and lacrimal. 
-Gastric secretion of hydrochloric acid and. lo a lesser 
-degree, pepsinogen is unquestionably the most impor- 
Liint, Lhis response is mediated by If, receptors. 

MKHANI5M or Action, The H | receptors in Mime 
cell 6ypes are linked to aclivaLion of phospholipase C 
and the resulting increase in inositol triphos-phate and 

inirtfccellular Ca-, Thi.s proem nut likely Involves a G 


prolein, as discussed in C'hap. S (Lambert 1993). The 
H. receptors al *o utilize 0 proteins linked lo activation 
of adeorylyt cyclase and it§ inemnd synthesis of 

S’AMP. culnvinali-ng in arrival ion of the IuLLct's Lrilocul- 

lular receptor; pnntin kinase A. 1 merestingly. the 
vasodilator response elicited by fflddhrtill H. recep- 
Lors involves activation of nitnc oxide synthase und 
release of endotlMrUiiml-derived lltrk oxide. The 
va.^ dilatory H, receptors, on the other hand, are local¬ 
ised on the vascular smooth muscle itself, 

hicitransfumiiitici-n. Histamine administered orally is 
, poorly absorbed, hut absorption is virtually complete 
after parenteral injection. Pharmacologic actions are 
brief because of rapid mcuhnlism and distrihution into 
tissues.. Exogenous histamine can be incorporated into 
storage grinds lo row extern; however, ihis pathway 

is probably iLiiimporiant m endogenous storage [Anils 
of the amine, 

BioUiinsforwiLiion of histamine involves mediylui ion 
and oxidation. as shown in Fig. 19.2. Hislatnine is 

acted up^m hy the enzyme histamme-.'V-methyltranx- 
1 'ltu.sc (imidaz.ok-.V-meLhyltransfcTAM:| to form 
mcthylhistiiminL 1 : most of this metahohle is oxidized to 

methyllmktaacle acetic acid by ffw euyvne 

monoamine oxidase The second pathway is 

oxidative deamination cutely zed hy the enzyme 
diamine oxidase (histammasek to form imiduzolcacetic 
acid, which is conjugated with rihnse as riboside 
(>2$%). Only a small percentage of the primary amine 
can he ucetyfcaLed in the G1 tract, absorbed, and 
excreted in urine (I%X borne free histamine is also 
excreted in urine (2-3%), 

Medical Use. Clinical applications in humans involve 
Use of histamine us a test agent for achlorhydria. in 

diagnosis of pbcochrHUcytnuL and for production of 

the triple mpoiK to evaluate iIk integrity of sensory 
innervations and cinrulatory competency. The puJypep- 
Lide peuLiigaHLnn and histamine amilogs such as lhe H,« 
selective agoout impnimidiae how been used as alter¬ 
native ream of evaluating gastric secretary funetkm 

because of less ohicctionahle H ^mediated side effects. 
Repeated injections of hislamine in an attempt lo 
desensitize patients with allergic* has nut met with 
generaJ acceptance. 

Cromolyn is an iutereslmg drug used in human med¬ 
icine as a prophylactic treatment of bronchia] asthma, 
t'mcnolyn exerts lhis uclivily hy iiihihiling iJht n.'IcuMr 

of hisiaminc and orher autiwoids that participate in the 
aslhmaiic syndrome. The application of cromolyn lo 
animal medicine remains untested. 

ANTIHISTAMINES. Although the pharmacologic 
effects of hislamine can be antagonized by several 
types of Llrugs, ihe lenu juitihiMamiiic sJuudd be 
restricted io agents chac aci on histamine receptors. The 
receptors uie not activated by such interaction, hut Iheir 
occupancy hy Lhe jntihisttmlu limits accessibility to 
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FlO. 19.2—Synthesis. metabolism. and urinary nieintM_ilatcF. of hislamine recovered in 12 boon following irtfrjdennfl] injec- 
don of "C^thrtwriw in * hummi male- (*% vaJui-s fnnn Schaytr aihl Cooper 1956). 


hislainirte iindl thereby prevent the latter from cj^eni iag» 
its. cellular Adiou. Other agents vuch us cate¬ 
cholamines and xanthines exhibit pharmacologic activ- 
iLiev dull are. among lxIkt things. iuitaguikisLk to 
actions of histamine. However, these opposing actions 
4tre mediated by different recoplflcv and cellular piith- 

wwfiithey represent physiologic antagonism. 

Development* Bovet am) Staub (I937i of (he Pasteur 
Institute in Paris first demonstrated that iwo phenolic 
triLets powissed antihisuniiiue iKtivity. One of these 

UOpWOdt, QObQF Eih^ithiJiyeiJivIdkihylart^rteK pro¬ 
tected guinea pips- apasn-vt vrveru.1 lethal clones of hista¬ 
mine,. Although the original dnsps were Ion ionic for 
therapeul ic uk f ihcir discovery led to development of 
many modem anlihiitiLmlnie apcnli.. Such compounds 
arc now refeiTcd to as M and H. antihistamines, based 
nn the previously described differentiation of histamine 
receptors into Hj and H, suhtypes (Ash and Schild 

I96& Black el aJ. 1971). 

Oiemfelry. Some of tin: more frequently used H ami- 
histamines arc Listed in Table 19-1- The chemical struc¬ 
ture of nearly all the H | ontlhisiaminic drug* cm he 
depicted by lhe structural fonnub shown in E’ig. 19-3, 
The nucleus of the -structure is ethylamine (CEI.CH.Nh 
which h also present in hiAtamkie, This moiety is 

Thought to be ilk- molKular oonpeneot necessary for 
competitiuii with touMimin for specific cell receptors. 

Three types of H, HlOuUvducf are known in 
which tile element X las depicted in Fig. 19,3) is nitro¬ 
gen. oxygen, or carbon. The X represents 4 nitrnpen for 
llk r echyleucdliunine class (e.|. P pyrilamine, Ncoanlcr- 
gun h oxygen for the eihannlaminc class te.g., diphen- 
liydnunllH, Benadryl), ajsd carhnn for the alfcylaminc 
dsn |t.g.. Teldrin). The fourth class of anLihisiaminics 
contain* ii piperazine in place of the conventional cth- 
ylenediainiiK linkage (e,g„ eydir.inc, Mancne)- The 
[qHWnMtve of she fifth class Ce.g^ pmmethajcine. 


Pheucrgsm) ii not re luted directly u> Lhe previous drugs, 
si nee ii is a phnobluiae derivative. The sixth class 
comprises the peperidines leiienadiTie and aslemi/ole; 
ihest: agents have VOOHtic ring moieties on either end 
of the ethyliiiJline chain. These different chemical sub- 
ttitutiom tafhfflOf the potency of ll^antihi^Lamimc 
action well m producing 3 . variety of side effeci^. 

The H. andhktanilKi differ from ihe II, hliinkers in 
iheir chcmiMry, phaimacnkinctics, and pharmycody- 
namles, The Lmida/ole ring siructure of histamine is 

nuxlillcd extensively or replaced hy other suh^iituenrs 

in the U antafoflijtf. In the H.-hhK'king agenta, Ihiw- 
cvl-l; iIk hide chain k mtxLified extenfthwly. wLik- Lhe 

imidazole moiety is preserved. In contrast to the H. 
anlihistaminics. the H, antugcnisls are somewhat less 
lipid soluble und do not effectively peteuue the blood- 
bmin barrier. Hence the H, antagonists do not cause 
Msluticjn. a prominenL side eJl'etl of most of iheir }{. 
counlerpuits. 

Burimajnfjde was Lhe first; ll : anteigunki. hui It wai 
absorbed tso poorly to be effective aficr oral adnliiu- 

tntkXL Mcii-ionjdc was Skthsequenlly synlhevi/jcd: it 
was absorbed effectively from the Gl met but several 
hunuin paticnLs treated with the drug developed, agran- 
ukKytovis. A newer II. bludker. cimelidine. Wtt then 
iuLnkluctxl iniL> clinical nbcdLeine :md \n far Iuls not 
been associated wiih LicmaJologic hquerty. Kimitidmc, 
famckidine, und nL/jlidine are auoe of the newer I I 

■ 

iblockers. 

Ptiumanlopr EfTrcts. AutihivlHinkinics of Lhe 11, 
suhlype are ubsckrhcd satisfuctorily after oral udininis- 
tmkn in mcmogii-sLic aohnalfl tnit ncX in nimluib. 
Efkcu ure usually expected within 2(M5 minutes 
after oral adminismuion. and the Affilion of action 
ranges from 3 to 12 hi.»urs 1 Table 19.1). IV 41 dm ini scra- 
Lion el id t& umiKdiaLe clteU, hgi ihis. mute ts mu 

often recomnuended because of resulting si i mu ha ion 
of tlhv CNS and Lrtikcr side effeclv The intramu>cuLar 
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1 AISLE 19.1—Preparations and dimes of 

some II anfihLsiumines in UterlflATj MAC 


Generic nunc 

Trade name 

Single Unse and tihjBc 
i in mg/kg anku 
indicated odierwiac) 

Preptiradinn 

Special ptofieflieN 

DipkenkyAamine 

Benadryl. Caladryl 

LA: 0.5-1 

Inj. L0.25, 50 mg/mL 

Marked scdalien; anfi- 

Wydr^kJnride, US-P 

i InLinra) 

J*A: 1-2 PO, IW12 1ur 

Oil. 10 m^'4 ml 

motinn ^kknej^ 

PyrUamiag Msteol# r 
' MF 

Histowl." Meaunlergan 

LA. SA: 1 -2 EM. IV. SC 

Inj. 20-25 ingAnL 

Tib, 25-50 imp. 

PTivmineni sedation 

ThMiuinN&ir 

PyribenmniK 

LA: 1-2 PO. IV 

Inj. 2:0 mg/mL 
m 25-» nip. 
iBrilu* 5G0 mg 

Seda Li uni: if mtnka^ 

ffytfrvchloridt, US-P 


SA; 1-1.5 PO.t|8h 

utiaia; cnirvuliiou 

CM ft rph rn i ppm 

jtfdfrvatr, MF 

Tiflndnm. 1 ' Teklrin 

SA: 1 span, lisr drip < 

>3.6-IB kg/12 hr 

2 mm fcif drips > I H 

kgf\7 hr 

Sjkui S mg.. 

ttistaincd-itlcjur 

fnrm 

P4nfcnte sedmm 

DmtrApMmfrr, USP 

nninumne 

LA, SA- 1-1.5 PO, IM. 

S € 

Inj, Ml mg/mL 

Tab. Mhm g 

Liquid 12.5 mg/4 ml. 

Frwmmcnl 

Pnwsirrhazim 

Plvm>|u] 

r.A.SA:I.U-l EMJV, 

Inj. 25-50 mp/m].. 

Tab 25. and 50 mg 
Also availably fl* 
cream for lupical 
inc 

Lteg teta^ marked 

HvdmcMwidf. USP 

ip 


PO. qSh 

sedation; unti- 
nwtiow tkbeu 

Ctema.hfitii' 

Tavist 1 

SA: 0.5-1 PQ.qllJh 

Tab. 

Few Hide l'Hl'x I:-, 

fMrnrizjnr 

Atnru 

SA; 2 PO, qSh 

Tab. 

Sedation 

Trimepruzine 

Teraaril 

SA: 115-2. PO. m 1 2li 

Tab. 

Soda Li tin 

AsMmizate 

Hismanal 

SA: 2.5-10 PO.tj24h 

Tab. 

Nsuectarim 

Terfemirfinr 

SddflM 

Tab. 

Nunsuedalive 

Amitriptylwt 

Elevu 

SA: 1.0-2 PO, ql2h 

Tab. 

Tricyclic 


Ahhrcviartiinix: LA = la rye an Emu], 3 A * smsiljl ;inim:il, PO icnl, SC ■ BUtailUlKHtt. 1M ■ HttHHKnlfll, IV ■ i ntaWHHlfl,. 
iinj. = injection, oUos. = diur b tab. = labkL spun. = spraukL, qSh = every ft hr. 

“Also jvmUble: PjTMine with ephsdriiie i. inj ed able ud nmlU Anhplirirw with epbedrine (injectable and pinole 5 Id admin¬ 
ister in Feed)' NembudK with phenylephrine hydrochloride. 

iMkmwt flmd htedmiitw with prednisone for oral uw in dflp and atL 



blti. 19.3—tknLTLil I mmuLa nwwl II ariEiliislainiiiic 

njocralIs. 


route rarely gives, rise to side effects and is commonly 

used. Tbpieal application may be surtabk in tertiun 

skin condi linns. 

Antihistamines aci as competUm antagonists fiiwr 
specific histamine receptors in the tissue cells: ilheir 

binding to ihc cell receptor* evokes no direct cellular 

action. This mcchuni.vrn ul ucnoii is based on i|luiimli- 
live CGttsUieiaUofis;; therefore, hiSttnuiK in excess- may 
displace antihistaminics. Generally, antihistamLnacs are 
more effective against cxugenvuidy Lidinmi stored hista¬ 
mine Ihan againsi endogegwusly Rkised hisiamirie, 

They arc also more effective in preventing actions of 
bistamine than in reversing them. 

II anti hi sUim inks are useful in countenng action of 
histamine OH bronchial* intestinal, uterine, and vascular 
smooth muscle. They antagonize both the vasocon¬ 
strictor effects of histamine and (he more important 


vasodLLalor effects us well to the increase in capillary 

permeability produced by this agent, These amihiKiu- 

minie effects counteract urticaria, wheeling. and sillier 

types of edema formoliofi in response to injury, anti™ 


gem, allergens, or hisiaimiiie-liberaliiig drugs in many 
species. H anlihistaminics also suppress itching and 


flare in bumuks and gnanly reduce itching siss4K-iaied 

with allergic reaction. 


H, anlihistaminics only partially antagonize hisia- 
inllK-iridiKd art trial hypotension because portions of 
this- response are associated with H, receptors. .Simi¬ 
larly; H antagonists dn not block the stimulant effect of 
histamine on gastric sccruLion. which is an H .-depend¬ 
ent hmctiofL Importantly, neither H | nor H .. anti hista¬ 
mines. prevent hislammc reiea.se; some anlihistaminics 
possess hLstamine-hberalmg properties. This latter 
action may be ofclinkal significance in therapeutic um: 
of these drags, 

II. antagonists block the gastric scimulaimg effects 
of hi suuni nc us well as other actions of hhtantine Ihst 


have been defined as H, receptor Jependeni rii.g., &iim- 
uJatiun of rat iitexua* cardiac rac it alary efforts. and 
KMH vasculiir effects). 


Side Effects and InteratllQiB, Each antihisiaitimic 

produces certai n vide effects. Those of clinical impor¬ 
tance for the H blockers include sedation or CN.S 
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excitement, Cl dbmfbuoei ptrasynpriulylk idlnu 

local anesthetic properties, allergen it properties, and 

teratogenic efr'eei.s, 

In therapeutic dOH^ H. antih Islam hi lea click a stdt- 

tm cflect which is expressed by drowsliKS or ataxia. 
In higher doses they produce irritability. cotvilAiflU, 
hyperpyrexia. and even death* [ntes-Linal disorders 
indK moresix, nausea. vomiting. cmishpution. nr 
diarrhea when anlitiiMaiuincv are admini stered orally 

fni a pnknged period. Tin' unlkbollnergk: effects jac 
expressed by a dry mouth* pupiDuy dOatioo, blurred 
Vision, ami tachycardia, I .oca] aHfthetic priifwniCN. aft 
of value when these agent* are used as aotipsifttic drug* 

in topical application. Paradoxically, antih istiini inics 
also tail be lIlHgtlic wheel applied Lo the »kiiL. The ter- 
gofnic effects of certain of ihc*e agents any yea cau¬ 
tion in (heir use during pregnancy. These drug* possess 
antiwfotemi n properties as well ax cncai nel ike effects on 
catecholamine uptake. The newer H^anrihisiamincs ler- 
fenadinc and utnuzolfl are Largely excluded from the 

CNS when given in therapeutic doses (Janssen* and 

HoWait IW.l). Their lack of sedition as a gjdc effect is 

a distinct judvantage in human medicine, Study is 
needed in veterinary medicine to deiermine their clini¬ 
cal efficacy and whether hick of sedatufl is ;ui important 
aiirihu&c in Htjm&ta (Miller et aL 1 ), 

Toxicity. In rccommentled doses H antihistuminics 
ore relatively nontox.it: however,, ovcraosAge or combi - 
nations with the above potentiating agent± can dicil 
tone effects, which are titjwaud by hyperexcitubility 
and even convulsion*. Treatment of acute toxicity is 
symptomatic: sedative nr ultroshnrt-acting barbiturates 
may he of value, hut caution is indicated because addi¬ 
tive effects are possible. 

Therapeutic Use?*™ Clinically, H, antagonists are used 
to prevent participation of endogenous histamine in the 
body's Rflcdn to certain allergic disurden* and ana¬ 
phylactic syndromes. However* the clinician must be 
aw-iire that uutacoiih other than histamine also play 

impartial raks in alk^-anaphylaxis disorders. Pyre 

and Burkat l^ 7 Hi reviewed this tVeld and listed the fol¬ 
lowing compounds as primary or secondary mediators 
of hypersensitivity reactions: histamine, serotonin, 
dopamine, kinins, slow-reading huhtlancc of anaphy¬ 
laxis. platelet activating factor. eosinophil chcmotuctic 
factor of anaphylaxis. pn.hvLaglandin*., complement, and 
lymphokines. Thus il lh not surprising LhaL antihislu- 
mines alum- are often ineffective in UeaLing allergic - 
type reaction* in animals. 

Clinical signs of allergy vary wilhdillerenl species.The 
■most frequently observed signs ore restlessness, anorexia, 
yawning, salivation. lucriinaitioii. nasal discluarge. cu-ugji- 
iilig. edema, urtkariu. KZHU* htUfllh^e; 

inflammation of the mucous membranes and eyes, con¬ 
traction of smooth muscle (hronehoeonsiriclinn), and car- 

™ d a 

Jiov'dHcular disturbance^. Jn acute or delayed anaphylaxis, 
clinical signs occur quickly and. if not treated, are fol¬ 
lowed by Lolljpse and death in nuuules. 


L Lbagnusis is dependent cm anamnesis, specific signs, 
feed rests* eosinophil couni* acid skin testa; in large ani¬ 
mals* skin tests are of questionable value * liosinuptiilia 
is evident in several allergic conditions: some authori¬ 
ties believe LhaL in parasitic diseases it may also he 
allergy related. 

Treatment consists of further avoidance ol'allergens, 
emergency measures, administration of andhilts* 
minics, and prophylactic desensiti/iition. Anaphylactic 
Syndrome requires emergency treatment because it pro- 
gre SMS rapidly U irreversible cardiovascular col lapse. 
The drug of etokc is epinephrine^ this catecholamine 
does not directly intiibiL mediators of anaphylaxis bul 

reverses their effects. Thus epinephrine i*d* as a phys¬ 
iologic anlagonist (Chop. bl. OLher sympathomimetic 
drugs icphcdriiK mid IsopVOfterenol 1 hive been used in 
a variety of acute and chronic allergic reactions.. 
Aminophylline may he beneficial (especially in small 
animals) as a smooth muscle relaxant in IvodcIkcod* 
stricrion and L11 edema of the biunc-hsul lunna. On bur 

emergency treatment may include oxygen or even tru- 
cheotofuy in ilw p presence of laryngeal edema, Corti¬ 
costeroids are used as suppressants of allergic inflam¬ 
mation, especially in pruritus in dogs. Although 
CfltkoAfloiih have Ins indication in emergency Lrcut- 
EDeat tlK'ii use may prevent hue development of s-kin 
metiooa. 

Nonallergic Nil swpectol hi suniii nr-related pheiumt- 
cvlo. which in empirical experience ms.pond to antihixl- 
ominic therapy in animals, include many pathologic 
conditions.. Those in which H antihislaminics arc 
reported to be of therapeutic value are pruritus, 
unicaria, various types of dermal it is, innisi ecgenti, 
acute eczematous otitis, insect sting*, nutritnoiJ ivpe* 
of tamLnitis. pregnancy laminin*, paroxysmal myoglo¬ 
binuria or ajoluria. periodic ophLhalmLa, and pulmonary 
emphysema Ln horses. AntihisLujnines also arc cons-id- 
cred to be of vihc in treatment of bovine asthma (pul¬ 
monary Cfflphytatt), vomf Lypes of bluett and acetone¬ 
mia in ruininanlv acute septic and gangrenous masLilis. 
septic mefiitls and retained placenta, pregnancy tox¬ 
emia, and gut edema of pigs These agents, are ulwi lielp- 
t'ul in some types of asthma and motion ^ickncsv 

The action of onLihistaminics is sympscsmaLic in 
character, and the important involvement of mhcr ouLi- 
coids in the pathologic conditions and allergic phe¬ 
nomena limit the effectiveness of anLlhistamincs. These 
drugs ore noL a panacea, and removal of ctiologic fac¬ 
tor* mu.sl he a primary goal of therapy. H, unlihivLa- 
minics frequently used m animals and representative 
doses arc given in Tabic 19.1. 

H, antagonists are used extensively in LrcaLment of 

dB 

gutnc ulceratum and Other gastric hyperMxreLory 

vlates in Iiuiiniils. H, blocker* also ore utilised com- 

■ 

rnooly in animal [wenta when suppRuiin of gastric 
hyperacidily and prevemion of gastric mucosal ulcera¬ 
tion arc indicated. H, antagonists- should not be used 
indiscriminately in an aLtcmpt to provide complete pro¬ 
tection from histamine release and hyperserndLivity 

reactions. 
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SEROTONIN. Rapport et al (I9W) isc^laccd n va^o- 

consLrictur substance from KfUB and £iivy it chi; name 
serotmiin. These knedisaton discovered chat, chemi¬ 
cally; serotonin w« 3'by^KytrypunHiic (5-HT). 
Independently, anoilier group erf rc^carchen studying 
UjtcdKHici) properties nr the intestinal mucosa dis¬ 
covered an active agent in cniertMrhmmalfto celts iind 
pave it the name enteramine (Enpaicr and AStTO 
1952)- Alter discovery of 5-} IT in blood* it wu stum 

confirmed that enleramine had the same chemical 
structure. 

CZhcmtslry. 5-HT is- synthesized lfn.Mii dietary trypto 
phan in a iwo-slage chemical reaction Fiist. trypto- 
phan is hydroxylated by the enzyme tfyptofdua 5- ! 
hydroxylase Lu give 5-hydrujcyLryp(0Filian fJ'HTP). 
_ [|w latter is ilbvaii Llecarboxy laced io yield 5-HT as • 
shown in Fiji, 19-4, 

Like histamine. 5-HT is widely distributed to ani¬ 
mals and plants. Il occurs in high raKtotritiOD in some 
Iruil3- such as bananas, pineapples. aitd plums; ii also h 
present in songs (cflunoo stinging nenkj and venoms. 
Endogenous 5-EIT is synthesized from about I % of the 
dietary tryptophan. Il is fanned and IncaHrad in thfH 
essential puds: enwrochnomaflin celb of ihc intestine 
(about 90%). a vmall number of IKUDOU in the CNS, 
and mitt cells of rtnJenis frits, mice, hamsters) along 

with liisuuiiine and heparin Althnogh 5-HT m concern 

Iruled in Mood ptalektf* il ii Hti synthesized there 
beam of lack of decart»xytue r Tt appears to be 
bound uilhin cytoplasmic granules and is also continu¬ 
ally produced and destroyed In Lhe pool of Ihe intestine 
and brain. In platelets it appears to be released only 
upon their destruction,. 

MM 5-HT is metabolized by oxidative deammntiufi 
to form 5-hydruxymdoleacelic add (5-HHAA); die 
■enzyme catalyzing this reaction is amwatniiK aridiu. j 
Tlic cud product of metabolism. 5-HJAA-, is esc reted in j 



fl-mechylaijcun of 5- HIT form the hormone melatonin. 

F^nnacolngk Effects. 5-HT exerts multiple actions 
with great variation in different species. Its essential 
effects are on smouLh muscle und central ami pniphenl 
nerves. Including afferent nerve endings- Given omllj', 
vl is quickly degraded and produces no effect. 

Rapid IV injection of 5-HT produces a triphasic 
rcsp4>nse: an inilia] fall of systemic arterial pressure 
accompanied by paradoxical bradycardia, caused 


HO 



CH,—NH 
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mainly by reflex chcmnreccptcw stimulation iBczod- 
Jariseh effect}; a short period l>J' pressor effect (similar 
to epinephrine effects and a prolonged fall in lysmbc 
blood pressure attributed to a modUalOf effect in Ihc 
vascular bed of skeletal muscle. 5-HT also cutes u toll 
in pulmonary arterial pressure {pulmonary depressor 
reflex). A cuaninuous infusion of 5-1 IT. which fust 
dotely vcscmMei ndofnan relaw of chi.> agent, 
cams a prolonged fall in arterial pressure as a result nf 
vascular bed dilution. Only in ftidenei does this agent 
increase small vessel permenbiliiy similar to effeeb of 
UalunJDe. 

The nonvascular smooth muscle gf ihc bronchi and 
intestines is stimulated by ITT. Tncestinal effects are 
both direct arid irulircct; Ihc latter is mediated via exci¬ 
tation of ganglion cell* in Ihc myenteric plexus. Jn 
some species, it causes coatractiM of the under aod 
uterus (rodent). After repealed d(Hl r tachyphylaxis- is 
a common phcnnmemin. 

When 5-HT is injected, il has no effect cm the brain 
or spinal cord because il is strongly polar and cannot 
effectively cross the blood-brain barrier. However,, 5- 
HTP can penetrate into Ihe brain and be decarboxy loled 
to 5-HT; this may produce behavioral changes. 5-HT 
can also stimulate afferent nerve endings, ganglion 
celts, and adrenal medullary cells. 

Role m rhjlMttk ami hatholoftic Prwrrara. "the 
finding that 5-H I is present in the CNS+ the hypothal¬ 
amus, and other areas and lhal reserpine falcate* il 

from she** tens tel to the hypothecs of its role as a 
ccntod npLuroLmnsinincr. 5-HT influences step, intes¬ 
tinal uiiiLiliLy. and temperature regulation and affects 

Lhe mood and behavior of human*. It seems that m 
acts of this agent brings about siimuialion and that a 
deficiency product? depression. Its role in platelets is 
related to lhe iwctwinm of hemostasis via vaaocun- 
sErietion and platelet aggregation. 

Ev idkrnce exists that 5-HT exerts un iflUbftory effect 
lmi a variety of |k:Imi v mo. (Grrcii and Harvey 1974) and 
plays u rule in some mental disorder* of humans. The 
only disease in which 5-1 IT probably ptoys an impor- 
luni mk r ii the evdodd lyidniTK, which is character¬ 
ized hy widespread development of a serotonin-pro¬ 
ducing Lumor in die (51 tract. Symptoms are related to 
action un smooth muscle of the blood vessels and 
digestive and respiratory tracls. “lhe 5-HT in lhe bind 
of a carcinoid subject is 0.5-27 |ig/iuL. while (Ik DOT- 

mid uniLHinE is Orl-0.5 pjj;/ml.. 'I 111 1 urinary ifehitakdih.' 

has significant diagnostic excreLiou of 5-lltAA 

has been reported as 76-850 mg in 24 hours (normal is 
24 mg). This results ill ■W/a of Lhe dietary intake of 

LrypLopliau being cHWttod io 5-HT. CdvueqKfiti.y H n- 

defiviviK~y UMLy tteelLPp, producing symp^L'niiis of pella¬ 
gra and nitn^en btlHKC. 


Anli^onbih. Dilferenl types of 5-HT ttCtpton have 
hwii identified (Derioch ec al. 19^91!, Actmw of 5-HT 

are countcreLl by two general groups of antagonists. 
Neural effevda in smx-rtli muscle of lhe dijpc^live Lract 
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are antagonized by morphine, atropine, mbd cohIk; 
the dkect eflbcu on smooth muscle arc antagonized by 
phenosybemamifle and two derivative* of ergot ulka- 
Mdt. LSD mid mellsysergide. An anlihistumine, cypro- 
hepwdirtfl. is ill mi a puwerf□] unEiserohmin agent. 
CUovproinaiZiK aiird p4ienus.yhenAumine are weak 
blocking agents. Reserpine and compound 4WSCt are 
eumptefl of drugs ihul deplete MOUnjo in the brain. 
Another uiitiigunisi frequrady used experimcdtilJy lh 
p-chlorphunylairiiiK. tut this agent alets by inhibition of 
*erotuiim synLbesis. For cl inifid use in humans, mrLhy- 
«rgide (oral di.ise 2-4 mg 3 times daily? and cyprohep¬ 
tadine (oral dose 4 mg 3 lime* daily? are the available 
effective antagonists-. Ketonserin i* a new 5-HT antag¬ 
onist that acls. preferentially at Che 5-HT. receptor sub¬ 


type without significant teflka at die 5-I IT, reoepknu 
The nlmon of 5-HT Bccpto r subtypes and 5-HT 
antagonist* EO Clinical vetfcritkuiy rnedicine is unknown. 
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PliFTIDI-S: ANGIOTENSIN AND KININS 



11, RICHARD ADAMS 


Aaglaleiuln 

Kiidugcnuuis Rt'iiin-AnKiolL'visin S^trm 
Pharmacology of the Hcnin-Anf[lokn»in Svstcm 

Kinlu 

Kinin Components and CbemfelTY 

Pliarnianikigic FfTech of K Led ns 
Knit nr PndngtnuiiH Kin ins 
OUkt Pt plidts 


ANdlOTENSlN. Discovery of angiotensin has its. 
origins in (he old observation that renal extracts contain 
a pressor substance that early investigator* named 
renin fTigerdedt and Bergman 1898). Subsequent 
researchers found lhal systemic hypertension could be 
produced by constriction l>J" the renal artery, anti Iky 
suggested Lhal a circulafiing pressor agent released by 
I lie ischemic kidiK"- acted as Lhe mediator of (he hyper- 
tensive response (Goldblatt el al, 1934), The pressor 
substance, idenlified a^ renin, is an enzyme lhal acts tin 
a plasma suhsirate, resulcing in formation of u peptide 
vMilfi exceptional vasoconstrictor potency. The peptide 
was called "hypertensifT" and -angiolonin” until I95K 
when the cornpanTii.se term angiotensin was adopted 

i Braun-Mcnendez and Page 1958). 

Aiigkitensiri is a blood-borne polypeptide Lhal serves 
as a circulating link between the kidney and systemic 
hemodynamic control systems (Mats Osaka and 
Ichikawa 1997).. TTits peptide is not manufactured 
directly by the kidney but is formed within the blood by 
a complex senes of reactions imlaaled by the re nut 
enzyme renin, Release of renin by the kidney js accel¬ 
erated when this organ is subjected to physioh^ic stim¬ 
uli tsmeiated with hypovolemia and hypotension 

{Bernstein 1993). 

The renin-angiotensin reliilionsbip WU complicated 
hy (he discovery that,, after entering the bloodstream, 
renin and ils s,ubslrate (angiotenssivogen) yielded aft 


inactive precursor, the decapeptide angiotensin 1, 
which was Lhen converted by other enzymes to Lhe 
active oclapepLide angiotensin 11. (Tie latter is an 
exceplionulity potent vasoconstrictoragjent and a stimu¬ 
lant of aldostefone secretion. Angiotensin II evokes ail 

increase in peripheral vascular resistance and a reduc¬ 
tion of urine and salt output, thereby tending to restore 
hltK'sd pressure arid bkjntl volume to more normal val¬ 


ues. Pharmacologic manipulation of this system has 
recently gained considerable importance in elinieiil 
mcdk-iiw. The angkiteasiiKromwllrg enzyme inhibitors 

are ROW OiM of ik flUist commonly Used drugs tL> I real 

heart failure and hypertension (Dietz ei at. I99j; Holtz 
1991), Because angknensin modulates cardiac cellular 
growl h and hypertrophy, angiote-nsin-converting 
enzyme inhibitors are also being evaluated in treat¬ 
ment of cardiac hy p e rtro p h ic states (Mauusaka and 

Ichikawa I997|. 

The biolrogic half-life of angiotensin IJ was found to 
be quite brief because of the presence in plasma and 
(issues of proteolytic enzymes, collect ivdy referred Co 
as angiotetisill^es. A heptapeptide frogmen! of 

angiotensin IL originally thought to be an iuetim 

metabolite, was found bo possess. considerable pharma¬ 
cologic activity, The active fragment is now referred to 

as angiotensin III, Jn Lhe following di^eussiun*. the term 

angititeJiiin i* used t® refer to angiotensin H unless oth¬ 
erwise tinted. 


Knd>.^>L-mpus Renin^Angioluihhin System 


RbNIN RELEASE. Renm is a prnteolylic enzyme syn¬ 
thesized and stored within cytoplasmic granule* id rruxl- 
ifred smwlh inu*cle cells that line (he afferent arteriole 


of the glomerulus. Both the af ferent and efferent artert- 
i^es Lire ass o c ia ted anuACmitally and functionally with 
(he macuk densa. a gawp of specialized cells kjcalized 
at the origin of the dictal tubule of she nephron. The 


entire sirucMre is referred lo as the juxtagloFfwrillar 
apparatus (O pari I and Haber 1974; Johnston 1992). 

Re lain is released from the juxtaglomerular apparatus 
in response to several stimuli assoualed with hypoLcn- 
siOfl F hypcmiknua. Of bulk, Factors (hut reduce blood 

volume, renal perfusion pressure,, or plasma sodium 


concentration tend to stimulate release of renin, while 


factet* ihai incmiAe- these parameters lend to lower ii 
(Gibbons cl aJ. 19*4; Bernstein 1993). Actual secretion 
of renin is regulated by an iuirarcfuil haioteceplor 
mechanism erf' the aiferenl arteriole, an inlrarenal 
chcmoreceplor mechanism of lhe macula densa, lhe 
renal sympathetic nerve*, and several hum ora li agent*. 
These facltmi often interact with each other, resulting 

in considerable complexity. Basic aspects are summa¬ 

rized below and in Fig. 20.1, 

An intrarenal bare receptor mechanism detects and 
responds to change* in wall tension or transmuraJ 
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( W B H W gradients in Lhe tflbdtl arteriole <rf Che 
glomerulus* Kcnm release from the juxtaglomerular 
apparatus is increased when renal blood flow and. 
especially, renal blood pressure are decreased. ITiere is 
evidence Ihiit inLrarenal proslaplandins serve At a 
chemical Link between pressure changes and che result¬ 
ing increase in renin secretion, -ill least within the 
auumegululory nogc of renal Mood How (Schrvsr I9"52; 
Sch wider and I Jjeimluhl 1 992 ). 

The macula dew Km as a Xu"-sensitive .umJ per¬ 
haps Cl sensiiIve dieEDonceptor dial detect! these ions 
in renal tubular fluid. If Nu p and/or Cl concentrations 
are re duce d, renin rtkue is iaemued 

Acdvadoa of the renal sympathetic nems evokes 
release of renin. This response is mediated by an 
intrurenal p-adrenergic receptor. An 0£-adrenergic 

recept or ihai saihrervEs am inhibirory effect on renin 
release seems lo be present within the kidney, but its 
importance is ncrt known. 

Severe) circulating hnmorel agents and ekctiolytn 
influence renin release:. Aopotentin itedtf can feed 

hack to inhifril renin release; vasopressin is also 
inhibitor) 1 . Since angiotensin acts nn the brain to 
increase release of vusupressin, there seems to be a 
vasopressin-angiotensin feedback loop. Other ugcilts 
that cut influence renin release include eale- 
dmlimincv prostaglandins, cyclic nucleotides. K\ 
Mj.", Cl* 4 , KntniD, adenosine, and others. The 
importance of all these factors to normal control of 
■renin release Iras EM been determined (Keeton and 
Campbell l9Uk There may he spede* differences in 
which scheme is dominant. 

Anokubnsin HihcM.vi'ioN, The known amioo acid 

sequence of renin substrate, angiotensinogen, is limited 
to a M amino acid segment a! the amino terminus of a 
larger protein. Once in Lhe blood, renin cleaves the 
bond that joins Lhe iY-terminal 1(1 amino acid sequence 
lo the remainder of angintensinugen. The released 

decapcpride is angiotensin I; ii can be considered as a 


circulating and Httodllly inactive prohufmone lo 

ftflgitUuifl 111 (Arduilkiu If97). 

After the decapcptide angiotensin I is formed, two 
amino acids are removed from its. C-lcrminus hy con¬ 
certing enzyme to yield thr DCfapeptUe angiotensin LI. 
The sequential fbnnUhm of angiotensin is summarized 
in Tig. 202. Converting euyoKft are present in 
emktfbdial cdli throughout the body, but especially 

the lungs.. Virtually all tin 1 circulating -iuiguneiksin I can 
be convened to angiotensin II by a single passage 
through the pulmonary vascular circuit. The 
angiutensiu-aniverling enzyme is also known as kinn 

Due 31. the enzyme rnponilik for bHctivatinf 
bradykmiii. 

Angiotensin LI is metabolized rapidly by plasma and 

tissue tqglotenliuH. Tiw beet chncetkcd of the 
pinna enzyme* sue an amimipeplidiLvc langimensi- 
nase A) and a less important endopeptidiise 
(angiotensiiiuse By A beptlfKrptide fragment of 
angiotensin LI is dcs-Asp 1 angiotensin |] or, as ii is now 
named., angiotensin Btl. This peptide shares many of the 
pharmacologic acLiuns of its parent molecule, espe¬ 
cially Lhe ability to stimulate uldi.iwlen.ine secretion. 

However, Lhe physiologic significance of angiotensin 
111 in the intact animal ii DDt known. 

CaRHOYASCULAK EwBCFSh Angiotensin LI exerts a 
wide spectrum ul'effects that are directed toward mam- 
icmincc of Uood preswre and volume (Cody 19^7; 
MaistiNjika iissd Ichikawa 19*47 K Firsi and forennwi. 
angiotensin produces a pronounced vaSDOOMlicttofl as 
a reuik Iff dinxi stimuhtiion of vascular smooth Buck 

cells (Berk and Corvon lWT% This effect m most 

promincm on arteries and, especially, small arterioles, 
with less influence on veins. I"hc vasoconstrictor uction 
of angiotensin is most pronounced in the kidney,, skin, 
and splanchnic tissues and less pronounced in the 
brain, heart, and skeletal muscle. 17 k net result is an 
increase in peripheral, vascular resistance and hence in 

blood pressure (Gricndling and Alexander l'Mil. 
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Angiutensin also increases cardiac ampul by direct 
sdnuitaliDd uf the heart und action on Lhe sympathetic 
nervoiis system. By 4in effect cm the briiin. 4mgioren*iu 
cLkib an increase in sympathetic di schurge Co lhi." heart 
and blood vessels, This contributes further to increases 
in cardiac output and vascular resistance, Angiotensin 
ateo provokes of norepinephrine ami epineph¬ 

rine from the adrenal medulla, faciliiates, release of nor¬ 
epinephrine from pos4gujigli™ie sympathetic neurons, 
stimulates sympathetic ganglia, and decreases uptake 
of norepinephrine into adrenergic axons. Thus 
angiotensin produces a slate of cirdkivaKular cxeita- 

[ion through several pathways, (Pean 1975: Cody LW7; 
Malswaka and Ichikawa 1997k 
Aside from its direct cardiovascular effects. 

angiotensin accelerates steroidogenesis in the adrenal 

cortex. This action results in Increased synthesis and 

release of the in ineratoeOfticoid aldosterone. which 
un’ls in lum M the distal tubule of Lhe kidney lo increase 
reabiorpLion u-f Na* and, subveguenlly* water (Vecsei el 
all. 1978). Angiotensin aki releases vasopressin fanii- 

diuntic Iwrmouc) from the brain and prodkK’es a marked 

dipsngenic effect. Alii these action* help eo expand of 
restore Mood volume and hence assist in maintaining 
normal blood pressure -and circulatory function. 

Rum the above description, it ii obvious chut the renin* 

ailgkrifiihiil system L'UII play Mil important ride ill dee* 

trolyte-water balance and hemodynamics. Disruptions. of 
this system DonUihulc fto certain pathophysiologic stales 
such as renovascular hypertension and aldosteronism. In 
stales of tow cantiic output, angiotensin is believed to 
contribute Id maintenance: of Mood pressure. The physio¬ 
logic functions of extnircnal renins (the “ksorcnkns" fount! 
In blood vessels, the brain, and other tiswra) arc under 
considerable study (Ganong I9S4; Lee et id. 1993k 


Phurmuculojgy off lhe Renin-Angiotensin System. 
Several drugs irrieracl with lhe renin, angiotensin, and 
undated enzyme system (Keeton tutd Campbell 
1981; Csajka ti aJ. 1997). The amide of angiotensin 11 
114-iispiiragiiii y I -S-f -VllyI angiotensin oclapeptidc, 
Hypertmsin) active Acs angiotensin receptors through¬ 
out the body. Thin, drug is diluted and administered by 
rtlcvw intravenous infusion for iis pressor actions*; blond 
pressure should he monitored continuously. 

Different types- of angiotensin receptors have been 
identified. e.g., angiotensin-1 (AT,) and ingioEensin-I! 
receptors (.Motsuuki and Ichikawa 1997k hut the clin¬ 
ical value of such differentiation unknown. Sarelasin 


acetate (l-sar-8-aliv angiotensin II. Sarenin) is the pro¬ 
totype for drugs defined as angiotensin receptor Mock¬ 
ers. These agents interact with the receptors-, thereby 
presenting angiotensin 1 ram eliciting its physiologic- 
phujTnacnlogk" actions. Siuala^in and other angiotensin 
receptor blockers are used experimentally in attempts 
lo define biologic roles of angiotensin, arid clinically in 
humans as antihypenlen-yive agents (Csajka ct al. 1997). 

The proline derivative captoprD (Capoten) arid lhe 
related drug enilapril (Vkutee) are inhibit of 
angiotensin-converting enzyme. They prevent t-ransfor- 
vralion of angiotensin 1 to angiotensin [1. They also 
inhibit lhe inactivation of hradykmin and kalhdin. Con¬ 
verting enzyme inhibitors are used lo dit|no« and 
■real certain forms- of hypertension in humam r Con¬ 
verting enzyme inhibitor* are being used increas¬ 
ingly in human and veterinary medicine in relieve 


vasoconstriction and lessen Hu id rclenliom in patients 
with congestive heart failure (KnowJen cl al. 1983; 
Dktzct al. 1993; Holtz 1993J-. An important pari of lhe 
endogenous oimpettiartoiy- uirevnpt. in bean failure syn¬ 
drome involves increased formation of angiotensin and 
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aldosterone. Leading in turn to peripheral viLwcon:*1xic- 
Lion and enhanced urinary reabsorpLion of salt and 
water respectively. By Inhibiting, angiotensin forma¬ 
tion, converting enzyme inhibitor* evoke vasodilaLion 
and reduced cardiac workload as well as lessen aldo- 
ttcnMC-mcdialcd lluid retention and the propensity lor 
■edema formal ion (Cody 1 99?; Matsusaka and Ichikawa 

1997; Berk and Oomt 1997). 

A large nmbff uf drugs used for other therapeutic 
purposes also influence the renin-angiotensin system: 
e.g.. vasodilators indirectly cause renin release result¬ 
ing from a tdkx increase in syuptlhede HVfltt sys- 
Lem discharge to the kidney. General anesthelics also 
provoke nonspecific increase in renin release. Propra¬ 
nolol inhibits renin secretion by blocking the inlrarcnal 
(J-adienergic receptors Lhal subsene release of renin 
from the juxtaglomerular apparatus iSchwider and 

lljemdahl 1991). 

KININS. Discovery of Lhe mammalian kallikrein- 

kfnln sytten be (need to the old obKrvukn that 

□riue produces a full in bknd pressure when injected 
kttrtWMtuly The urinary principle responsible for the 
hypotensive activity is an enzyme called kaLLifcnrin. 
However, kallikrein itself does not aflecl blood pres¬ 
sure directly hut converts an inactive a-2 globulin in 
ilie phisniii, kifiiHgn, into bndyfcmhk the active 

depressor substance. Brjdykinin and other related 
polype pUile kin ins suefa as kailidin are escepiMinally 

poftnl vasodilators. The kin ins also increase perme¬ 
ability of ilh p nricfocimlclkn,, came cmncdH off 

nverd ihinvasL-ulkir smooth musics, and evoke pain. 

Because lhe kallikrein enzyme* are present in vari¬ 
ous glandular tissues and bodily fluids of mammals, 


Lhe km ins have been propped ns endogenous media- 
Lors of cellular response*; to certain Lypes u-J physio¬ 
logic and pathophysiologic stimuli. Many aspects 
remain unresolved, however, and pharmacologic con- 
Lrcsl of the kallikrcin-kinin system is stiEL in its infancy. 

Early studies of kinins were earned out independ¬ 
ently by two groups of scientists. The resulting (enni- 
nology was confusing because of the development off 
differenl nomenclatures. One group called their plasma 
enzyme kallikrein: it formed the active peptide kallidin 
from the inactive precursor kallidmugen. HUilt work- 
ers reported that trypsin released an active peptide 
(bradykimn) from a plasma globulin substrate 
fhiudykimnogen) (Rocha e Siflva ct adL 1949). 

Similarities between the Lryps-in-bradykimnogcn- 
bradykimn system and the kallikrein-kallidiiwLigen- 
kallidin system soon became apparent. Scheduler and 
Thaln (1954) subsequently introduced the generic tenn 
kinin to enctnpou Ixuh bradykmin and kallidin. since 
Lhese two pulypepLides eurl essentially identical phar¬ 
macologic ftCttotis. Brady kimn and kallidin are now 

recognized » member* of a group of cfosejy related 

kinin peptides occurring naturally in WBp, honel, and 
other venoms nr released from mammalian plum sub¬ 
strate by kaJlikncins, ttvpsin, and ccnain snake venom*. 

(Current terminology for the kinin system uses 
kallikrein-kiiiinogcn-kinin as general terms lor desig¬ 
nating the eozynot. line inactive precursors (sub¬ 
strates h 4ind the active polypepiides respectively 
(Sdudiler 1980). 

Kinin Formation:; C 'cun |huil- ills and ('ll l- mis.tr>. A 
*chc marie repre *cn1a1 ion of the enmrihurions of 
kallikrcin. kininogen. and other factors to kinin forma¬ 
tion is. depicted in Kg. 20.3. 
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KALLIKRONS, PteEKALUKRE:JX5. r AND KALLIKXEIN 

In I III!DDRS 

KAi.i.iKRiirNis.. The term kail it reins denotes the 
endogenous serine prolease enzymes that I l be rale 
kilims- from specific killiilugeil substrate^ by limited 
proteolysis. The term kimiwjgena.se enrafnfxflsscs lhe 
kallakreins and other serine proteases such as Sryp-sin, 
some snake venonfc, thrombin, Fitwinolysin, and other 
enzyttttis lint share the common property of releasing 
kinins from kininogeri (Sdhachler 1980k 

Mammals have two basic kullikrem types:: plasma 
arid glandular. The latter ls localized in exocrine glurtds 
and their seef el ions and has been isolated from porcine 
pancreas;. guinea pig coagulation gland: inlcslime of the 
nil, pig, dog. and human: urine from Lhe horse, rail, and 
human: and saJiVm from humans. Structurally, lhe 
ksilbkreins arc glycoproteins with molecular weights 

between 24.000 ami 43.000 for thus* of glandular ori¬ 
gin md at least 100.000 for the plasma form, 

In general, the glandular kal Ilk reins yield Kalllid in, 
from which brad yk Inin is fanned rapidly hy 
amiruipeptiddsc activity in plasma and tissue (.Erdos 
1976). Brndykinin is formed directly by plasma 
kallikrein and also hy trypsin, tihnnohsin. and snake 

venom (Fig, 20J), 


PREKALL IKRFJN-Si KdllLkrein is present in some tis¬ 
sues (especially Lhe pancreas, intestines, and plasma) in 
inactive or prekallikrcin hums (referred to formerly n> 
laJIJiikrEinogens). Prekallikreins an’ converted lo the 
active mode by various [actors that dismpt plasma 
hoinecistaiis, (Fig. 20.3k These include pH changes: 
organic solvtnla; trypsin; and vutilacE wilh glass, colla¬ 
gen. skin, or damaged (issue, Hie major plasma activa¬ 
tors of prefcallikneiitt tire the Htgenun factor and its 
fragments, blood clon ing teeter XI[. 

KALLIKREIN INHIBITORS. Once kallikrein is activated, 
its capability to form kininrs is short-lived because of 
rapid inhibition by several plasma pro KM inhibitors. 
These include a, rmcroglahuNn. a, antitrypsin, 
antilhncumhin III. arid CJ esterase inhibitor (Fig. 20-3). 

In addilion, a polyvalent kallikrein-lrypsin inhibitor 
called iiprotinin has been isolated from ha vine tissues 
where it is localized in mast cells (Fritz ct al. 197?), 
This inhibitor is a low molecular weight protein; it is 
prepared commercially as ] rosy lot. Aprotimn has been 
used outside the USA wiih varying success in treat¬ 
ment of acute pancreatitis and the carcinoid syndrome 
in humans. 


KininOCENS- The kindn prwirSDitt kmmogenv. are 
acidic glycoproteins of die a*2 globulin fraction of 
plasma; they have been isolated from human, bovine, 
equine, and rabbit blood. 


At tend two plasma kininogens have been identified, 
ilie litgh-molecuhir-weight (HMW>and Lhe low-molec- 
ular-weifljbK (LMW) forms, Both types have been iso¬ 
lated from different specks, Mid the HMW and LMW 
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ino acid sequence of tvMJjyfcimn and kallidin 


kinimigens of bovine origin have molecular weights- of 

76,000 and 46.000 respretively, The HMW form, also 

referred to as substrate L is a good substrate for both 
plasma and glandular kalIikrein. Substrate 2. the LMW 
type, is a good substrate for glandular kallikrein only 

(Fig. 20.3), 


Kinins .and Kin in iNireiiirruKs 

kJnensl The ammo acid sequence of the two inosi 
important plasma kinins. bradykirtin and kallidin. is 
shtmm in Fig 20.4. Biadykinin is a nonapepiide, 
whereas kallidin is a decapeptide identical to the 
former except for the addition of yn .'V-terminali lysine. 
Thus kallidin also is referred to as lysyNwadykiniin. 
Addition of methionine go the jV-remiiisal lysine of 
kallidin yields a third biologically active kinin called 
mcthionyl-kallidin or mcthionyl-lysylhradykiniu. 


RISEN INHIBITORS. Specific inhibitors nr antagonists 
of kin in action* on effector eel K have not yet been sat¬ 
isfactorily identified. Accordingly, link is, lcnow*n about 
kinin-specific receptors, although they have been 
divided into a senes of subtypes (Drama el aL 1979; 
Burch A al . 1990; Farmer et a I, 1989), Analgesic and 
unti-inflammalory drugs- such as aspirin and 
indkimethudn reduce pain and intlamitnlory responses 
to kinins. However these drugs probably act by block¬ 
ing sy nthesis of prosUigLmdins. which mediate ckt rnotl- 
ulale certain activities of kinins (Mareeau ct al. 19*3), 


KJNINASES AND K ININ ASF INHIBITORS 


KINJNASES, Plasma and oilier tissues contain 

enzymes, collectively called kin biases. dial rapidly 
inactivate kintiw (Fig, 20.3). The most important 

kinmascs have been named simply Lining I arid Tl, 
kininasc I is a earhoxypepiid&se probably synthe¬ 
sized by the liver, bui ii tan he recovered from the 
lungs and. possibly, the skip. More attention. has been 
directed to k mi nave It. a pc pi idyl di peptide hydmlflje. 
Iv ini na.se JI also converts angiotensin I to angiotensin 11 
and in this contest is comimnlv referred In as 


angkriEnsin-convcrting enzyme. It is present in many 
tissues hot is extremely active m lhe lungs t Erdos 

1975). 


KIN1NASF. INHIBITORS. Capmpri] Lind teprotide are 
new ddiig-v that inhibit Idninasc activity, thereby retard 
ing macLivatiDn of brndykinin. As discussed! earlier in 
lliis rhaptefn the kimna.se inhibitors also reduce Ihe ton- 
version of angiotensin I to angiot-ensin II (Erdos 1976). 
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Although Ctp topnl and teprotkk are iocffttiingly being 

UKd to dilgUK and LreaL forms- of hypertension in 

humans* the importance of the kininiCMfs to iiiwmal 4iod 
abnormal dmikny fboctkw remains uncertain (Mills 
1979; Bhmlu tt sJ. 1992). 

Pturm^loglc Effects of Klnin^ Kmi-ns are 

extremely potoal vasodilaton, being about IQ-times a* 

mllaVU as MstamUK. Tlwy u*:t dlnClIy 41 B 1 Vjiscilhtf 
smooth muscle, hul ihe nci effect in different ViLvcutor 

bods wkt wiih species and d^se. Smooch mosek <rf 

the micnvirculaiicm (i.e., of terminal arterioles and 

tuD venules) ■§ reined by the fcmouk yielding a 

marked dpcmH in tyftmk vascular PMitfllMr Blood 
pressure falls accordingly, hul a reflex increase in heart 
rate and cardiac output may occur. Large arteries and 
veins, in contrast to Ihc micrcsurculatnry m«ls, tend 
h) gootraet iipon exposure tn Lipin-s, Penneahilicy of the 

guoro ci ic ul ati o n i» increwd h> the Unfau, resulting in 

edema formal km similar to ihc wbeil and flare 
response seen with histamine (Chop. 19j_ Bradvkinin is 
believed lo act in part through activation qI the phos¬ 
pholipase C-mutt-Mol tri*phuhphafle-Ca"* triad (Fiiiolalo 

eiaLlWKl 

■ 

Intestinal hikI uterine tUDODlh muscle generally is 
cuiiEfavCed by kiuiiks. but [he duodenum in Lhe fat is 

reined, BiooclucwiAlrictlDi hy kiriiiss is prominent in 
I he guinea pig and in wme asthmatic hunuuis hul is 
genenlly unremarkable in other species. 

Kin ins 41 re poient algesic suhsianees, and they evoke 

pain when applied topically to opoaed btttkn <ir when 

iiyKted ini m-arteri ally, These mpOftK* are 1 bought to 
he associated with stimulation of sensory nerve end¬ 
ings. .Siifcee aspirin and other inhihaiLifs of jmlaf landin 
synthesis reduce km in-induced pain, prostaglandins 
may mediate or modulate the algesic activities oF the 
kinins JMorccau el at. 191.1-), Kinlns also can stimulate 
LDtoHOUC ganglia and release eaieeholamincA from the 
adrenal medulla. 

Role uf Kndiwnnus Kiniim. Considerable ^pecula¬ 
tion has centered mi the possible roles of kimnv In 
physiologic and pathophysiologic (M tt tt Ufll PuLho- 
logic conditions in which kinins. may participate 
include acute inllammations. arthritic Mates. curvirtuid 
syndrome, pancreatitis, migraine headache, allergic 
relictions. endotoxin shuck, and anaphylactic duct 
Kin ills mcKsi likely iiiretaei with other autaeLPids in 
some id' these puthuloglc slates, but their precise 
involvement remains speculative in most cases (Schrutr 

W992X 

l"he physiologic roles of the kullrkrciiis-krnuis, even 
in tissues where they exist in large coocjentrelioni fe.g., 
pancreas. ptomi, and parotid gland 1. also remain 
uncertain. There is evidence dial k-«illikrein*-kinins 
influence blnxJ flow in exocrine glunds and evert par- 
ticapate m feptotbctht toivitki and eel I pnllfentitM 
(Schachter IlMO). 

Studies have housed imi [he roles of plasma 
kail ikrein and HM W kininugen in blood coagulation 


iudeperldcnlly Froiti their ianolvement In kin in Forma¬ 
tion- There is considerable evidence that plasma 

kail ikrein idiviia the Hjgeman factor (factor XIlL 
Activated Hugeman fiictur and Its bigreib in turn- 
aceclenite cuhvitshul of prekiil I ikrein to kallilhrein. 
This establishes a local positive feedback system lor 

BHlrind aedvaikm of chitting factor XI] far the co^g- 
ulatioa easeukle (Trig. 20,3). hi addUuM, the HMW 
kininogea may paitklpate in the coagulatiM jinw.-esN. 

hy increiLsing the srthtoOfl of faenw XII, prek^lUkrein, 

factor XI. and plasmiKgen activator. Since plasma 

kali ikrein and plasmiry^egn iwlivator are chcmiriactie 

fnr kukocyi^i (here seem to ix b fonctsoul itnencdofB 

between hl^od con^ulacioi^ kullikreins uaid other 
klnivui^ciuiscs, and inflammation (Cochrane ci nL 
1973: Mandle et al. 1976; Ramoff and Saito 1979). 

Studies alui have suggested that renal kail ikrein may 
he of ^.ignitlcangg in regulating flysd mnd electrolyte 

hiLlaiigg and, rmal heovodyiunkt In contrast 

1 l? thg renunhupotonsiin system, htwever. k; lI| ikrein 

and bradykinin are diuretic and natriureiic agents: i.c.., 
they increase urine volume and salt excretion. Port ol 
the physiologic actions of the kinins seems 1o be medi¬ 
ated or modulated by prostaglandins and other aula- 

cddi ^ and Fleming t99h-) p but Mk Hotributton 

of kinirls to the regulation of renal bluod fluw and 

ik'phr'orl fucttoi remains speculative (Mlfgollut I97H;. 

Mills 1979) Tile OKt pliysiulugie roles of the kinins 
preMMy will nut be delineated until specific blockers 
of kinin reeeptLWN are ideniified (Regoli ei al P L99fi|. 

OTHER PEPTIDES, Several other vasoactive pep- 
lides, of which thn actnm in paihophy^-iulogte atatoa ore 
Jess known, are suhsloncc F, vascuiciive inleslinal 
polypeptiik- (VIP), eletku^in. phywdaemin. c^vemlein. 
cn-lnstnikinin, urokimn, and the kinins td wasp and hflr- 
nci venoms. VIP present in the Ama.ll intestine and also 
widely distnhuted in peripheral nerves and the cenlral 
nervous system. Although VIP exerts multiple phamu- 
colffk actions in different tiSsSues. its physiologic rek- 
vance remains quesLionable. Substance P was lirsL 
extracled frutn horse intestine and- brain« it is on endc- 
capepli-dc Ktructurally liiriilar ll^ clciltiihiik and! 

physktanuL Sobstim P has some hnadykininlike achon 

and Lt a pcstent stimulant of the gul. EkdoUn ifn-mi Nw 
ciciupiis| 4 ind physaLjunin (from the skin of an amphib¬ 
ian \ are endecapcptideA with hradykinin-likc activity, 
CtKiuldn. a related dedpeptkk, i% 4111 extremity poMlt 
srimnklnr of pancreatic 4ind other exocrine soiwtiaa. 

A trial utriuretK fiKtor is, released from ihc righL 
$cri 4 il musculature of the heart in response hi blood vol¬ 
ume overload and cardiac stretch. Iliss pepLide pro¬ 
motes sodluvn excretion and diuresis and may have 
fuiure application In the therapy of congesLive heart 

Fid I arc- 

other vasoactive peptides such av oxytddn and 
vasopressin ore discussed in the chapters on hunnoneSv 
and the cytokines are addressed in Chap. 21 along with 
die eicubafluids 
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Prostaglandins, EtifLHkihtii^jiiH'N. and leukotnienes are 
pfiiitipikl m Jhi of IL divene family of endogemHis- 
fatty acid derivstim aynthc aizcd from odl membrane 
phospholipids by virtually all types of iiiauunuhan ttllt. 
TIk^c conpoupdi and choir rriibves us referred to eul- 

kciively ah the eicuftanoids, heeauve chair faiiy m id |tc- 
nirwjnt share "ricnBa 8 ' as (he prefix in their dkenkd 
mmem: tature*.. Ekonnoidu and other relaLed fatly acid 
derival ives such as pt;aalai aelivaLinp bnor(MF) have 
a remarksiblc ifffCtnm of hiolngk Ktmte These sub¬ 
stances represent some of the moit important auiaeoids 
involved in homcostalic regulation. The breadth of bio¬ 
logic effects of ihe riWMMHh is believed (OHHflqMSft 
practically every bodily activity, including various 
reproductive huctHH, bloml procure cnncenl, renal 
function, thrombus formal ion, inflflmnmi&on, and many 
more. Interaction wish the prostaglandin system is now 
recognized as an important mcehani.-sm of pharmaco¬ 
logic action of certain therapeutic agents- such as aspirin 
and other nonsteroidal anti-inflammatory dnjg> (Mas- 

ferrer and Kulkami 1997; de Bmdk-Fnudda 1997; 
DauKly and Hawkey 1997k 
In addllkn to ckounoidA and PAF„ ibis chapter 

briefly iiddrcs-^ex another group of endogenous proin- 


flaiwnatocy mediators, the cytokines. These agents arc 
not chemkilly rdUtd to Lhe dtnuokb or other fatLy 
acid dcriviiivai; rather, the cylokilH are pmteins 
secreted by a variety of eel I types in rctpOCW lo inflam¬ 
mation and other stimuli lhu.1 often CMOQfVlftafllly pro- 
moCe increased synthesis tf tbe okffiUKHds. 

HISTORY. Recognition nrf the cjccttcjinink can he 
traced to lhe early !L93fts, TWn Amencan gyneeotngisis 
reported that human semen contained a substance 
affect mg lhe CHtfMtik activity of human uterine strips 

{Kurznpfc and Ueb 1930} r Extracts of ttflkhul fluid and 
wnmy reproductive ||uds effected aysiemk blood 
pressure and smooth muscle contractile function, The 
Idive substance wa* distinct from ihe then known 
LiuCiR-tuds and WAS identified a_v a lipid-soluhle acid and 
was named prostaglandin i.TO>. 

Continuing investigations revealed tbiit PG actually 
comprised a lar|?c family of c losely reined acidic Upidt 
with unique chemical structure. The haste structure! 
unii of Lhe PG compounds pewed w be a -d carbon 
unsaturated Clriuxylki acid (Bergstrom and .SamucK- 
son 1968^ Lhe initial PCK were named accenting el* 
cbemkal Structure -iind were designated by the IctLers 
A-R PGF, cunLinues lo receive the most attention rel- 

. BP 

adve lo-iuiimal reproductive problems, which represent 
the most important cCiniciil uses of Kj compounds in 
veteriuiy medicine (Schdls 1980; Seguin l9Mk 
Recent wjvuRVMtt have thlAed onphnii away 
from the classic PCis (i.e f| PCIA-PCjF) mill toward 
newer compound* such u lhe cyclic endopeftNlldes 
POO S and POHj, prij^tucyclin, thromboxane A,. 
taoJoAvunR, other etcwanoUi, and Lhe related RAF 

fCampbcl I 1990; Raitd and Moni»fi 1993k 

rHEMISTMY A Nil TERMINOLOGY OF 
PftOSTMrfAN DIMS. Common to chc structure of 

naturally occurring PC3s- is the unnatural fany :«id 
named pro^tannic acid; this compound is a Jfi-carhrm 
carbtuyUcr acid with a cyclopentane ring iFig. 21.1k 
The primary or chraic Kis are individually named 
according to substituents mi (Ik cydupciiLaiic ring; 
these are PGA. PGB b FGC. PGfJ.. TOE. -iind POP, as 
shown in Fig. 21.1, This figure alsi> pictures ihe ring 
moieties of lhe newer PG-rebied covnpoUKb; PCiG v 

TOII. pfosacydlu t ft.! I k and ihnnnhoxinc (Fig, 21 . 1 ). 
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FIG. 211—Sfcwtum -nT pncihlamuk; .acid and the 1 ring inoiaEitrs l>T lhe ha ]mnui y FGt (A-JPIb thi- cytUc flldD|HfluUH (G., H). 
pKHfKyGlia (H and thromboxane A (TxAJ. In lhe rt n t ttk ttal CttWtOtiOfl Uffd m Uia^ and suhuflquijni: iLluMralimh. lhe 
hub.'iiiiuLnh Indicated by the triai^fl lie an frai[ of ilic plane of He rin.c tincture^ where* An ite fct te d by dw duted line 

lie twfiind if. 


The PC* and related ndMuces are further eutega- 1 
ri/ed ds ETftQSKK di-, or Iriunsaturated depending on the 
number 0 1 earhnn-earbon double bonds in the side 
chains. Tim classification appears as a subscript to Lhe 
totter C.J.. a FG C has one double band between C-13 
and CM 4. a PG : ha* an addilional double bond between 

C-5 and C-ft, and a PCs a has an additional double bond 

■ 

between C-17 and CMS- As an example, the structural 
formulas of PtiE^, ENJE„ and PGE^ are CAUpUfid in 

Fig- 2L1 ' I 

Bfottyuhcdcnliy, the PCs are derived bom 2Q-ear- 
bon polyunsaturated fatty acids that contain a total of 
chnttr, four, or five double bcuids. These acids are ti, II, 
14-eicosairkftnie aetd irtihomn-ydiiKiScmc acidi; 5, H, 

I l h 14-ciensatrtraenoic acid (arachidonk acid); and 5, 
ft, IL. 14, 17-cLcosapentacnoic acid respectively (Fig, 
2U), These csscniiai fatty as: ids yield PGs with one, 
two, or three double bonds remaining in die side chains 
respectively, which account for the pttvidlifly 
described classification as mono- tPC,). bis- (P0J, Off 

trknok; (PG J PCs {see Fig, 21J) (Wolfe 1981). ' 
BIOSYNTHESIS OF FJCOSANOIDS- Thu- fiitW- 

hiuihI*, in coontt a 1 many qtbff auiacnids, are not 
localized nr stored in tissue pools. Instead, release of 
these compounds (nun cellular component* reflect* 

incniKd nto i^f 1 heir lynAnls Item available futy 

acid precursors. Araehidnniu acid, the precursor of lhe 
bisenuic PGs, is behevtd to be Lhe inosL ImpatHt 


O 
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1.11, 14-ElCOSATRIENOIC ACID 



5, ® r 11, 14-EICOSATETRAENOIC ACID 

(Arachidonic Acid} 




$**!« 


5. B, 11,14,17- EICOS A PE NTAENO 1C ACID 



FIG. IV.J-SttUHti *4 fifty add pretiirair* rf Lhe K 2, 
and 3 scries PCs. 


source of the PCs compounds found in higher nuuiir- 
malian species. The tricnoic PGs may be- important in 
marine animals, where lhe cicosapcnlaenoic ate id 
seems to he she predominant fully acid precursor. 

Araehidonic acid i* an es-senlial Fatty acid. It is 
incorporated by ester linkage into phospholipids of 
cell membranes and may he contained in other com¬ 
plex lipids such as the triglycerides. Cellular phos¬ 
pholipids release araehidonic acid in response Lo 
phospholipase A,. This enzyme is activated hy a wide 
array of physiologies pharmacologic, and pathologic 
stimuli. Hormones, nrurohurmones* and other aulii- 
coids can participate in initiation of (his proceu; e g., 
potent, vUMctivc ki mists and anpimensiki aciivatc [is¬ 
sue phospholipase A, and [hereby accelerate FG syn¬ 
thesis. This activity in turn results in ctttOgCJ in 
intensity and range of action of hradykinin and 
anghuensin* since FG can also modulate the biologic 
effect! of these polypeptides (McGilf 1979). Thus 
complex feedback systems exist, which regulate PG 
synthesis relative to ihc physiologic status of the ani¬ 
mal and the resulting activities of other biologically 
active compounds. Even simple mechanical agitation 
or trauma of tissues can result in phospholipase acti¬ 
vation with release of arachidkjiiic acid (Mcmcadl and 
Vane ]97** a 

After its liberation from phospholipids, aiachidnnic 
acid is subj&cl Vo rapid ovidatiHc catabolism by two 
scparaic enzymatic pathways involving a cyclooxyge¬ 
nase and a lipoxygenase. Transformation of arudhi- 
donic acid io some of its more important FG derivative* 
is illustrated in Fig. 21.4 nd summarized below. 


(yckutvyj^iuwe^ Synthesis of PG compounds begins 
with the oxygenation and cycBnlfefl of arachidonk- 
acitk ihese events arc catalyzed by the enzyme known 
as buy acid cyclooxygenase (Fig. 21.41, This enzyme 
is widely distributed in mammals t and urachidtHiic 
acid can he metabolized to iLs PG derivatives hy vir¬ 
tually all I issue types [hat hove been lesLed. The 
immediate product of cyclooxygenase and inchi- 
doflic acid is I he cyclic endopentide 1*00,, which is 
transformed to Lhe closely related cyclic endopenos- 

ide PGH, (Fig-114). 

Endopercixides PGG, and PGH. are quite unstable.. 

with biologic half- lives of 5 minutes at phyuologjc pH 
m4 body icmpcrature. The enLlnperoxides undergo 

enzymatic or nonenzyjiuuie uanhfiwmatkn, yielding 
different PG products (i.e_, FGD,, PflF. v , and PGF.J 
thip. 21.4K PGA. PGB, and FCjC compounds aim 
formed from lhe corresponding PGF. during chemical 
extraction procedures and may not occur biologically; 

PGF,,, can be transformed from PGE. in some tissues 

hy \a 9- ki^h i-hediMiist: ^rtzVinjv, hut |l»e pKSHKC cat lh|.s 

enzyme under biologic conditions is somewhat debat¬ 
able, In addition, enzvmelikc activity called FG 

*■ ■ 

endoperoxide F M reductase, which can fomt PGP^ 
from the cndoperoxidcs. has been detected in the 

bovine uterus (Kindahl 1980k 
Ini addition lo yielding PGs of the L>, li. and f : senes, 
endoperoxide PGH, also is melaholtzed into two other 
compounds called thromboxane A, and prostacyclin- 
These f riliw « highly active but powu struc¬ 
tures that differ HflKtriut ham those of the primary 
PGs (Tig., 21 A), 

Studies have shown that [here are [wo major kffr- 
I'unm ol'cyclooxygenase; cyclooxygenase- 1 (COX-1 ) 
and eyctooxygeiiase-2 (OQX-2) The former osync i% 

constitutive!}! expressed in nwM cells under basal con¬ 
ditions. and it serves lo synthesize [he imiH amounts of 
PGs Hint participate in normal physiologic Aucdotu. 
COX-I is especially important iit producing those 
cicnsanoUJs that have protective actions on gastroin¬ 
testinal mucosa. Inhibition of COX-I activity can 
therefore be detrimental to the palienl because of foot 
of gastrointestinal prut eel ion of rflomnil epithelial cells 
(M—fwrref and Kulkami 1997 k 

The other isoform of cycloovygettase, COX-2, is not 

constitutive!)' present - , it is nnndeiecrahle under basal 

Doudovulaied condition*. However, when cell* » 

exposed to hsfccteriiil lipnpolysaccluridc and certain 
inflammatory cytokine* and growth factor*, the xynthe- 
si\ of COX-2 in induced. The inducible COX -2 resulLs 
in increased concentrations of PGs that pLulidpale in 
inflammatory reactions (de Brum-Fernandes 1997)- 

THROMDOXANG A t An enzyme fir*t isolated from 
equine and human mraribocytH was Ibund to convert 
PGH, iikGK a compound containing an oxanc ring 
instead of the cyclopcntanc ring of the PGs. [Tiis sub¬ 
item was named thromboxane A. (TxAA and the 
responsible enzyme- was named thromboxane synthase 

(Flg.21.4X 
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iJtA, has a brief hall-hfc of about 30 seconds. under 
■ 

piiytMbgk cundilitmv and if degrades into (he stable 
eompound Ihromhovane B. (Fig, 21.4). As will he dink 
cussed MihHicq-uentty, TxA. plays an [npMtalK physio 
logic retie a* a vuswonsiricUir and pm^^g rebate m \ 
Ihmmbu^ hrmuCicm (see Chap. 2BI. I 

I 

■ 

PtoOSTA* Yt'US. An enzyme Local ijed in vascular t|s- j 
sue was Sound 10 convert FGH, imo yel another highly I 
active meLubuJile culled pTuMaevelLn or Mil, (Rg P 
21.4). The I'n/yme was named prcs^Lucvdin svnlhuse 
(Fig. 21.41. 

POL Ifcis. ii dnuNe-ring cuniponenl rather lhan the sin¬ 
gle cyctopenlaoe ring (Figs. 2LI. 213.4). The biologic 
ha]('-li.fc of POT is quire shun, berw^n 2 und 3 minutes-, J 
il is ennverted nonenzymatically into a relatively inuiClis^ i 
but slaWe produce 6-teo-PGF |;i (Fig. 21,4). POL il a 

potent vasodilator and exerts antiaggregatory icdvjty on 

Mood platelets (bh Mow and Chap. 28) r 

Although (any acid cyckHnygenne i.% 
widely dkstrilMlted,. lipoxygenases have so far ben 
found mainly in lung, platelets, find while blood cells. 


Mciaholi Sill Ilf LlTueh uh lll IL LK-'ILt *1 liL llpOXA LVlIiLSe pillSi- 

ways yields unstable hydroperoxides, which ihen break 
down to the stable bydroxyackfa nr a re further rrunv 
famed into Other derivatives ruh as the leukotrienev 
Sekcled products of lipoxygenases arc shown in 1%. 
21.5; these include IZ-hydfoparoxyaradikkmk: acid 
rHPBTEj und m stable metabolite 12-hyrinuyarachF 
donk acid (HETE) The breadth of physiologic actions 
of i hese conpouiKb rcmuitt unwtaifl. bus they arc 
ehemmuetLe for leukocytes jiilL participate in inflai-i 


matory mponw, 

The name leukotricne has heen proposed form group 
of noncy*:lized, ZCh-eaibon. carboxylic xicilI prodlKlB of 
uraehidoniL" acid formed by 5~lipox.yp*:ni]Ne aeljv f! y 
(Fig. 2LS)u Tile trivial name leukoLnene wijts chosen 
be ca m e these compounds were discuvcnd in leukcn 
cyLrS and shared u KHUUO Mruclural feuture us conju¬ 
gated iricik-s (SanwelsflHi 1983). The initial reaction of 
the S'llpoxygeuse pathway m the fonutkm of 5- 
HFETB m§* 21,5); 5-HPETE id converted either to S- 

HETC rw to leufcotriene A J? a 5.J& epoxide. I jwkotTKtt 
A i is cnfiverted in turn either to leukotrieiK B. Of C 4 . 
The latter is a gluLatluonyl derivative, formed bj the 


f 
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enzyme gliuatluiHie-S-iraii sferase (Fig, 21 .5% 

Ijcukrtricnc D, is fanned via the ckmvige of the 
glycine muicty from leulkoLriene C r while E 4 is synthe¬ 
sized by ihe subMX|ucni Rffloval of glycine. The bio- 
iLnjeic importance of ihe IcukLurienc* in under intensive 
mvcsvj^.iUican; ihere is considerable evidence that these 
Hlbtuut part idpnlc in inflammatory Ryctnofl, and a 
combination of the vyMeintf-eeinwiniiig leufcotrinH 
(t.c__ C Jfe [> fi . and Ej is miw betteved to compose the 
slow-reading uhctim of unaphyluua (SaaauclHoi 
1983; Samidsflaa ci dl. 1980). As a general rule, the 
dihydrojiy acids ace ebemotaetk fur leukocytes hui 
have minimal smooth muselC’tf iwulacing properties, 
whereas the su lfur linkage and am inn acid residues m 
C-ft are required for smooth imisele-sli mutating prop¬ 
erties (Piper 1983). 


IKIIIKITION OF BIOSYNTHESIS OF 

FlOJSAfNOtlXS.. Tissue distribution of lltc different 
enzymes involved in PG bkMyUbedj is important to 
medicine. These enzymes currently nepreseni ihe most 
vulwjiNe liigett tor pharmacologic manipulation of 

the PG system 

CydaoxygitfiaH seems to he rather uhiquiLous, 
because most |issues aje able tn convert aruchidcmic 
add to ihe intcnudlle ndopenutidcs PGG .. and 
PGH_, However; the Fate of ihe latter compounds vario 
considerably in different 1 issues. 

Rcpnxlltclive mpuis of several species die able lo 
ryMbniv POE. and PGH ?iji , whereas lk spleen and 
lung i-4iiii prt>dtiee I he whole range of Ptl compounds, 
'the major PG Formed by blood vessd endothelial cells 
is PG1hence, pmslacyclin synthase is of major impor¬ 


tance in this tissue. On the olher band, ihromhoaanc 
syuhasc is domiiuunt in blood placetei.s:. Tx.A, is a pri¬ 
mary PG product of this, eel I type. Various drugs have 
been Mudied in attempts to regulate the PG system via 
effects on Ihe participating euyoKt. 

Starling with Vane's wwk in 1971, ihe mtber pro¬ 
nounced influence of aspirin-like drugs on lhe PG sy*- 
1cm became apparent. Aspirin and Other anti-inflam¬ 
matory agents of the nonsteroidal type disrupl the 
cellular release of PGi- by interfering with their biosyn- 
ihe.sis. ']"hc site of inhibitory action of Lhese drugs il 
localized high in the PG cascade, at the cyclooxyge¬ 
nase Level (Fig. 21.4). By inhibiting cydoMygciiase. 
aspirin prevents ooownkHk erf mchidook add to die 
endopenutides PGG, and PGH,. Accordingly, ilk for¬ 
mation of PCi products below PGG. and PGH, in the 
metabolic pathway is likewise retarded hy the autism of 
aspirin (Vue 1971). 

Other minsicmida] anti-inflammatory agents that 
inhibit cyclwxjtnw include other salicylates, 
indomethaein, phcnylbuLazone, naproxen, tlumxiiL and 
moclofeiuunic acid iscc Chap. 22). The anti-inllanimu- 
torjr, antipyretic. and UilgCtk tttiflU of '■uuh drugs 
are medialed principally by inhibition of PG biosyn¬ 
thesis at ihe cycknuygHUK kvd (Mw c rii and Vnne 

1978). The side effects of this group of drugs also 
depend on inhibition of PG synLhesis (m Chip. 22). 
Aspirin-1 ike drugs ire not inhibitors of tint lipoxyge¬ 
nase en/ymes that participate in other metabolic [Htifa- 

ways of andudoiuc acid 

TndkkxuJ ih HtttH lmlLu.1 anti-i nflam malory igHUts 
nre iHinscleetive inhibitors of Imh Ihe constitutive 

COX-1 Lind ihe inducible COX-2 iunzyma. tidiibi^ 
cii.ni of COX-2 reMiltN in Ifacfipwlkally useful mtac- 
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tkms in ihe synthesis of proinHammatory eiposannids, 
hut inhibition of COX-1 would ;li the Mime time result 
in lou of protective and ocher physiologic functions of 

F0> nertsuiMy farnormal cellular funcck>m(dc Brum- 
Rrmnd^ 1997; Dpnnelly anii Hun key 1997)- Drug!-, 
with greater inhibitor)* acts m on COX-2 than on COX- 

9 would he iherjpeuiieally beneficial because they 
would selectively reduce synches is of inflammatory 
PCI-, while sparing! cellular protective act ions of CGX- 
3 products. Hewer nonsteroidal anLt-milammalory 
agents with elective COX-2 inhibitory action* are 
addressed in Chap, 22. 

Conieosieroids interfere with PG biosynthesis by 
inducing (he synthesis or a protein inhibitor of phos¬ 
pholipase activity, thereby retarding release of arachi- 
donic acid from cellular phospholipids (Wolfe 1982). 
Corticosterquls aEso modulate expression of the 
inducible COX-2 enzyme, thereby decreasing Us for¬ 
mal ion (Miaferner and Kulfcarni 1997: de Bmm- 

FenuAikt 1997; Donnelly and Hawkey 1997). 

Considerable interest is directed toward characteri¬ 
zation of selective LnliihUors of the IWj-synlliesLziitg 
enzymes: e.g., imidazole and certain of its analogs 
prefereitlially inhibit thromhoxine svnftha&e. Certain 
analogs of PGG. and PCH also exert selective 
inhibitor) 1 actions on this enzyme, Conversely, prosta¬ 
cyclin synthase; is inhibited by lipid peroxides such us 
15-HPETE. Clinical application of the above enzyme 
inhibitors is unproven, hut potential advantages over 
(he aspirin-like cyclooxygenase inhibitors reside in the 
possibility of selectively reducing, production of one 
PG derivative without affecting others. 

PHYSIO!XX; tC-FHAR MACOLOGIC ASPECTS 
OF FicosAXCvms. Although a multitude of bio¬ 
logic activities has been assigned go the differem 
eicosanoids, the physiologic value of all such effects 
and relative importance of individual derivatives 
undergo almost continual reappraisal as new discover¬ 
ies are unfolded. Anifaciual conversion of one PG to 
another during tissue isolation has delayed attempts to 
designate biologic responsibility. In addition, dida 
obtained from one animi I specie* may not apply to oth¬ 
ers bccum there arc formidable species differences in 
responsiveness to many members of the eieosanoid 
complex. In the following paragraphs, some of the bet¬ 
ter defined physiologic and pharmacologic aspects of 
the biologic activities of this system arc summarized. 

Reproductive System- The inrolvemffiiu of PCs in 

reproductive physiology is covered later in this volume. 
Briefly. PG compounds have been associated with I u tr¬ 
uly sis, abortion, and parturition. 

Interest is focused mainly on PGF^, which is 
believed to be the long-sought lulcolytic hormone pro¬ 
duced by the uterus in some nonprinute species (e.g., 
mare, cow, sow, ew, and guinea pig), This factor is 
believed to control the life span of the corpus luteum: 
e.g.* in nonpregnanl cows ihe luLeotydc hormone or 


PGF, is reteased! a bout day 14 ur 15 of the estrous 
cycle. The corpus luLeum degenerates- which evokes 
the return of estnis. Pregnancy inhibits release of the 
luteolylic factor, hence the corpus Luieum persists and 
the fetus develops. 

In addition to producing lulctilysis, HGP.., also causes 
conlTBCliofi of uteri tie smooth muscle. Since blood con¬ 
centrations of PCp increase during labor, FOR release 
is viewed as .important for prepartuin lysis of the Corpus 
luteum, w hich removes the progesterone block, and for 
evoking uterine contractions during parturition. 
Increased PG production has also been associated with 
abortion and premature Sabot., In support of these con¬ 
cepts, aspirin was found to delay parturition., reduce 
uterine contractions during labor, retard prtnttiMure 
labor, and delay abortion. The participation of PG in 
reproductive events has been reviewed by Schultz 
(1980)1, Seguin (1980). and Statenfeldt et uk (1980). 

Curdiut ascular System. Systemic administration of 
Ht is can evoke pronounced hemodynamic responses, 
depending upon the individual compound iiitd animal 
species tested (Cantu et ah 19921, Blcwxi pressure 
effects of sill the PG derivaiives mainly reflect changes 
in peripheral vascular resiManct; these agents affect 
smooth muscle contractile activity in large arteries, 

arterioles, paeeapi Maries, venules, and large veins. Pri¬ 
mary PGs of the E and A scries, particularly PGI£„ ore 
potent vasodilators in must specie*. Conversely, vascu¬ 
lar smooth muscle is generally contracted, by PCjK v- . 
Vasodilator effects of the latter and vasoconstrictor 
effects of PGE, have been seen in certain varwillv bed* 
(McGIIT 1979 k 

TxA, is a potent simulant of vascular smooth mus¬ 
cle a itd has produced vasoeunslriction in all blood v^- 
*c! *ystems yet tested. TxA, was nrigi natty detected ft-* 

rahbil anrta<cnfitracting substance released from guinea 
pig lung* during anaphylaxis I Piper and! Vane 1969k 
As opposed to TxA,, PCM, is an exceptional vasodila¬ 
tor. It is several times more potent than PCE_ Pro¬ 
nounced vasodilator effects ul PG!, have total demon¬ 
strated in several regions, including the coronary, renal, 
skeletal muscle, and omental vascular beds. 

A systemic depressor response is evoked by the 
vasodilators PGI.. PCI:-., and PGE,, whereas a pressor 
response is produced by the v^so^inslrtaiurs FGF... 
and T*A r Interest i ngfy PGI, is equipotent a-s a 

vasodllatiu w bet her admin istered i nt ravenously or 
intra-arterially. This is an important difference from 
PGE, or PGE,. which are much less active w hen given 
intravenously. These difference* were explained when 
>t was discovered that FGE, and PGE, undergo almost 

complete metabolism during a single pjcfcsagc through 
the pulmonary vascular circuit. whereas, PGI. is not 
met j holived rapidly by the lungs. In fact, the lungs 
seem able to release PGI, into the circulation. Persis¬ 
tence of PGI, in ihe hlood contributed to the suggestion 
that this agent may be a circulating PG with more 
hemodynamic responsibility than the rapidly inacti¬ 
vated PGE* (Moacada find Vane I97B>. 
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The intermediate adopenutidu PCG. and PCH. 
exert variable effects on vascular smooth muscle; bolh 
woeonstrietkn and vasodilation hive been repotted. 
This Hope of activity reflects Mjme intrinsic VttOCOO- 
stridor actions of tin: endcypi.Tos.iLle?: av well as iheir 
rapid conversion Li* oAff potent agents Ukefa is PG1,. 
Similarly. Iqjectkn trf mdudHic Kid con diets dicu* 
lalory uffocis that arc mediated hy its metabolises; such 
effects arc inhihited b> aspirin. 


Cube ovtpul is increased slightly by Ftls of the A p 

E, and F series, but cardiac responses to P(i in intact 
subjects are mainly a result of idbt adjust it tan it to sys¬ 
temic blood pressure changes. tJnJy weak inoUinpk' 
effects ate seen wish i uilatcd head muscle prepara¬ 
tion. The heart can release endogenously produced 
PGI. upon exposure to certain stimuli, hut ilifa activity 
reflects PQ synthesis by the coronary vasculature and 


not by iIk cardiac muscle cell {SivakofF £8 al. 1979). 

There is increasing evidence thus differem 
ekmauidi participate in the pathogenicity of circular 
(uty depressant effects associated with gram-negative 
Odotcnkoairs. Mtwi studies have focused tin TxA. and 
POL, and the eonecniralions of both increase during 
endotuxiit shock in dogs sod horses i Moore cl al. 

ITO 61 . 


Alihnugh Lenktujicnes C a and D, exert potent cudfo- 
vaseular effects, differences exist relative to animal 
species and lo route of administration. Doth agents 
cause an initial bypaudsiw response followed by 
long-iasLing hypoLcnstuft when injected iniruvvnuu^ly. 
When given arterially,, the pressor phase is reduced- 
while the depressor respond is prolonged. Interest¬ 
ingly. in least a portinn of Lhe cavtewculir response 
10 the LetiknUienes may be secondary to irieue of FUi, 
hceausc cydomyiCDlK inhibitors attenuate the pro¬ 
longed hypotensive response to lhe leufcotrfcoes. Piper 
( 1983 ) has reviewed the cardiovascular profile of the 
Icnkotricnca. 

Since certain fetal and maternal blood vessels can 


synthesize PGI,. Ibis agent may pariicipiUe tu circula¬ 
tory udjustmeats to pregnancy and parturition (Tbr- 
ragno and Tempo 1979)- Locally synthesized PCjI, 
has beoi iniplicaicd in maintenance of the patency of 
lhe duclus arteriosus. Ibis concept wax based in part on 
the observation Lhat aspirin could produce closure of 
the ductus in neonates. Indonieihaciti has proves supe¬ 
rior Iss aspirin in this respect, bol mixed results have 
been seem in clinical i rials* 


Blood . Gompared to roost cell types, erythrocytes lack 

Lhe capacity to generate significant amounts of PG, In 
contrast. blood pUtdto are prolific producers of the 
endopennudes POO, and IGH, and of Tx.A v , These 
compounds, especially the more active T*A„ are 
pcneibt jiggregai i Jig agents; iheir involvement in ihrom- 
hus formation fa contrasted wiiti the anfiaggregitfing 

actio* of PGI^ in B* 28J. 

Briefly, the platelet-aggregating effects of TxA_ are 
believed to be important Co the thrombus-forming and 
thus hemostatic mechanisms provoked by damage to 


blood and. blood vessels, Gowersdy, ihc untiaggjcgai- 
ing action of PGI, serve lo modulate ihmmbus for¬ 
mation. Indeed. Nil is lhe those potcnl endogenous 

inhibitor of platelet aggregation yet duwwnd It is 

IIKltl limes more iwreni than adenosine and .10-411 
limes more active iban PGE r Also, PGI. disaggregates 
plateleis in vitro, in vivo in the circulatory system* and 
In exLraLorpnreal circuits where platelet clumping has 
oecurred. 

lt has been suggested that small amounts of PG] , art 
pre-senl sn the circulation, circulating POL, fa respoui- 
hh for lack of aggregation of normal plateleis, locally 

produced PCI. 3s involved in providing vascular 
endoiheliuin widi ils imoolb-Biv&ced duncterislKSp 
and vascular endoLhelium may even scavenge enduper- 
L>xides hum platelets for use in production of PCI,.The 
lallcr activity is envisioned to serve a* a control mech¬ 
anism to prevent spread of chmmhi unlo normal vascu¬ 
lar endothelium when adjacent injuries have evoked 
TwL formal!oa and platelet aggregation- llius platelet 
TxA_ and wcuhrPQL serve a^ bMpglcaDy opposite 
reguiatorx ol interacbcms between platelets and blood 
vessels (Lionnan Mnctdlaod Vane 1978). 

The untiaggregating action of PCI.. PGE,« and PGD, 
has been ussueiatpd with wii inerease in the cunocntra- 


tion of cyclic adenosine monophtisphate (cAMP). 
Although dUftreot PG recepton may be Involved, it 

KHU ihjLt juJcnylyl eyelase is activated by each of the 
unliuggrcgyting PG compounds. Conversely, the 
endoperoxide* andTxA.. inhlhir; Lhe stimulatory effect 

of PGI. on odnylyl cyclase, thereby lowering c-AMF 

cmhenlradon. Drugs that inemsa eAMF concentra- 
tim, such as ihe phosphesdiesterase inhibitor dipyri¬ 
damole (Terstdlire), enhuiiee the aniiug^regaLing 
effects of PGI and intagomze the proag^ncpaiing 
effects of TsA-r 


KUrq. AlLhoogh cyckiaxygcnase is present In vari¬ 
ous regions of lhe kidney, the mujur products of nrachi- 
diinic acid metubulLsm are Lhoughl Co be tissue-specific 
in this organ (McGiff and Wong 3^791, PGI, fa syntbe- 
■sined within Lhe kidney primarily hy the vavcutai 

sttHth muscle oompKlmcnt. ShniII quanrlfties of dus> 
PG cause rami I vasodilation and thereby lower vascular 
Rsialuce and increase blond flow in the kidney. Uri¬ 
nary excretion nf sodium., potassium, chlondc, and 
water is increased by PGI,; these changes may reflect 
direct ellecLs on Lubuliir transport mechumsms or sec¬ 
ondary effects caused hy redistribution of bknd flow, 
“Jliere lh increasing evidence tlut PCI, also reguhues 
release of renin through Klkn oralcd at Lhe vascular 
pole of the glomerulus, and Pti formation may be 
involved in certain types of hypertension (Oates a al, 

1979). 

The major PG derivative of renal flKdnliiry intersti- 
tial cells teems to be IGF.,, Collecting duels also are 
capoMe of generating PGBC. This P15 ean increase salt 
and water excretion independently of blnod (low 
duigtt, an effect caused in pan by inhibition ol the 

aclion of avtidhnek htmnone on pcrmeahiltty tif ltjI- 






uv 

n J 


/rianiGd mater 


a 



Cfaqpflcr 2t t rftoKiyuaMtNDiMS, Ki.1 aTFXi hACTnftK, 4MU s vliiklMJi i* If. Rirhuni Adam* t 427 


leeiing duels, There i* increasing evidence ihac elkis 

of POE, iiiMi also PGF. c cm sail and waier excretion 
involve interaction with the kallikrein-kinm system 
within the renal urinary compartment (Mcfiiff and 
Wong I9T9; Muncada tunl Vane PJTHJl 
TS tA. is believed ID be synthesized by the kidney 
(inly under pfirthdogte conditions. c.g_. lAcr ligation or 

other obstructions- of (he ureter. Paihophy s tol ugic Stim¬ 
uli such as bemucriiage or llpanatHUy can also increase 
synlheds of renal PO B especially PGE r which then 
contributes m maintenance of renal blood flew. The 
physiologic value of PG to renal blood flow in normal 
iwfwtressed animal* remains unclear. 

I nil animation. PGs and other ekmaiiowte are released 
from toft tissues i n response to a variety of noxious si i m- 
uli such as infection and mechanical, thermal, and eheifl- 
ical trauma. Once liberated from irritated or damaged 
cel In, PG contributes importantly to diflbent phases of 

the Local influnimiory reacikm. Large ccm^iradwiis of 
PC i el icir pai n by direct Miinulatiim of sensory nerve end¬ 
ings. Move typically, Pfis in quite small eoficentrations 
sensitize sensory nerve endings to other pain^rorvokktg 

stimuli such as bradyk iniii, hritamme, and oilier media* 
tors of inflammation. Edcma-inducing and hyperctnic 
effects of kmin.v and other juloeoids arc likew ise 
enhanced by certain PGs, e.g., PGF, and Ffil v Thc^e 
PGs do not seem to directly affect vascular permeability 
Kil facilitate leukocvlc infiltration and edema formation 

■i ° 

through v^sodilacLon-indsicefil increase in bknd flow. 
MetabotiHesofihe lipoxygenase pathway also contribute 
to the inflammatory process, imd increasing evidence 
has linked these compounds and certain PG derivatives 
with immunologic phenomenal 

The peptide ledkotrienes increase vascular perme- 

ability and contribute fun her to inflanHiiaiiori by their 
chemutajctic effect on leukocytes, [.eukolriene R. is 
especially active »s a dKftKARnrtant for polymor¬ 
phonuclear leukocytes. Other lipoxygenase products 
such as 5-HPFTF and 3-HETE may facilitate the 
release id histamine and other inflammatory autaccrids 
from mast cells. 

Others. PGs affect contractile activity of several 
sirKHiCh muscles besides Lbnse of the reproductive and 
vascular system*. Many species, differences exisi t and 
the Qtft effect in each tissue is influenced by the age,, 
heal i ll. sex, Arid endocrine status of the test subject, 
PCs- of (he F series., especial |y PGK c , general ly con¬ 
tract (ruchea! and bronchial smooth muscle in several 
specie*. Member* of the E series generally relax nxpi- 
[flUiy muscle. In asthmatic humans* PGF,. p has. induced 
incense bremchuspasm^ while PGE | and PGE„ are 
potent bronchitdilaLors. TsA,, PGG., and PGH, eon* 
tract tracheal muscle and induce bvtmdicwpsan." 

FGIj affects smooth muscle motility and lluid trans¬ 
port mechani*ms in the intestine, where it exert* an 
antidliirrhefiJ effect. In contrast, PGE, produces diar¬ 
rhea, which is an important limitation to therapeutic 

use of this agent. 


PGl, is a major product of the gastric mucosa of sev¬ 
eral specifiL 11 i* a potent viiMxlihitur in this tissue, where 
il also inhibits the acid secretion evoked by pcntagusUm 
Thus PGL may sene as a suppressant modulator of gas? 
lik aetd secretion and a* a participant in functional 
hyperemia of the stomach. The untoward ability of 
aspirin-like drugs to induce gastric irritation and ulcera¬ 
tion ha* been attributed Id inhibition of PGL., synthesis. 

Numerous central nervous system effects have been 
attributed to PG r bul large concenlratinfis are generally 
needed to demonstrate such actions. Several PG deriv¬ 
atives depress release of norepinephrine from adrener¬ 
gic neurons of the autancimic nervous system, but 
physiologic significance remains quexlkinjble. 


Mechanism of Action. Membrane receptor*. for F*G 

have been identified in certain tissues, and smooth 
inusele-*iimnluiing effect* of PG have been associated 
with alterations In calcium movement induced by cell 
mertlbfiine depolarization^ Changes an cellular metabo¬ 
lism of calcium may also he involved in other actions 
of PG.. 'secondary Lo changes in various enzyme activi¬ 
ties. Certain of the PGs increase cAMP concentratinm 
by stimulating adenylyl cyclase activaiy. e.g., PGL in 
platelets. Other* are inhibitory to such relationships., 
6-g,t TjuVj in platelets. In certain tissues, however, 
cAMP can inhibit PG Wosymhtom 
The biological complexity of the eiratawkfe is 
exemplified by rite complexity of PG receptors and 
their associated signid -transduction mechanising. The 
(i-protein-atknylyl cyclase-cAMP system i* linked 

with some PG receptor* (Smith 1^2). whereas the 
phospholipase C-inositol trisphewpate-ra" system is 
linked with others {Mitchell and Traulman I99J). This 
area was reviewed by Campbell (|W0), and Table 21. t 
summarizes some of the Pfi receptor types and (heir 
affiliated receptor mechanisms. Allbuugh antagonists 
for PG reeuplors are under intense investigation, mhi- 
bilicm of hmsynlhciic enzymes in the ekosuoid Cas¬ 
cades (Figs. 21.4 and 21.5) is the most viable therapeu¬ 
tic mediiulism for altering eicosanoid uctnnis. 


Clinical Aspects. Bell a al. f 19HU) compiled lengthy 
lists of possible Eberapcutk uses of differcnl member* 
of l lie PG group in vclerinajy medicine. DLslhJlt* that 
were listed as pCHCnliallly rcHponsive to PC i or lo ami- 
PG IreatnleiiL varied from sudi diverse disorders a* 
^uiric bmimtis and feline cardinuiynpathic* to para¬ 
lytic ileus and porcine psific ulceration. Use of PG in 
treating such pathof)hysioLo|ic steie^ may well prove lo 
have clinical value in the future. Currency, pharniBco- 
Lognc manipulation of the PG eomptot invuhw mainly 
I he Ciudioviisc ular sy*tem, reproductive functions, anil 
iilfl^imtuition. 


The capability of PGF^ iind s-ynLbelic milap to 
influence reprottiwiive peifoniunce represents the mod. 
important clinical application of PG compound* in vi*i- 
eriruuy medicine. Use of aspirin-like cyckxixygem^e 
inhibitors tor analges ic, ant i-in flam naatory, mui 
antipyretic effects is discusMjd. elsewhere in this volume. 
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pathways in 

-^Cla&dfkalbn of some tkraunold receptors anil their nflUiftied sigiml-transdiicEion 

vMVL'uliir smiRiih musdc kind plutelefis 

Recqpww type 

Endtigemui agfmivi 

Transduction. mechanism 

Vascular etTect 

Platelet aggrvgutiiifi 

DP 

p£hx 

CAMP 


Inhihil 

BP, 

PGE-,: PGF. 

IP-Ca^ 

VEwwonatrid 

— 

EP, 

fCOL FOE, 

CAMP 

YasodilUe 

Inhibit 

FP 

PGF. D 


Vnsoeonstricl 

— 

IP 

PGL; PGE 

cAMP 

ViJMsdilalif 

Irihifart 

TP 

Tjt\ PfSH, 

Wf&r 

Vasocoiucrkt 

Enhfiiice 


Entires! ("jinphell 14411; Smith 1492 ; Mik lbcll uikJ I'rjulntdiL 1943. 

Note; P * pmslygliinditu cAMP ■ the Gjpmlem-iKtoiyLyl cyeta«E«eAMP protein Linaw A pathway EPfO*" = iln. plimphu- 
hpuM* C- 1 l J ,-diu^glyaml-proirin kina« C-Ca* 1 pathway The — designates unltnown or wncHiBlitction and wodflatiwi 
depending oi tissues. cAMP = cyclic adenosine inoflopliofphilc. 


Phannacologic rreuiipuialiOTi irf Lhc PG Mysk'in also 
has application in treating nr preventing; disorders of 
the cardiovascular system, hut such uses are mainly 
experimental; c.g., PC51, tins been used to retard platelet 
aggregation and ftvnonnboembolisin in several system* 
of ex Iraeorpureal circulation such as renal dialysis and 
e;irdiopulmmairy by puss. PGI. and its analogs may also 
become impsmaul in o unrolling thrumhaembalisni in 
the intact circulation. Inlm-artenaL infusions of ihe 
ViLvutl i Unmrs POE. and PGI were reported to increase 
Mood flow, reduce pain, and accelerate healing of 
ulcers m human patients with peripheral vascular dis- 
eiLsc (SroL-yit c! al. 19m 

Platelet cyclooxygeiw^ is more sensitive to the 
inhibitory action ot aspirin than die cyclooxygenase of 
blood vessels. Aspirin irreversibly inhibits cyekwsyge* 
na.se by acetylatmg its active site. Since platelets can¬ 
not synthesize new protein during their snjoum in the 
bloodstream, ihc inhibitory effect of aspirin persists for 
several days, i.e., uniil new platelets. arc produced by 
the bone nuinow. Thus small dwe* of aspirin preferen¬ 
tially inhibit platelet production of the praaggrepting 
TxA, w iihnul marked nduccittrt of vascular production 
of the anli aggregating PGI,. The net result is expressed 
m an untithromholic effect with increased bleeding 
time. Aspirin therefore is an antithrombotic agent used 
for prevention of conditions characterized by excessive 
platelet aggregation. However, large doses also inhibit 
vascular cyclooxygenase, resulting in loss of preferen¬ 
tial block of TxA, synthesis. The clinical application of 
such interrelationships in Animals remains to be dearly 
dellncd. 

PLATELET- ACTIVATING FACTOR- PlatekMip 

veiling factor (PAF) is another xuutaeoid derived from 
membrane phospholipids rich in arachidiwiie acid mid 
other pneunor^ of polyunsaturated fatty acids, and is 
therefore chemically related to the ubiquitous 
eroosamkl family- Whereas the eieosanoids are formed 
from a Witte variety of cell types, PAF is synthesized 
principally by platelets, endothelial cells, and circulat¬ 
ing leukocyte- The wide distribution of these cells 
throughout the hotly ensures PAF the oppmUnlily to 
affect a host of tissue and cellular function*. 


PAF run only provokes platelet; aggregation^ as iis 
name implies, buL it also modulates smooth musck 
activity in blood vessel walls, and promote leakage of 

vascular fluid across endothelial surfaces. Although 

PAF lowers blood pressure due to iis relaxing effect on 
vascular smooth muscle, it markedly contracts smooth 
muscle of the gut. stomach, uterus, and peripheral air¬ 
ways of the lungs. PAF can promote the synthesis and 
release of ihmmhnxane A, and therefore exerts both 
direct and indirect effects on blood pressure, Since 
some of the smooth muscle and pmmflitminalory 
effects of PAF can be presented by cyclooxygenase 
inhibitors, PAF is eons iLlered to he one of the most 
active endogenous activators of prostaglandins and 

related eieosanoids- In this regard, PAP and cydmxxy- 
genase products are commonly activated concomi¬ 
tantly in resptvnsc to inflammatory stimuli such as bac¬ 
terial infection.. This type of cohort relationship is 

exemplified in Fig. 21,6. wherein the response of a 
mammalian cell membrane to bacterial Li popolysaccha¬ 
ride (endotoxin] is schematized. Endotoxin 
lipupolysaccharide iittcvxts with cellular constituents, 
culminating in activation of the cell membrane enzyme 
phospholipase A,. Not only does the litter release 
jrachidonic acid lor ricoHutoid biosynthesis through 
the cyclooxygenase tPig. 21.4) and lipoxygenase path¬ 
ways (Fig. 2l.5h buL this same reaction ah o yields a 
lysopliuspholipid that can be fanned into PAF (Fig. 
Il.tijL Thus, biological roles for PAF arc often linked to 
those exhibited by the eicosanoid family. Despite the 
wealth of physiologic and pathophysiologic activities 
proposed for PAF (Campbell 1990), pharmacologic 
manipulation of PAF synches is and receptors is a! a pre¬ 
liminary stage. The clinical significance of PAF" antag¬ 
onists is currently unknown for vetennary medicine. 

CYTOKINES, In response to certain inflammatory 
and immunologic stimuli, many types of mammalian 
cells produce one or more of a variety of small proteins 
termed cytokines. Cytokines include tumor necrosis 

factor-a (TNF-ffi), gamma interferon, and the inter¬ 
leukins (ID. Currently, monoclonal antibodies, raised 
against these specific proteins represent (lie primary 

pharmncoLhcrjpculic intervention relevant lo Che area 
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of cytokiiHt Howera; lwau« of die likely fuiurc 

importance of eyuikines bn pharmacologic itianagc- 
menl of bacterial invasion and other inflammatory con- 

the following dlClukM briefly summarizes 

key Mpcc d about TNF-a 4 iih 5 the takfteoldu. 

Tumor Necrosis F«lor-ct- The polypeptide cytokine 
TNF-a occupies a pramincnL and perhaps central role 
as proximal mcdialnrof cndcHoxie shock (Tracey cl al. 
1989; Morris ct a[. 1990)- Macrophage* exposed m 

endotoxin and related stimuli release larjze qwinlilirs of 

TNF-a. On rciiehinj 5 the rircuktkn, TNF-a binds 10 

high-affinity receptors in nurmal [issues and Iriggers a 
wide array «F bk4ogk*l dftdt, Ibc bkAliln of flKOlft- 
bii'uiiii TNF-a from human beings can induce leihal 

sHesv’ 1; siniS liMwue injury in a fiti kids, eluxeLv simidalinjj; 

key elements of the pathophysiologic derangements 
characteristic of endoCoscmiu (Tracey el al IfMto: 

Tracey cl id. IWTaJi). 

The p^LKkuL-riLHh aftj release of Lrtlh.-r eytlikfiies, 

eictminoids. and humoral taclors are elicited by TNP- 

a (Fig. 2 1 .7 k In Addition Do iaduction of IL* L IL-4. and 


H>6 synches^ odw biokficil activities attri buted id 
TNF- n include T-ceLt active ion, cndagHWOf pyrogen 
activity. induction of eicosanoid synthesis, activation of 
octndutk bu-iK" resorption. InbMlhn of hone mJIsi- 
gen syuihesis. induction of acute-phae nctant syn¬ 
dics h and gfiLnulucyit/fflonLivyie colony stimulating 
factor, and ioUbftian of lipoprotein lipiiM: and other 
enzymes of lipid metabolism (GrmvficM and Pul lading 
1 990; Heutlcr and Cerami I9H9; Ruvnnhlum and 
Dmaio 19K9JL In neutrophils, TNF-ce stimulate* ocliia- 
tmn. mpiiitOry bunt depramilalumi. and iwlhercm e !■> 
the vascular endothelium. 

Al hw ccmccnLratinfis, TNF-fi l-ht ts Us primary 
eflk’tis IiauIEv AS a paracrine and an Uterine regulaL* ol 

leukocytes and endothelial cells. There actions are crit¬ 
ical fur eHe prtfiljunm^nL id inj-i^rsiHi. f Icnve^er* when 

TNF-n ga ins aCRU In the syikfflK CtTCUlatUMU sigftt 
oF septicemia develop aod high coocanEnlkmi of TNF- 
a can he lethal. CyclcK^ygcrusc inhibitors can bliK'k 

cti£! rapid-urlsel niLH»n|(^li;Lsi^ j^v^r |Ii:l 1 ii liiElgi/cd hy 

I NF-Ci. Lethal etTecLs of endotoxin and TNF-ci can be 
induced under certain cimdiCunks bv the iidminivLrjEioiL 
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FIG. 21,7—Reaction of mucrophiigc id gram-negative bacteria ami cndolosiji ud lepnevemative response* of iissue* bo libera- 
(ion of luinor macros is fuelDim iTNF-dii ami interleukin l,ILi cytokines from irmcraphuges. The following numbered herns 
refer id eMrespofidiiig Jiumbm in liiu fpre: 1 1 1 mueiophuage: rceqgni res and a^similiLes bacteria and CBdkHOHin llipopol>Hjfc. - 
diarstk. LPSkresulting innwerupliageaeLivaflioa ami rckucofcytokinemcdiarors sudi as TNF-a unti IL- \,il) I and li 

lympbck^lL-H: TNI -cc uid LI • I Lnhatttie iraralunaregulftHtfy fuiKiuUts. lyriifihwylfl^ firte.iw ii a und 112, which cm affect 
reiUL'-nspliii^L 1 luiKrtinn in usi autocrine manner; (1) bnne iminxiw: cytokines in ensue iLuktftuicdh: 1.41 nculrupliil# JLlivated try 
TNJ- ix |li enhance jniyraiimi anil xthcsicvi lo vumtuIht endothelium; i5l endnlhdium: TNF-a e nil antes adhesion and mntlu- 


late* release of hypotensive aerate such as enihwhcliiinMlerivcd reUsing foci nr tF-PRFfc (*} wsinafifaiK; TNF if pewmstess 
iMiL'f-iiiiin und wlhi’shin; i7i liver; cyiokjiw* promote synthesis of acute-phase proteins lAPPs; (B) brain: cytokines modulate 
(benrHircgulasory functions. resulting in pyrexia:, Vh ali|ucytK TNF-a ■wdubic?. membalk regulatory cmyrats. yielding 
k'aehexra; unU j lOh rllmihLjcis: eybukinci aihnnoe pfdifiHMMsn and growth. Cy whines ul-o ntoduUie rhe release of other medi- 
fldoifl. such os |ifmiiiglandirks iPGh leukotricfws |LTk and plaicJcc-aciivaiing fsebor iPAFi. iThis figure was nwdekd after the 
ilhisLrutii.H -1 m Old I4HB and wa_> jEraw n hy Dr. Ghc-cHr^he M. C’OUiiiiEmifM.ii. Depaffimril eri Vtififfitfldiy Hkri¥H_dkid Sciences. 

L JnivcTMCy nf Mi ssliixH. IV-lumbta. SuurLL*: tween and A dan is (W2.fr 


of nculrailizing TNF-tir an I i serum (Tracey el a]. 
U^flajb: Shinmm.itn ct al. 39flH). Long-term exposure 
to f'NF-OC results in vachexui. which uvewnLs for its 
synonym* caclmlin. 

InBtTleukin-i, The pnHypcpLide 1L-I hits been leimed 

lyimphDcylc iieiivaring factor, beeause ii esilyflcss T- 

tell resfKinses during anCsgeri ptesenialion. and fmkige- 

iiiMLss pyrogen, btfeau^e ii induces few?. Prxrfyction of 
IL-1 , primarily by nrcnonwtew pha^sxyics (Fig, 21,7k 

is stimulated hy endctcisin,, other macropihage-derived 
cylokine?s such as TNF-a, other niicmtaial product^ 
and anltgens. Although they are sLnRlurally disltott, 
IL-1 performs rminy of the ^itme biotogieal aettvittes a* 

TNF-a (Dinarello 19^5), The principal biotogaeflf 
function of IL- 1 is believed to he mediation of the host 


re span sc in natural immunity: IL-I incemets with anti- 
gen-^limuiaLt^l T cellls Co induce the lulease of IL-2 hy 
T cells and synLhests of JL-2 rec epturs. By direct effect 
on It veils, IL-1 invoke* B<ell a.-iivailoft, prolifer.nion, 
and aniibody synthesis. Natural killer cell arlivity is 
enhanved hy synergism o| IL j l with inlw ! r cytokines 
Arachidoftk acid pnetaKilivisi, secietion of iriflaminn- 
ton proteins, netitnifihil vhernt^Mraclituii. and Libre- 
hLisi pmlircfaiion arc stimuLued by IL-L With TNF « 

.ieid JL-fis H --1 panicipates in the acute-phase response, 
which is charadcrizcd hy lever, hepalie prodiuetion of 
acuie-phase pralcin-s. neutrophilia, prtiecmgulant avtiv- 
ity fe and hyptiferrentiu. LndoLheltal veils, are stimulated 
by 11.-1 to JvynlhcM/e prostaeyctih, pfoCiugohuit auiiv- 
iiy. FAF, and neutrophil ndherenee protein. Evidence 
suggests lhart ll.-l ;uhJ TNF-a interael syncrpiscicully 
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to induce many of the tissue reactions associated with 
endotosjemia. 

Intrrliukin-ft, The plnrephoglycOprotEin 1L-6 is pro¬ 
duced iiiwj secreted by macrophages. moncpcyies, 

fibroblasts. mscuLfif enkAeliil cdl&< T lymphecyies, 

and nuLsi cells i KishimacD I9R9). Cells arc isii mu IliClmJ 
lo produce IL-6 by various inflammatory stimuli, 
induUng IL-] and, in a leaser entente endow* in. TNF- 
«. pbleblrderived pmA fuel or, and viral infection . 
The primary LnfLiinimnhiry action of II.'ft is the indue- 
ikn of hepatic production of acute-phase protei ns (Fig. 
21.7), well as fibrinogen* C-reaciiw protein, serum 
amyloid A, hapioglobin, Fenwida**, Or I-antitrypsin, 
and complevneiih Growth and diflereuii*nion of B cells 

arc enhanced by TI.-6, and 11,-6 serves as a cosEimuU- 
Urof T cells. High concenlradons of IL-6 have been 
measured in serum and body fluids in human beings 

after die udmuitaratiufii of endoioALn, TNF-ct, and IL- 
U and during acute bacterial infection and repsi*. 
Whereas the effects of TNF k and EL-1 may be deiri - 

menUil, 11.-6 appears to he beneficial. Acute-physc 
reactants protect the has I muispecifically iLgainst 
micriXKT^amsTns. and EL-6 dries not cause tissue injury 
and vascular thromhnsis characteristic of endotoxin 
and TNF-«. 

The wide spectrum of bwIngkaJ actions of TNF-rz 
and IL-1 ure illustrated in Fig. 23.7. Despite the weal Lb 
of physiologic activities a sen bed Ed cytofcjjm, the din- 
ical sjgnilleance of their phannuLcologic manipulation 

remains unctetr (Green and Adams 1992V 
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The PuIhuphysiuJugy of 1 nfluiifeiiiMitii ut 

Tbr RjoII t uI Cbnikfl Medium In the 

Inflammatory Response 
Nunsti'midul Aiili-irtiliaitiiiiHhiry Drup 

Chemistry 

Mtdiankm oT Action 
FhftrtnacokkiKti^ 

PtuumiAColafk EfTtcte 

DruK ImiieriiillNiiirs 

Ad verse Reactions 
Aspirin 

PhiTiylhutJizofie 

FlunisJin McghraiH 
(arpmfen 
Naproxen 
Ihupnifen 
Mcriufeinaim ie Acid 

KelopraFen 

Hrad&am 

Indoonethacln 

AcctHiiinitphen 
Treatment of Osteoarthritis 
Orgotdri 

Vnh siiifiii rd c; lyc^Mwmimoglyam 

Ri> aliliiilliL Add 

Dlmel h v Isulfoxtd t 


THE PATHOPHYSIOLOGY OF INFLAMMATION. 

Inflammation fan occur in any \auculari 2 ed tissue in 

the body. The sequelae of inflar mtui ion sure manifested 
as five cardinal ligns: idncu, heal, swelling or edema, 
pain, and loss of fund ion. Vasoconstriction of small 
vessels m Lhe area of injury its Lhe initial vascular 
response in danuigfc Vascular occlusion serves to con¬ 
trol hemorrhage. However, within 5-10 minutes, 
vasodilation and increased vascular permeability of 
small venules occur Leukocytes, platelets, and ery¬ 
throcytes in the injured vessels become “sticky" and 
adhere- to the endoLhelium,. Leakage of cells and of 

plasma-derived protein-rich fluid is followed by 
platelet agpegn,iion and fibrin formation. Initially, the 
predominant cell type infiltrating, damaged tissues is 
the polymorphonuclear leukocyte (PMN>—in part, 
because ii predominates in circulation. As the short¬ 
lived I'M Ns die, macfophiiges become the predominant 


cell type. Hie migration to and concentration of PM Ns 
at the site of injury arc lac dilated by chemical media¬ 
tors LhaL act as chcraotactic agents. As PMNs die. due 
contents of Lhe lysed cells accumulate to form Lhe com¬ 
ponent of inflammatory exudate commonly referred SO 
as pus. 

The Role uf Chemical Mcdhriurs in the rnflamaHl' 
lory Respond 1 . The mediators released do ring tile 
inflammatory process perpetuate the irtflimriatory 
response and are responsible for die cli nical signs auto- 
ciated wish inflammation, including pain it ltd fever . 
(Vhne and Boning 1987), M«liatOfl% of infiammatkifi. 
tTable 22.1 ) are derived from both the cells and the 

fluid which reach die s ite of tissue damage from blood. 
Although 1 here arc quantitative difference* between 

and tissue crMicentratiims of the mediators 
vary, the effect of each mediator and its role in the 
palhnphysiology of inflammalion air predominantly 
lhe same in all spec in. Leukocytes are a nch source of 
a variety of chemical mediators of inllammatiofi {Fig. 
22,1). These cells* as well els cells td other tissues LhaL 
are injured and dying following either the iniLial dam¬ 
age or subsequent inflammation, perpetuate Lhe inlhm- 
malory response. Mediators incluck lysosomal and 
other enzymes, granular mediators such as hisliimirar 
and serotonin, eicocamuds (products of arachidonic 
acid inelabolism: prostaglandins, leukotriunes, and 
related compounds), plate let ^acti voting factor, oxygen 
radicals, and cytokines. Tlie role of -each of these medi¬ 
ator! in the perpotuasion of the influnrniory response 
varies, in part, according to She phase of inflammalinn 

during which the mediator is released. 

Plasma-derived mediators are also important con¬ 
tributors to the inflammatory process, Examples 
include kidiitt te.g., hradykinm), released from their 
precursor form follow ing appropriate physiologic or 
pathologic stimulation; complement and complement- 

derived peptides, released follow ing activation of either 
the classic nr an alternative- pathway: arid flbrinopep- 
tides. relea-wd during Lhe conversion of fibrinogen to 
fibrin during the clotting process and subsequent prote¬ 
olysis of fibrin by plusmin. 

Pharmacological control of inflanamalkm is ori¬ 
ented toward preventing the release of various chem¬ 
ical. or plasma mediators, inhibiting their actions, 
and/of treating pathophysiological responses Id them. 
Drugs useful for modulating: I he activity of chemical 
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TABLE 22,1—MedUlon important (n lhe «btk of inflimmuttan 


MnAifliiv 

Source 

AcLiom 

PtmucDlngk oiodulaAar 

Lytttvomal c&nicnh 

Ptiiigoeylcv 

Vud permeability 

Membrane degradatHni 
i hcnH^elu: IkUms 

Collagen, fibrin, eanilage. *hc. k 
UugruduCkHn 

dwocarticDtih 

Dimelhyl^uM'oude 

thgiimc guhi L'umfKiuibJs 

Hriumirw 

Qmbcyln 

WuxtauioD 

{‘upLllun* pemiu aha City 

AnLihnUinurws i |ku1 iDuiarly Jl 
and powiibly H. hk^Acr^i 

icnBnii 

PUldcb 

V*unJi Irtkmfanitrict n 

Capillary |hrmiL r jlnEiEy 

Pliin 


EkrannUf 

AH culh 

f henmta&iK 

Ohnconkokh 

Prmuglandinv 

I.Lpciaypr 


Vascular pnmwifrUJty 

Yitodi Idiion 

Pain 

NflilcnUfl unii-infhimmuciTy 
drugs 

Ptoidei-dfcLivaiing fueior 

PlMlgh 

PLalelci aggregation 

Chcmotaxis 

Gfcyffci riHfictf pitribctitii 

Gluecctmwnids 

t My gen fMlicah 

Damaged dmn 

DartntfkHi i ;rf a. number cd 

Supcixixide rfiml-e 


LciknEytH 

vcllislna ccwisj^hicnlis, 

particularly lipid dmIhhi. 

VitiJiiurbc H 

AmUc acid 
llimflbylsihircnide 

Xandune MXiildse ihtiibikirs 

Kudu 

Plasma 

VawJi latbun 

Chilly pnonhifiiy 
m 

NorMcemidjil imli-infTamtnfitiTy 

drugs 

( DiupbciiHnil 

PltLsriu* 

Lysis ul tL*lh 

Hislamine lelcav 

Vawular pcmheabilily 

ftekjhe of JysOMjmui conicni.s 

iT'hcnKftiJ.i is 

Gluei pCuflH-Oids 
ilimeCbylsiilfLiDiide 

AnUhi.-itanurH! 

h i tin rtti | xf | H hIc s 

PtflUM 

Enhafuemem ofkrahu 

Wncobr perrneahitiiy 

Clh:nv.H^.\ih 

Non^cenciiHlal unLi-uftmuliify 

r 

dn)fi 


mcdial-nrs derived fmnn cells and pliihma arc summa¬ 
rized in TahLe 22.1. 


NONSTEROIDAL ANTI-INFLAMMATORY 

MDGS 

C hemistry. Although nonsteroidal anti-inJlammatury 
drags fNSAlDs) tlive been variably defined, die term is 
used hen." to describe compounds that an? nut steroidal 
and that suppress inllummahnn. Generally, the classifi¬ 
cation is restricted Co Lhu« drags LhuL inhibit MC cpt 

more Meps in ihe iiunaMism of ncHdomc kU(AA) 

(BoyHm ec a!. I^SJik The NSATFK vary in their abil¬ 
ity to influence inJlammaliori. The mechanism of 
action of some of these drug* is not limited to inhibi¬ 
tion of A A metabolism ftEocfaberg 1989 k 

Aspirin, erne ol' ihe earliesi cotnpODeoti of herbal 
therapy, ih ihe progenitor NS.AID § and tern* uch as 

“aspirin-likc” and "“aspirin and related drugs'" ire eftin- 
monly used to refer lo this group of drugs (Boynton ct 
aJ. 19H8L Structurally. NS AID* can be browly cllfth 
tied into salicylate or carboxylic acid derivatives, 
iocluduit the indoles (indomethauinL proptofbc acids 

(Dworofn and naproxenX f'enamates (mcdoleiuunk 


acid). dxitMtt (pirmicamL « Che pyrazolones w eno- 
lic acids l.pbenylbula/cme and dipyrou) (Boyatofl et al. 

19©)- 

Mvchudisitl of Action. Eicosaiwiids. such as 
prostaglandins and ktlkfltriflKt, Jire 20-carboa -chain 
derivatives of cell membranes. These compound*. are 
■syntbesi/ed when oxygen react! with tlw pnlyunsyuu- 
rated fatty acids nf cell membfane phospholipids 
fFig. 22,1). The BMt important of ibese fatty acids is 
AA. wUch is released unto the cell from ttimugcd cell 
nKfllbnfWL Once inside Lhe cell, AA serves as a 
substrate for enzymes which generate inLcnnecliate 
and end icicosanoidl product (Rg. 22*1)1 (Weiss- 

mumi 1991; D. R. Robinson 1989). CyckMHj- 

gHUKfl (prostaglandin synthase or prostaglandin H 
synllmc ji p located in all cells except, mature red blood 
cells. &\d oxygen to AA. generating unstable prosta¬ 
glandin cndopemxidcs (FtKJ J. Subsequent peroxidase 
reactions ennvcrl PGCi, to PiiH 7? lhe precursor of all 
other prostaglandin-s and thromboxane. The final 
prostaglandin product depend^ on the p ft M Ct of spe¬ 
cific iscuncrasc enzymes clX R. RflUlttM 19R9). While 
all tissues have Lhe capacity to produce cydooxygeutt 
end product*. the ctXKMXFUdM varies with the type 
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TABLE 22 r 2—[V»cs fur uvihIbhhi. rnillpjrrt^ 
a ml anlMnflfunmalorj drugs 


Atoirio 

Com 

lOOruiti PO 12 hr 

Dof* 

10 m ^Tc f PO 1^24 hr 

10 mg/kg PO 2-s hr tendiitefilk) 

10 mp/kf 1:2 hr UMipymili 

J5-3? mgAg PO N io 12 lu (auto- 

LmmiiiUi 1 jiKca^s |i 

25-35 inj.'Ag 24 hr ipruupiTuiLVL 

neubr .-surge rvj 

4H mg'Tcg PO every ti hr tjmli- 

1 j 

3 mgiTtj] every 6dvys (Euvliismbotkii 

Cab 

30 mgAg PO 46 hr 

ifiit'Vg 48 lu* (JilliIhruriltkiLie) 

Carprofan 

JXlK' 

5.^ Iliu/Lu If] 1 5 hr 

Dmwthylmlfoxide 

Hock* 

0J3^gftgfV6-24hr 

90% eel M'daiioii tiwiL'al H--32 hr 

Dipynn 

Pdf* 

25 ruiig LM r SQ (-12 for 

CMm 

10-15 nwAu DC SO 24 hi 

Ftiinxin inusl liirijne 

Cows 

2-2 nigiTsg. Chen 1 Jl. nij^'kg S hr 1 limiC^d 
iiniil^kisi. eflin'tivT PCS inhihilinn) 

Dogi 

0.5-1.0 mgfltg IV 24 hr: l\1 * 1-3 hr 
(wIjhk) 

0.15 ing/kg tV 24 hr x: S days (uveidi) 

Kdnprnlen 

Hursts 

2.2 nig/kg IV 24 flu' 

Dogs 

1.1 mg-k.c [D] IV, PO 24 hr 

03 lifts [QPO 24 hr 

Hmou 

nonet 

lOngfti PO 12 hr 

]XlKH 

l-t niL-ltL'. PO 24-48 hr 

Phrn^ Ihuri.iscffli 1 

Gwi 

10-30 30. iImi 2.5-5.U nt^'Vg 24 hr 

Built 

24 then h vng/k^, 4 .S hr 

How 

4 g/450 kg PO 24 hr 

2 fl/hont mwUnum IV 

15 rng/Vg [V. Ihcrv to Tngflig ac 6 anti 12 hr 

S .8 ui^i'kf mniimuni 

Dop 

10 ragAf PO i-12 hr 

IChll rng/kg IV IlhrljM (0 RCttl 

4 ilow) 

22 PC 3 8 hr(nuC lii acted 3II0 

PlruMen 

Dogs 

0.3 mgiTsg 48 hr 

ML'clutenaihiL' ul'iU 

Cows 

1 mp\t 1V 

IO nig. 1 !.^ inlnnuniiul mr.Ll! -nr 2ll 

mg/kf EM 

AcctEDDopbca 

10 -15 m..o/k.g P06-8 hr 

MvaJuruihiL UL'id 

Ham 

20414) mg iiicrj-ankiiliir (mow equal 
vohm of tyuvtil HuhI) 


Note IV = faDbiwHHH: IM = iiurunwsLuLar. PO = per u 


CililyB [he firfri'uiiitiL nf induciMt provtagl audio*. 

which aft* D «ded only inteimltteolly (William 1996; 
Orta wold lodAdmu l9W;VhneetaL 1998; Faint nod 
Lngelhardi 1996; Cuhmn 1996; Donnelly -iinJ 
Hlttkey 1997). PnKLyil iindan s ihuL mediate infkiumiu- 
iton are un emnfrie. Inflammation is mediated or per¬ 
p etua t ed by induiing vuodllitkia, cbanies in capillary 
permeability, and chemKaxh, ;lII of which can be 
HUWd by bkflatuuiu\ priiMiigliiitdin.v ]“tu:y also 


potentiate Lhc eflten of other chemical mediators of 
iiiflumiriiilicik *iH“h 15 hiMniuuK and briulykinin and aie 
capable uf inducing u. state of hyperalgesia. Although 
specific poinls remain controveniil, [he role of 
prostaglandins in the inflammatory process have been 
doeribed (D. R. Robinson 19891, Prostaglandins 

iS 

C PCjIl il£d modify berth T- and UnadU function. In part 
by inhibition of huerieukin-2 secretion (D, R. Robin¬ 
son vmi 

F.il'li^jihiilIs ]HiCLzn| iciejlLi jilL>r\ to inllapiiriHCiLMi 

and arc particularly important in ihc later sieges (!>, R. 
Robinson 1909). NSAlDs block ihc first atop- of 
prostaglandin synthesis by binding Io and inhibiting 
cyclooxygenase tID. R. Robinson 19H9j_ This acLion is 
boLh d cum; and drug dependent. The precise site at 
which cycLooxyg.cnaAc is inhibiicd is not known, The 
pianar fqnn that characterizes these drugs is thoughL to 
facilitate their binding to cyclooxygenase (Rnyntnn et 
al. ]9KS; Higgins I9B5K Several investigaiors have 
shown that some NS A IDs le.p., phenylhulazonc and 
flunixin meglumine) also reduce formation of 
pmsia gland in F, in inflammatory exudate at ihefu|**:u- 
tic doses tLces et ui. IlSSfi), Tfbc major therapeulic and 
toxic eftecLs of NSAJLK have heen conrluted exten¬ 
sively to tbedf ability to inhibit prostaglandin synllHh 
(D R. Robimot 198931. Their potency as aiiii-influm- 
DULftory agate pehtH Iso llk-ii - relative potency of inhi¬ 
bition off pT^istaglandiii symtheiis tD. R RoNoun 
1989). 

The differential tfllect of NSAlDt on ihc iaofonns f 
cydooxy|euse offers hmh Insigliit as to the differen¬ 
tial ptiannaciilogie and toxic effect of this class of 
drugs. As a clasa. NS AID* appciu to inhibit: bnth COX 

1 and COX 2* The uutmi of drug (wcuary to inhibit 
each off the two informs provides a hub for usdig 
the relative safety and efficacy of each drug. The nitiu- 
nf COX 2 to COX l describes the amount of drug nec¬ 
essary to inhibit the respective Uofonss of die 
cydwxyfeMK enzyme. A Llrug ihiut inhibits rox 2 :d 

a lower conccmriLlion than that necessary to inhihil 
COX | is probably safer since C OX 2 powiaglandins 
(inducible) are inhibited al lower drug Loncenlrulinn* 

Lhun COX I {constitutive) prattglii)diii& A COX 
2/COX I ratio of less than I i which indicates that COX 

2 is inhibited by less drug lhan fX>X 3 ) is desirable 
(Griswold and Adams 1996; Wflttami and DuBois 
!99& Cushman I Wifi; Donndly and Haw key 1997). 
CttpnKfo, HddoliC,. and meloMcum appear Co be 
NSAJLk with a favorable COX 1/CGX L ratio hccauM! 


they preferentially Inhibit COX 2, 

Upoxygtiu» Enzymes located within tells can also 
metabolize AA io inflammatory mediators l Hochborg 
1989; Newcombc 1988). Among these enzymes, 5- 
lipoxygcnasc appears, to be the most important (I>. R. 
Robinson I9V9), This enzyme adds oxygen Lii A A to 
form -hydtnpen>xyeiensatetraenoie acid (HPETE L 
E.eukotriciic (IT) C r LTD^, and L I'F, result trnm addi¬ 
tion of ghrfartiiow to [.'I A. by glutaLhinne-.V-trans- 
fenK. These ire potent mediators oJ inflammatnm, [n 
juddiCiLKii, LTAj can also he convened io LTB 4 , a potent 
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cbenuttacilc agent (D. R, Robinson 1989), 
Leukotrienes and other elected l ipoxygenase pfodali 
modulate lymphocyte function (D. Ft, Robinson 1989). 

Lipoxygenases are not as ubiquiious as prostaglandins 

and lire fouiid predominantly in like lungs, while blond 

cells, platelets. land Liver. Although hpo\ygeiu.w , S. are 
(curried primarily by leukocytes, the end products of 
lipoxygenase activity, Leukoirimes ami lipoxins, are 
also potent medialors of local inflammation (Hochbeig 
19S9). Originally, studies indicated that NSAIDs were 

non capable of inhibiting LcukoUienc synthesis. A 
potential consequence of cydooxygenauw: blockade by 
NSALDs is increased production ol leukotnenes from 

A A. which would Lalfcrwise have been metabolized to 
prostaglandin product fl>. R- RobiiBoin 1989). Aspirin 
hypetsensili'yily is associtAed with the diversion of A A 
from the pnostaglandin to the leukotriene (5-ltpoxyge- 
nase) pathway and the production of mediators that -are 
wore inflammatory than the prssducc.s of prostaglandin 

H synthase (Weissmann L99L). Thus, NSAIDs may 
cause undesirable effects hv augmenting Lcukntricne 
synthesis (D. R. Robinson 19891. More recently, the 
anti-inflammatory efficacy n-J some nf these drugs has 
been ascribed Id Ldfaibilion of lipoxygenases -and thus 
prevention of leukotriene formation (Boynton et ;il_ 

1988), hut their ability to inhibit 5-lipoxygenase lacon- 

troveiniial (D. R.. Robinson 1989). 

Inhibition of cyclooxygenase as the sole anti-inflam¬ 
matory mechanism of action of NSAIDs has recently 
been scrutinized and criticized. These drugs also 
appear to alter cellular and humoral immune responses 
and truly suppress inflarmiuitory iiKdialors- other than 
prostaglandins (Hochberg 1989). Connective tissue 

metabolism may also he effected (Hochbeig 3989), As 
a group, alt NSAIDs are planar and anionic and are 

able to partition into lipid environments, including neu¬ 
trophil cell membranes. As a result, cell membrane vis¬ 
cosity is altered, even at low concentrations tWeiss- 
mann 1991). At higher concentrations, NSAIDs appear 
to uncouple protein-protein interactions within the 

ptusiiiki membrane and thus interfere with a variety of 

■cell membrane processes such as oxidative phrwphory- 
Lai ion and cellular adhesion {Wei^maiin 1991). The 
drugs appear to disrupt the response of inflammatory 
cells lo extracellular signals hy affecting signal-lrans- 
dufetkm proteins (G proteins.11 Weissmann 1991). Thus, 
al low doses, prostaglandin H synthase appears to be 
the target of NSAIDs, whereas membrane-hound sig- 
nal"pPOCes*.iiig complexes appear to tv the target aL 
higher doses (Wtissmaoin 199]). 

Studkl icsing in vitro systems haw shown that 
NSAIDs alter the inflammatory response hy inhihdilng 
tWrlivalicnl of DCUtfCphils and thus the subsequent 

release of inflammatory cellular enzyme* such ns eofl- 
Lagcnase, elasta.ee, hyaluronidase, and others 
(Hochberg 1989.1. NSAIDs interfere with multiple 
aspects of neutrophil function, including adherence. 
Some NSAIDs inhibit several neutrophil functions, 
while other* inhibil lew. The extent of inhibited neu- 
Insphil Ktivnliod vanes with the individual drug. For 


example.. pLroxbeam inhibits both the generation of 
so peroxide ions and the release of lysosomal enzymes, 
whereas ibuprofen does neither (Weissmann 199]), All 


NSAIDs appear to inhibit adhesion. Several NSAIDs, 

including phenylbutazone. twtyphenylbutaiocie, and 


flunixin. inhibrL leukocyte cell movement. Of these 
drug*, flumxin is the most potent inhibitor in vitro al 
concenCmtions achieved in equine pkism.ii and inflam¬ 
matory exudate (Dawson and Sedgwick 1987). 

NSAIDs are also capable of immunomodulafion. 

Several prostaglandins and lenkinfienes are important 
immunomndulalnrs (D. R, Robinson 1989), NSAIDs 
indirectly influence lymphocyte activity through 
altered proskagluntlin fomilluu (Hothberg 1989). Cer¬ 
tain NSAIDs appear to enhance cellular immunity by 

inhibiting pasrstaglaikdin E,. a mediator which dampens 
the immune response (Hochberg 1989). This effect 
appears to be more important in the Lmmun-osuppressedl 
animal. 


NSAIDs have been shown to inhibit proteoglycan 
synthesis in vitro, ami for the salicylates, this is sup¬ 
ported by in vivo studies (Brandi 1991). This effect ha* 
been attributed to inhibition of uridine diphosphaie- 
glytosc dehydrogenase, an enzyme important in pro¬ 
teoglycan synthesis (Brandi 1991). However, 
hyaluronic acid synthesis* which is aIso dependent on 
this enzyme, docs not appear to be affected. The effect 
of NSAIDs on cartilage are controversial,, More recent 
evidence indicates that they may, in fact,, favorably 
modify the metabolism of proteoglycans, collagen, and 
matrix, -and may dcerca.se Lhc release of proteases or 
tom - oxygen metabolites (Brandt IWI) 


ltara»9kllM4k&. The NSAIDs share a number of 
pharmacokinetic properties. As weak acids, the 


lend 1o he well absorbed following oral 
administration. Bioavailability can vary between .ani¬ 
mals- but has not been cslablUhed for many NSAIDs 
because of the lack of iniravenous (IV) preparation* 
(Braler 1988). Food can impair the oral absorption of 

some NSAIDs,. or contribute to drug intersHutions lor 
other* (e.g., phenylbutazone in ihe horse) (Tobin et ul. 

198b; Muri&iff et aL 19881. Solutions of injectable 
preparations le nd to be alkaline and can cmfc*e tiecfwi* 
or pain if pcrivaBoitar leakage occurs, The drugs, arc 
lipid soluble but NiicharKterized hy a small volume of 
distribution (approximately HK-Sj due to binding 10 
scrum albumin, which cun exceed 99% in some 
species. Unbound drug is distributed to extracellular 
fluid. Only a small portion of pharmacidogiLiilly active 
drug readies peripheral tissues. Displacement from 
albumin due Ln competition whti other subtrees for 
binding sites or due to decreased scrum albumin con- 
centratitiiks inftkdly cum result tn higher than expected 
etiiiteniriAiiori.s. of plwmoedoghridly iiciive drug and 
thus predispose the paticfkl CO dnigrinduced adverse 

effects. This uKrease, however, is only wansiem due iti 
increased clearance of unbound drug (BrJcr 1988). 

Clearance of the NSAIDs is variable, differing 

among drugs and species. Differences in 
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are largely respuu.si hit for diffcrerices iii drug 

half-life among anamab tBraicr 1984ft Most NSAIDs 
arc eliminated primarily by Iwpaiic metabolism., Both 

phase 1 ttd phiu IT ivepatic drug-iutibolizioi 

eitzymes sire important. Cun&jugaBed metabolites an; 
prcdomtiuinlly HiminwCed through iIk urine, iillliutigh 
several drugs- undergo ulQHlve CDtcrotKfntlc eircula- 
ikm in nuiik tpecks (f.g„ naproxen and nwflofenaniit 
acid in dogs) 1 (Aitken i\n d Sanford 137Si l^ir some 
drugs, a |hnrinn may ho diniiiLiied uitdiangcd from [ho 
'kidneys by active tubular secretion. Age and specks 
difference! in drug, clearance should lead to caution 
when extrapolating doses from one animal eo another. 

Although most phajmaeotinetie studies measure total, 

rather Lhan unbound, drug, clearance of unbound drug 
is suhtiianiislly less m geriatric patients* whereas -clear¬ 
ance of Im-- in,I drug cIlkss nof d.fFVr, The whone of dfia - 
trihurion of unbound drug in adult animals is half that 
of pediatric patients. Because of these differences in 
NS AID disposition, geriatric and pediatric patients 
may require much smaller doses of (he NSAIDs I Biater 
1984$}. Species differences in the etiminaiion of the 

NSAIDx have been well documented and are responsi¬ 
ble for some of the adverse reaction?* commonly assi> 
dated with Che use of these drugs. Recently, stereose¬ 
lective metabolism has become an additional important 
consideration when extrapolating doses in human 
beings ( Brater lyWBI. 

I p ha iinaccdo^ic KJftcts* The pharmacologic c if eels of 
this class of drugs include analgesia. iuiLipyrexis, and 
control of inflammation. The mechanisms by which 
NSAIDs inhibit (interact with} cydoostygenase are 
responsible, in pan, for the variable anti-inflammatory 
effect lkT the^e drugv Aspirin binds reversibly to [he 
cyclooxygenase activity site on prcntaglajidin H syn- 

duK and then inactivates the tuyvne Irreversibly by 

aedylating a ?rffine residue (Weissmann 1991), The 
effects of aspirin on plscetel activity remain few the life 
of the plateUM because [he platelet apparently cannot 
produce additional thromboxane synthase cn/ymc. In 
cLPiuraM. eadodKttfll cells are able to ayndwia more 
prostacyclin synthase and. are less suscepiiblc to the 
inhibitory effecls of low doses of aspirin tWeissnuinn 
IWf i, In contrut ti> irreversible hinders of cyclooxy¬ 
genase, jbuprofen hinds rcverrihly with cyclooxyge- 
nasc and thus competes with A A. In laboratory animals 
and humane, relative potency hus- been established few 
the NSAIDs: medofenu.ink acid > indunietlnLciii > 
naproxen > phenylbutazone > aspirin lLee and Higgins 
1983), A similar pattern occurs in domestic animals: 
the relative pmency (if Ihe N.S AID* in horses has been 
reported to be llunixin meglumine > meckifcnamic 
aeid > phenylbutazone > naproxen > aspirin (Lae and 
Higgins IIHtSl. However, potency dees not necessarily 
confer therapeutic advantage. Rather, these compounds 
may be equally effective simply by adjusting the dose 
appropriately. 

Along with mhihilion ol' prostaglandins, disruption 
of cellular signaling is responsible for all the pharmu- 


COlogic dTecls of -nil NSAIDs. These effects ire Jose 
■and drug dependent and tire antithronibosK occurring 
■<it the lowest dues; andgeMii and uncipy rests; and con¬ 
trol of infljimniiitkm. whkh occurs iic Lhe highest doses 
tWeissmunn 1991), Although several NSAIDs arc 

characterized by u short plasma eliminatum half-life, 

die clinical response may last for over 24 bom follow¬ 
ing 7i single dose or up Co 72 hours following multiple 
doses Irreversible binding to cyclooxygenase has been 
postulated m an explanation for the discrepancy 

between plasma half-life and biological response (I-ec 
and Higgins I9 SIS 1 Alternatively, prolonged elimina¬ 
tion of NSAIDs from inflammatory exudate compared 
to plum has also been suggested (Lee and Higgins 
1985; Tobin ecal, 1986). 

Drug Internet km sl The NSAIDs can be involved in a 

variety of drug interactions during any phase of drug 
disposition. Displacement of only a small percentage 
of bound drug from albumin can increase the concen¬ 
tration of pharmacologically active drug in tissues. 
Few, if any, adverse reactions resulting from drug dis- 

pbonuul Iwvc been npotedl in pan because the 

increase in pharmaeologieally active drug is only tran¬ 
sient: ckliKKt <of [he unbiiund drug by tnKh (he liver 
and kidneys will increase tUater 196H). Several 
NSAIDs can induce or inhibit drug-metabolizing 
enzymes and Lhu-s the clearance iuid half-life of other 
drugs cleared by the liver (Baler 1 *9HHj. PhenylbuLa- 
zone can both increase and inhibit certain dnig-metati- 
(slizing enzymes, vfatfCU salicylates mcreuse metubo- 
lism (Rater 1988^. Renal etmipetition with other 
organic acids Ilw active renal tubular sccreLion in the 
proximal Lubule has been documented i-or aspirin and 
oLher drugs. 

\clvi*i st! Ri a JbL-[iiin>. All N.SAlDh indi&ce uuIttiflNe 
and potentially liic-thieatening side eflecis. The most 
commonly consumed: NSAJIfc in accidental poisoning 
include ibuprofen. aceLaminophen, aspirin, and 
indomelhacin (Jonnec et al. 1992). The most common 
clinical signs of toxicosis in one study were vomiLing, 
diarrhea, (’NS depressitm, and cinculaiory maniitsta- 
titsns (Jhuih et al_ 1992). The majiwity of adverse reac¬ 
tions reflect the inhibitory effects of NSAIDs on 
prostaglandin activity. In addition, acute intoxication 
by several dings can be fatal. The flufor lOUkklR asso¬ 
ciated with NSAIDs affect Lhe Gl. bCHUtopoietk, ajid 
renal systems., Mballmermt suit efibets i^sLK’iuced 
with u m •-►f N-SAlfK include wtsuikity (Lewis 

I984|, aseptic meniiigriis (Clemmons and Meyers 
1984; Berliner et ah 1985; Syvliaet at. 1988). diarrhea, 
and CNS depression (Jtimftet et al. 1992). 

G.-\STROiNTESTINAl.. Gl damage ls Lhe mo^L common 
and serious side effect of the NSAIDs. Although jwC 
completely undefttood* several nwchudsna have been 
hypothesized (McCormack acid Brune 1987). Gastro¬ 
duodenal erosion and ulceniCiun reflect inhibition of 
prostaglandin b,-mediated bicarbonale and mucus 
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secretioci, qrithelinuion. and blood flow (Chastain 
I9S7JI. Control of gasiric add secretion is consequent^ 1 
decreased as is mucus and Hortniiate Hotihn, 

epUhcliz-alkirt cil Nil: iTLUCdsa, ;liilI iSIuliisjI blond. flow. 

Breakdown of small blond vessels due Lo a deficiency 
of mucus may he the initiating lesion. (Mazue et al. 
1983), Direct irritation by acidic drugs may be impor¬ 
tant (Chustuin 1987). In addition, salicylate* cause 
total damage due to ‘“back-dilTusion" of acid, which 
causes injury lo mucosal cells and submucosal capil¬ 
laries, Impaired platelet activity may raairihrte to 
mucosal bleeding. Oral ulceration has been reported in 
horses receiving oral phenylbutazone flbbln et al. 
1986). There appears to he no chemical characteristic 
ih-al can be used Lo predict ihe likelihood of 01 toxicity 
by a particular NSAID (Chastain 1987; Mazj£ et at. 
1983), Drug* that undergo enterohepatic cireulatkm 

may be associated with a greater incidence of GI upset. 
Treatment for Gl nix icily should include prostaglandin 
(POE| repLacemcnl (i.e., misoprcttlotj and a cytopru- 
lectant such as sucralfate (Collins and Tyler I9H5). 


HfiMATOPOlimc. All NSAtDs ure abte lo impair 
platelet activity due lo impaired th^□mbl>xanL , synthe¬ 
sis. At pharmacologic doses, aspirin selectively and 
irreversibly acetylates a serine residue of a platelet 
cyckwixgeituve (JacksOfli 1987), Tl>e plait let form of 
this enzyme is up to 250 limes more sensitive to acety¬ 
lation by aspirin compared to q^clooxygen*ses I prosta¬ 
cyclin syntha.se> in vascular endothelial cells. Although 
platelet's cannot regenerate mure cyclooxygenase* 
endothelial cells apparently are able to rapidly synthe¬ 
size and replace impaired cyclooxygenase (Jackson 
1987). Platelet aggregation defects caused by aspirin 
can lasl up Go 1 week. In addition lo Ihcir antipLatelet 
effecLs. some NSAlDs (e.g., phenylbutazone) have uImj 
been associated with bone marrow dyscrusias (Marlin 

at al. I! 984; Carlisle et al. 1968; Watson eL al. 1980: 
Markel 1986). 

RtSiAL, Analgesic nephrepulhy is a rdllively com¬ 
mon adverse effect of NSAIDt in liuman beings I Dunn 
el id. 1988). However, it dues not occur as frequently in 
domestic animals, in part because [he drugs arc mu 
used as chronica) I y. lit the kidney; vasodilator} 1 
prostaglandins are protective, ensuring that medullary 

vasodilation add urinary i m l put continue during Males 
of renal a Her in) vasooQfi.strietion, The lo**. of this pro¬ 
tective cfieci becomes important in patients with com- 
pruriiised renal function (Dunn eL al. 1988), Patients 
who are predisposed lo analgesic nephropathy include 
geriatric patients, patients. suffering from cardiac, renal, 
or Uwer divea-ve. patients in hypovolemic stated such as 
shock and dehydration, and patients receiving nephno- 
iKWtK (i.e., ?mnini^g.lyeosides, amphotericin B. or oiher 
aniipms.tajLlandin drugs) or t>q?h reactive (ej., diuret¬ 
ics) drugs. 

Aspirin . Aspirin*, the salicylic acid esler of acetic acid, 

is the prototype of the salteylaie drugs* which include 



sodium salicylic: and bismuth suh&alkylate. In. addi¬ 
tion [l> inhibition! of cyctooxypmse enzyme activity, 
salicylates inhibit the formal ion and release of kinii^, 

stabilize lysLKMimL's, and remove energy necessary fur 
inflammation by uncoupling oxidative phinriphoryIn- 
lion., Aspirin is available m a variety of different prepa- 
niLions, including plain. film coated, buffered, time- 
release. and enteric coated (ablets Capsules and 

also available (Chastain 1987), 

Oral biuHvui lability of aspirin products may vary due 
to differences in dis integral ion. drug formulation, 
stomach contend and gastric pH (Conkm 1988). 
Although buffered aspirin is more voluble than plain 
aspirin* a larger proptwtinn is ronfoed and less rapidly 
absorbed. The amount absorbed of both products is Lhe 
same (Chastain 1987). Aspirin undergoes rapid metab¬ 
olism to> the hydrolyzed active produce, salicylic acid, 

This metaboliie is not as potent an onalgesie or anti- 
Lnllammatiiry drug because of the lews of the acetyl 
group. which is able to acclylale key prole ins (Chastain 
1987). Salicylic acid is between 50 and 70% bound to 
serum albumin among species (Davis and Westfall 
11972). Hypoattwiminemia may result in transient 
increases in plasma drug concern ration s, w ith jlssocL- 
uted adverse effeecs. Distribulion of salicylic acid into 
extracellular fluid is rapid and includes synovial and 
peritoneal fluid, saliva. and milk. Salicylic acid i&diiH- 
inuted by hepatic conjugation with gtucuronide and 
glycine and by renal excretion by glomerular filtration 
and tubular secretion I Davis and Westfall 1972; Short 
et al. 1990), Species differences in lhe biirtransfurma- 
Gion and elimination of salicylate are dramatic. Plasma 
half-lives among species studied range from L0 
(ponies) lu 37.6(cate) hours (Davis and Weslfall 1972), 
Excretion is more rapid in alkaline urine; therefore, ele¬ 
vation of unne pH can be used therapeutically to treat 
acute aspirin intoxication. 

Aspirin is characterized by a wide safety margin in 
most species. The recommended LherapeUiLic range in 
humans is 100-234) Jlg/mL (Beasley and! Buck 19811). 
Toxicity occurs if serum salicylate cooccntralionv 
excised .300 pg/inL; however, analgesia and anti pyre sis 
require concentrations of only 20-30 |ig/mL (Chastain 
1987). Onmrul of inflammation may require conLemiu- 
lions that exceed 50 pg/mL; rheumatoid arthritis in 
human beings requires mncenlratians of about 200 
pg/mL, Althoufh drug concentnuions necessary lo 
achieve an antilhromhfjiic effect have mu teen estul> 
Iisired fur aspirin in animals P small doses are recom¬ 
mended. Toxic (acute> oveoJose is usually manifested 
in depression,. Vunation, hypertbenmia. electrolyLe 
imbalances convulsions, coma, and death. Acute toxo- 
dly includes serious acid-huse disturbances due lo 
uQwupling of oxidative pho^kirylailfli, 1 lypervenio- 
hitiou due to direct slimuLaiion of the respiratory center 
may be folkmd by depression ut high doses. Bleeding 
diftonfan may also be evident (Larson 1963; Chastaia 

1987). Ltose-dcpeudiert hepatatcndcily may ulso occur. 

Oral salicylates such as sulfasalazine have been used 
lo treat chronic iiiHainuialory conditions ol Lhe bowel. 
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Although their iiKcfeuiism -of acticm is unclear. Ihcy 
HUH splitting. uf thg ^Lhihrfld hy ulnic biKieri-u Cck 

yield jiult'apyridine and 5-uminosalkylic add (5-AS A). 

The 5-ASA is notidend c« ► be Lhe active nukty (M. 

G. Robiuni 19*9). Roih ihc nlfifyridliK and the suL- 

fasalazine (up to 23%) arc Absented frum iIk small 
Intestine, hue the nuyorily L»f the 5-ASA remains in the 
4:okvn. That absorbed {approximately H>0r in hufwutt) 
is rapidly acetylased and iiuctivvted by cither the 
colonic mucosa or liver. Newer products corn posed 
principally tff 5-AS A are being invesrigaicd few the 
treatment of chronic inflammatory bowel diseases 
(M G, Robins™ I9»k 

Rim i nants. a life lUjch oral ly btatvai table 170%). sal - 
icy late absorption foUowing artmiirirtralkw of aspirin 

fa ikiw in ninunanti rabvnrpiiLHi half*life of 3 ban) 
(Giogcrich end. 147while d im i ni iw is vay rapid 

|clirtsinaCiLwii hillf-life of 32 minutes) (Gingcrich el al, 
1975). The dm# is distributed to a volume of 0.24 L/kg. 
Thus, compand to Other fi|KCkl r much huger oral 
doses (100 mj 2 /kg) of aspirin must be given tu achieve 
and maintain therapeuticcop ce otr l k M {30pg/mL) in 
the cow. Salicylate eliitliiwticm in goats appears lo be 
rimttar to char in cwt, In bodl species. sulky luric add 
is the sole mctwbnlite detected in mriihr following oral 
cw |V admouBtraithH In cow*, u dgntBcandy larger 

portion of adminisiered lira.# i:-s elimirLued us ih.- 
glycine conjugalL" rather than lls the parent drug. Glu- 
CUfOObfe and sulfiite cu-nju gales are nut deleclabic m 
|04tS lmt COW* (Shut cl ml. 1990k Aspirin has been used 
to (real aeuie mastitis in cowt (Monte 19Mb). 

HORSES. Aspirin is duncteiud by a very shun half- 
life (less, than I liourt in horses, in part because urinary 
pH k basic (Tbhn 1979; Devil and Westfall 1973k 
Effective dcm;s must he very lai^gc and given frequently 
(Fuvglkttan and Bianco 1986), L'n.donged bleeding 

rime iirtd decreased platelet stickiness have been 

r ep ort ed in bones receiving a single onl due (20 

mgilygi iif aspirin. While it may prove clinically useful 
at an aiULlhromfeahc, aspirin jna> [Yoreiitiaie c-pistaMi 
in some training, or exercising hnrses 11.« and Higgins 
1985k Salicylate is a normal coutkiABdof horce urine, 
thus making, it -difficult lo delect therapeutic use fTobin 

1979k 

LXxiS. In dogs, aspirin is distributed to a volume rang¬ 
ing from 0,4 tLktl.fi ] Ag. BlflAYlilability pri»feibly varies 
with the miinufacturpr us well @s prepiifiLlkm and ranges 
from £41 lo 7fi# i Morton and Knotlcnbell I989i_ 
BiouvaiLuhilily of plain, buffered, and enteric coated 
aspirin (25 mg/kg.) don not appear lo vary markedly, 
although plasma salicylate concentrations were most 
variable for the enime cuuled preparation (UpOttlte el 
uL 1986). FoUowiig seven! doKi of 25 mg/kg ;it 12- 
hour intervals, the btotogkaJ half-life of aspirin is 7.5 
hours in dogs. However, ibis time namml to a mean 
of 1 2.2 hours when the daring interval was decreased lo 
H hours t Konturek 1986 k In -another study, Lhe dimiiui- 


Lion half-life of aspirin varied followbg IV injection of 
36-60 mg/kg. ranging from 2,2 to 8.7 hours, Tlte dOK 
necessary Co maintain clinical roniml of various liUlMb 
ncasea in dogs in one study ranged fr-nm 2.1 to Mb ng/kg 
twice daily, resulting in plasma drag coneentriuHtni^ 
ranging from 71 to 2KI p.g/ml_ jJc/.yk 1983). Marked 
individual variability in drug elimination among ani¬ 
mals- suggests that therapeutic drug monitoring may he 
useful to ensure that therapeutic drug eoficcniraiions 
feive been Achieved and Irak; concentrations (>300 

|l|AnL) iure Avoided (Motion and KnotlenbelL I9H9).. 
One study in clinical pUiolt found ihui plasma salicy¬ 
late eonHOtntifiU combated with response (Morton 
and Knottenheli 198-9), When 25 llUg/kg fa administered 
at 8-hour intervals. therapeutic LtinccntraiiLWis can be 
expected Lo he maintained throughout the tinsing i isc-er- 
vul. Gl side elTects of a.spirin in dogs appear to he dose 
and preparation related. Doses nf 25 nig/lg of phuil 
aspirin canned mucosal erosions in 5(frr uf dugs, which 
received plain aspirin, while there was minimal clumjige 
in animals receiving buffered and enteric coated prepu- 
niUuuK tLipuwit/: d al. l9K6y 


Cats* As a phofenS, aspirin is a compound that cals 

glucunmidate poorly i Larson 1963, Yea/y and Swan- 
sutt 1973). Plasma elimination half-life of aspirin ill 
cats is 37.6 hours (Davis et al. 1973k The elimination 
of aspirin may be dose dependent: Lhe half-life m 22-27 
hours following <if 5-12 Wg/kg bul 45 htrars fol¬ 
lowing administration of 25 mg/kg (Hodtag |989k 
No clinical signs of tuiiccHii occurred in one smdy in 
whicli tats were treated with 25 mg/kg every 4S feiurs 

(Yeuy udSwuufl 1973). 


PliL-nylbulkijetine. Pticnylhuiazonc is j wcykK acidic, 

lipophilic N5AED approval by the FDA for use in 

horses and dof>s. Inhibiiion of the A A cflMdf OCCUII 
alter conversicm to reactive inlermcdiiisic m 
pn^sLaglandin H synllmsc and prosiacyclin synthase 
PrnstanoidHtiependent swelling, edema, erythema, and 
associated pain are reduced (Tnbin ei at 1986]. 
Phenyfbtlteiooe has K?en undiud With some attenu- 
atiL’in of fonc of the clinical signs associated with 
Hdokuic shLHu'k in CApcriinizriiaJ moddB> (Mowe et al. 

I9R6; larlirt 1 m al, 1992). 

Bioavui lability fhlUmng kitnfmifbnilfif (1)4) idmii- 
astrution of phenylhula/one is Less than thal lollowing 
oral administralion in most species studied because nf 
precipitation in the neutral pH of muscle i.Williams 

1988; De Bicker et al. 1980; Tt*bin ei aI. 1986), 

Phenylbutazone is mecabtdked by Lhe live-i, wiih kss 
than 2"vir of the drug being excreled as pareiu CLunpomul 
in lhe urine in some $pooet Its major nKtflbolim are 
oxyphenylbutazone, which, is less active than 
phenylbutazone, iind inucLivc y^ydroxyphenylbutu- 

eok Obtain ei yl 1986). Reported uclverv. 1 nedou 

caused hy pfeznylhulazLHVc include bleeding dyscrasias, 
hepampuLhy,, anLl nephropathy (Tobin Cl al. 1986; 
Carlisle cl al 1968; Murray 1985; Tandy and Thorpe 
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Ruminants. PtenyDutazdoe is. absorbed slowly fo|- 

krwmg oral administration in ruminants (mean uhsorp- 
lion IulI i-life bom) and is only approximately 
bimavai liable, although this varies amnng 
(range. 41.9-05.5%}. Peak plasma drug concentration 
following oral administration is 36 ± L9 py/ml. (Do 
H acker et al. ]9KQ) r BinavaiLabilily of phenylbutazone 
following DM administration in cows is 89^ (Williams 
198,8; liberli;iTi.J’ain el al. |9 "Ml Phenylhula/one K 
cleared riiore slowly in ruininaiiils (1.24 ± 0.14 
mUkgfbr) than in htsrses and carnivora, Following a 
single IV administration of 5 mg/kg, phenylbutazone 
fliiiiination bn If-life ranges from 30 to #2 hours (mean 
55 ± 6) (Be Backer el al, 1980). The apparent volume 
of distribution! (total drug SMflflired) is CLQ0 LAg. 
PhenyUbuUiiLnte is 9391 bound Lo plasma proteins in the 
cow, with unbound drag distributing its extracellular 
fluid (Wiliam* 1988; Eberhardson et al. 1979). Fol¬ 
lowing repeated administration. dnig coocenlradon^ in 
milk arc less than 19b of pl asma drug concernxaEinais. 
although tola! drug amHOlralion increases with 
increased plasma drug concentration (Martin el al, 
1984). Tissue binding of phenylbulazone is minimal. 

Dosing onfic daily or every other day has been rec¬ 
ommended in cows in order to achieve and maintain 
plasma drug concentrattons within the Lherapcutic 
range recommended m human beings. (60*90 pg/mL). 
Administration of a single loading due can he used lo 
achieve steady* stale drug coiR-enlrailions rapidly (Dc 
Backer el al. 1980). If am appropnaLe dosing reg i n>en is 
used, peak plasma drug Concentrations of 70 fig/mlL 

can be expected (William^ 1988), In conrirast toluis» 
and dofs, elimination of phenyIbutazone is not dose 
dependent in cows.. In fact, steady -state plasma drug 
roncMEratims following repetitive doss (9 daysi may 
be lower than predicted (Martin et al. I984i r Increased 
elimination probably re Heels an increase in the Fraction 
uf unbound drug, with subsequent distribution into tis¬ 
sues (increased volume of distribution), The induction 
of hepatic drag-metabolizing enzymes is- also likely lo 
be responsible for the decreiLsc i. Martin eL al. I9B4). 
Phenylhutocmc has been assoeiiiicd with decrest^d 
peripheral leukocyte cmirn and sown bilirubin in cows 
(Martin cl at, 19K4), Phenylbutazone is iceonfimcndcd 

in cows for long-tenm analgesia a ail m control iciflam 
rnation associated wilh arthritis, spondylitis, and 
lainmills (Williams ]9H8) r 

Horses. Phenylbutazone is approved for use in 
horses ns an oral tablet. pustc, or gel or as an IV prepa¬ 
ration. As in other species, hcxavailahility nf pheny Ibii- 
lii/mic 1 in horss is ks lolloping IM. compared to oral., 
administration Biouvailability varies wiLb drug prepa¬ 
ration and! pr\>ducc and fending subeditk ('liihui el al. 

1986; Maiihn et al B I9N6) P Among oral preparations* 

pa*4e preparations are more hinavailable than powder 
(Tobin et ill. 19861. Rood reduces both peak plasma, 
drug concentration and lime lo reach peak ctmeenlra- 
lion (Tobin et al . 1986: Munaiff et il. IW8). Adsorption 
of (he drug on hay in the Gl tract eonfri holes to 


decreased hioivailabilicy and delayed absorption. In 
Welsh ponies. mean time to peak plasma drug concen¬ 
tration was 13 hours, in animals ted before and alter 
dosing compared lo 1.3-5.8 hours, in fasted animals 
(Mailbo et all. 1986), Drug Adsorbed lo hay is subse¬ 
quently released by fermentative processes in the colon 
and cecum andean cause a second peak in plasma drug 
concentration (Maitho el aL 1986). UIceraLiun of Lhe 

cecum and colon may occur. 

In horses, 96-99% of phenylFwilazofuc in plasma is 

bound lo plasma proteins (Tohin et al. 1996), Unbound 
drug is distributed io a volume of 0,25 1 Ag. After IV 
iidmmisinitiiin, elimination half-life ranges from 3 to 
10 hours and appears to he dette dependent, although 
apparently not within therapeutic concentrations 
(Tobin el al. 1986). Mean residence time is ],7 hours 
(Mealey et al. I99T). Phenylbutazone is eliminated by 
hepatic metabolism, with less than 1 % of the ilrug 
being excreted in Che urine as lhe parent compound 
(Tobin cl al. 1986). Clearance of phenylbutazone may 
be inlluenced by age. being twice as Fast in 3-year-cdd 
ponla as ill 8- to 10-year-old ponies.('Tohin el al. 1986; 
TrauhctaJ. 1983). 

Alihough inerting urinary pH up to 8.5 increases 
the concern ration of pareru compound and selected 
metaboliies (most vutaMy oiyphn^lbijumtl in the 
urine. plasma drag coneeiuraiion and eliminacioo half- 
life are not affected (Tobin et. ill. 1986). Approximately 
77 eliminaiion half-lives, or up to 26 days, must -elapse 
in horses before 99% of a dose of phenylbotttAhie is 
eliminated. Although plaHnuLeiiinccntraiions apparomly 
are not affected by urinary pH (little of the parent drug 
ls eliminated in urinek the deteelion of the drug in 
urine can be enhanced by increasing urinary pH. As 
urinary pH increases, the atmuani of phenylbulazoiie 
and its metab<diles in urine also increases. Depending 
on the sentitivLly of Lhe assay used for detection, Lhe 
drug can still he detected in urine 24-96 hours follow¬ 
ing a dose. Detection time CM be |irnhuiged as much as 



PlKfryltwiaiMW is dwaclcrised by ii narrow Lhera- 
peutic indei in horses. The recommended therapeutic 
concentration of phenylbutazone in horses is 5-20 
pg/iltL. which is much lower than the conccnLnaticm 
recommended in humans (90-150 pg/mL), This may 
reflect lower plasma protein binding and thus a greater 
proportion of active drug in burses (Lee and Higgins 

1985) . Altemativcly. Lhe drug may persist Linger in 
cntrtdfliEiwc 4issue than in plasma, which may explain 
pmliiiiigvd dfCitt) despite suhlherapcuLic plasma drug 

cooceotialkni fTobin et aJ, 1986k 

Drag jeeunuikijLHi nmmuls with longer 

drug half-life |o drag-induced toxicity. In general, im- 
icity seems most likely when manufacturer'* gucont- 
mended doses are exceeded. Although oral admin imita¬ 
tion iMy i ncrease Lhe Likelihood of Gt tux icily; legions 
4lsn occur follow irig fV adinmisLratiafi flobin cl al. 

1986) . In one study, hOTS&S tac^ivirig 8-14 nigAg lor 7- 
14 days showed evidence of tonicity, with 3 of 8 burses 
dying (Tobin eL al. 1986). In a more recent study,, 
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phenylbutazone w*s compared with ewh other N'SAlfts 

(Hunixiffl meglumine and ketuprofen) mid was died as 
the mod potentially t«i£, causing (31 ulceration in 
hursts trealed with 4.4 mg/kg; phcnylhuteznnc IV every 
H hours for 1.3 days (MkAIIiAtcI al. 1993), Ponies 
may be marc susceptible Id tDiiciiy than hor^ (Tobin 
H ill. 1W6). Lesions predominate in the til tract and 

range from sbillw croskHkE to nuulve utettkw of 
the fwini iiml coloa RetuI pupillary neemb has also 
been reported. Enisial signs Lif Cf toxldly iuclude Lnup- 
pelence* depression. and weight loss. With impression* 
classic signs. of hypovolemic shock occur Ihucity can 
occur weeks -niter drug administration has diseontin- 
ued. Dnwd serum total protein imndflfy to pro¬ 
tein-losing entempaihy appears (p be the most sensitive 
indicator of toxicity t Tobin et al. 1986). Some clinical 
evidence of Tenal disease may also occur (Tobin cl al. 
1M6). One study also documented neutropenia, banc 
marrow suppression, and a toxic left shirt in Hcwkb 
receiving large doses of phenylbutazone (Murray 
I9K5). Necntteidg phleblllfi occurs ui portal veins fob 
lowing oral ;uJriiini^lnit:iiU«i mid in jugular veins follow¬ 
ing. IV adnurirtrallan. Flinlly, doc study provided evi¬ 
dence chat phaylbtaUzniK can produce a 
dusc-LlepcikJent Ihepatoin*. icily in Iwirse^ (.Tobin el ab 

1986). Despite its relatively low safety margin, 
phethylbistaxoike Rtuaim the moot widely used drug for 
Lhe ire-in incut of iisieofiohriiic and oftlcopofotic cuiidi B 
tiara Large IV doses are necessary fur treatment of 
equine colic (Lee and Higgins 3985L 

Donkeys. Hwaylbutaxcine has been studied hi don¬ 
keys (Muky et al. 1997), Clearance in donkeyt wu 

greater iiup lo fivefold! than ii bona, and the upjteiii- 
unce of the metaholilc oxyphenhuUizone in scrum was 
more rapid in donkeys ihan in boros, indotillf ihiii 
hepatic mctebolism of phenylhuEawine is more rapid in 
donkeys ihan in horses. During intervals suh^quencly 
may need to be shorter in. donkeys than in horses. 

CATS. Although phenylbutazone h» been used in 
cats, a high incidence of toxicity suggests extreme cjiju- 
iton. In one Study, 100% of cuts Created with 44 mg/kg 
daily became anorectic al 2-3 days, with modality 
at 2«3 weeks. "Toxicity occurs primarily in die I* me 
morrow and is charaeieri zed hy decrwed flythnblas- 
lie activity ind pnss ihk interference with myeloid mat* 

WUjqq.Gl Eoxlcily, nephrotoxicity, and hcpatotoxiciLv 
also occur 1 Carl isle cc at. 19681. 

Despite FDA approval of the oral preparation 
for use in dogs. Lhere ls link infortuukm regarding the 
use of phenylbutazone. Dogs apparenlly are moerr tol¬ 
erant of phenylbutazone than humans are. Toxicity 
manifested as lieniu-rHiage. biliary stasis, and renal fail¬ 
ure has been reported in one ting receiving close to rec¬ 
ommended duses (Dundy and Thorpe 1967). For rea¬ 
sons iua explained, the package iuert aotu u total 
maximum close and requires lhe drug to be (UscMtin- 
ued slowly, 

m 


Flunnk^iu Meglumine* Hums in meglumine is a nico¬ 
tinic acid derivative approved for use in the horse. 
Described as a poiciii iiiuLlgesie ugenl. iC has been used 
io ennirnl pain ihm might otherwise respond only to 
opioid*. Ii ii paniculari y useful for visceral pain. Iil 
addition to its analgesic effects, flunixln meglumine 
has been studied and cited lor its anciendomxk effects 
in experimental models of septic shock in several 
species i Hard ie el al. 1981; Moore el al. I9H6: Temple¬ 
ton el: iiiL 1987; Juriftv et all 1992; Davidson et at 

IW). 


RUMINANTS, Flunixin meglumine elimination lialf* 
life in mm is 8 12 hours, which is gjgniflcully longer 
than ihai reputed in either hones (1.6-2.5 bum) 

(Senirad et al, 1985; Lee and Higgins 1985) m Lings 
(3.67 hours). Flunixin has been used cm treat petite mas¬ 
titis. However, a study comparing phenylbuLL/une and 
flunixin meglumine for treatment of acute mastitis, 
found no differences among treatment pups (Dot* 
Cilrio et al, 1995). Flunixln megulmine acts as an 
antipyretic in cows given rntramammury endotoxin 
(Andenoo <et oL I986ib; larkw ct ul. 1992). Although 
it is not approved Wvs use in cows, flunixin has been 
EtCOfUnendcd for Lreatmenl of ucuK bovine pulmonary 
emphysema in lieu of oorticottcniidE, which often 
cause 3ihs.ni ion. 


HoksbS. Flunixin nughunine is M>A appnived tor 

use in horses following IV or oral pas-tc or granule 
adaunlttstioo. Oral and IM absorption of flunixin 
meglumine is rapid in horses^ with peak plasma drug 

cmcntruKHU occuitiog wiihm 30 dunutes. CJnset of 
action occur* wIbUh 2 hours, with \.\-*\k effect bowed 
2 and ]6 hours, Oral btoovattahility ii approximately 
80% (Scmnd ef al. 11985; Lee and Higgins 1985). 
Elimination does noi appear el> be ds-^se dependent in 

boros. Fallowing IV udmiiiOnticmof0.25-1.1 mg/kg. 

ihe drug is distributed u> a volume of 0.243.3 I ikg and 
i.\ dearcd -al a raic of 0,76*0.98 ml JmiiAj. Drug cun- 

centraLions at the recommended dnse peak ai |.ti 
jig/mL Repnclcd elimination half-life issbnrt. ranging 
from IJ to 2.3 hours (Scmnd ei bJL 1985; Lee and Hig¬ 
gins 1985 } r Ren id cseicikm tppws to contribute sig¬ 
nificantly to eUnriurion of flunixin in boros (Lee ajuJ 
Higgins 198JX 

Toudty to flunixin nKjJurniiK appears to tx 1 rare in 


hnrses. Oral administration at 3 times Ehc recom- 

mended dose for HI days failed cl> induce signs nf tox¬ 
icity in one study (Lee and Higgins. 1985), However, 

hypaprolememia was reported in one Sheiland pony. In 

11 marc: recent study + Gl DlccratiDafenHoon acouirad in 
80% erf bona receiving 1.1 n]g«^kg LV evoy N hpqn for 

12 -days (Mac AI lifter et al. 1993}. While mote potent 
shim phenylhutiL/.one in an experimental model of 
equme pain, impnned efficacy was not demonstraled. 
However, in 3uwther study, flunixin improved lameness 

In horses by 55% and swelling by 34% compared to 
52% and 23%, rvN|K"cti^ely. for phenylbutazone iTi4?in 
1979). The wider maegin of safety for flunixln mm* 
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pared lo phgqflbuliznne may justify the former affi the 
preferred museuilLT&kdelal anti-inJlaJimiatury (Lee and 
Higgins 198-5), The dural]cm of response that charac- 
leri/es fluru^in muy he an additional advantage. Onset 
of efficacy is rapid. Although peak response muy lake 
g.4 long as 1 2 hours after (he dose, duration of cffet l is 

up Lo 30 hours (Tabid 1979). Although the mode of 
action has uo< bttii doainwnfcd- flunixit* is specifically 
recurmiwnided us m analgesic in the treatment of colic. 
Il also appears useful for the treatment (and especially 
pretre&Jment) of endotoxic shock (Lee and Higgins 
1985 k It prevents many of the adverse elTecLs caused 
by administration of endotosdn, ihfdmbouine A ,, and 
prosiaglandin LiHardie et aJ. 1985). 


Ekwis. Following an IV Atm of LI mg/kg in healthy 

dogs, die elLminalaon hall-life of Eliniiiiu meglumine is 
3.67 ± Ll hours- and its clearance is QL064 ± ft.OL 


IJbr/kp. Its volume of distribution is I).I8± 0.08 L'kg 
(Hardic ct at 1985). Mumxin meglumine Appears to 
modnliiie response to septic shock in dogs l Hal die ei aJ. 
1983; Davidson el al. 1992; MoKelldf d ul. 3989). In 
dings, a dose pf LI mg/kg tlunixin meglumine blocks 
pmstngtandin l 2 prediction.. and 2.2 mg/kg improves 
survival limes of septic LUigs (Hardic ct al. 1985). The 
pharmacokinetics of flunixm in septic dogs dues nut 
appear to ddt'er froni that of control dogs I Handle eC ;l|, 
L9H3). Toxic hy r nius-t commonly manifested as 01 
up-set iiuiils use of this drug in dngs to 2-3 days. Doses 

al 3-5 times thai recommended caused 01 dkinrbiLnces 


in one study, Tlhufias et al. (1997) have dineumciiled 
that phenylbutazone can he detected in the urine of 
greyhounds following: topical administration In a com¬ 
mercially available cream. 

Carpnifen. C arprofen is approved tor use in d lvcs in 
the US and both dogs and cats an selected counln.es 
outside (he US. The mechanism of action l&I this 


NSAID appears lo invoke specific inhibition of COX 
2. The physiologic or protective actions of prosm- 
glandim* appear Lo be minimally inhibited wilh no loss 
of anti-infiamnnaEury efficacy. Other proposed mecha¬ 
nisms of oiirprofeai include inhibition of phospholipase 
and Impaired release of AA. Like other NSA1D*. 
curpmfen is. highly protein hound. Carprofcn is. metab¬ 
olized by the liver and in dogs is characterized by a 
half-life of 10 hours. Carproten is equally or more 
effective than most other NSAJLK siudied in Lire con¬ 
trol of inflammation and presumably the pain asswi- 
aled with inttammaliun of osletrarthrilis. Its safely 

supported by the lack of Gl side effects in dogs dosed 
with more flhan 10 times the dtp# necessary to achieve 
Iherapeulic onneeniralions. A clinical trial of 7U dugs- 
found thdii 6 of 36 carprofcn-trcated dogs devetoped 
clinical signs indicative of (il upset: 3 placebo dogs 
also developed Gl signs (Vasseur et al. 1995), 
Cajprufen is approved ftfcr use lit the ueatmertt of 
ostewarthulls in dugs (Vismut el ul. 1995). Effects of 
earpofen on canilitge synthesis appear to be concen¬ 
tration dependent. Al lower concentrations (<I0 


(ig/mL), in vitro studies reveal no inhi hiioiy effects of 
eurpriifen cm cartilage synthesis and an increase in 
polysulfatod glycoMminoglygan (GAG) synthesis. 
However* at 10 jag/mL, earpAifcn inhibited GAG and 
protein synthesis (Benton Cl «L 1997). Coneentral ions 
lh;il occur in dog synovial fluid following adminislra- 
tion of a therapeutic dose of carprofcn have not been 
determined. Thus, the must likely effect of carproten. 
on cartilage is not apparent. 

.Since carprolenfs release in 1999, Gl upset lypieaJ of 



has Ik-lti re pained i n a number of dogs. 
Although the drag still is among the safest of the 
NS A IDs used in dogs, precautions must still be dis¬ 
cussed with owners when contemplating the use of this 
drug in dogs. Hcpatotoxicity reflecting acute hepatic 
necrosis has heen re puled as an unexpected adverse 
effect of caiprofen in dog* (MacPhui ct al. 1998), 
Although death has occurred in some animals, disom- 

liijUialitm of the drug can Lead to complete resolution of 
bkxheinieal abnormalities. Animals with liver disease 


in one study also had evidence of renal tubular disease 
(MacPhail et al. 1998). In addition, acute hepatopathy 

(perhaps idwisyficrAtic) h» been described in a number 
of dogj receiving ihe drug. Older dogs appear to be pre¬ 
disposed. as might animals receiving drugs chat induce 
drag-metabolizing enzyme* (e^. phennharhital l 
Carprofen has been \ludied in cats and is character¬ 
ized by a small volume of dislrihulion hut Jong hall- 
life. Cats, like humans, do not appe-iu to benefit fum* 
the same level of safety of carprufen as do dr*gs, and 


carprofcn should be used only slu.ul term in cats. 

Carprulen is such an effective analgesic dial it sJmws 
putcnlial fur control of postoperative pain I, La sue lies et 
al. 1995). Carpnifen appears to be an effective postop¬ 
erative analgesic m cats (4 mg/kg SC) iBaJiner el al. 
l c .k?H) and dogs (Wekh eL iL 1997) when admin isteted 
short term preopenitively. 

A number of studies with carprofcn have been per¬ 
formed in large animal*. A tissue cage model of inflam- 
niation in calves derskmPirated that carprol'en was 
effective Flu control l> 1' intlammalion (Lees el al. 19%). 


Naproxen 

Hqrsbs. N a proven is FDA approved lor use in horses 
as an oral granular prefsaration. As a granule, naproxen 
is appmvLmately 509b hiusivaihibk' in horses iF'asargik- 
Han and Blancu 1986). Peak plasma drug concertra^ 

lions of 25 pgyml. i mth :ur 2«3 huunv following iMhiiiiik- 
Iraiiiin ^«r II! nr k/ Miniin.it :!mi half-lire livm plasma 

is 46 hour* iTobin 19791. Easly dcceelcd in urine. Ihe 
approximate half-life uf naproxen and its major 
metabolite is b hunrs. in urine (Tobin 1979). The; drug 
appears to have a relatively wide margin uf safety nn 
horses. Toxicity dess nert occur following cktuI adminis¬ 
tration of 3 ihm* the recommended dtr^e for 6 wcofcs 

(Lee and Higgins I9R5). Naproxon was proved more 
eflicadous than eitlwr pbeir) a lbgiiron« or placebo fiu 

i he treat m cnl of e\penmen Lilly induced myositis (Lee 
and Higgins 1985; Tobin 1979). The drug appears to be 
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pflrtKubriy efficacb^ for the tnanmeim of soft tissue 
ifttlumivhiiion. 

DOGS, lit dogs, naproxen is rapidly absorbed follow¬ 
ing oral administration. with maximal. plasma drug 

concentraiioni& occurring, at 0.5-3 hour*. Bioavtilabih 
ity ranges from fitf to 100%, Naproxen is 99% hound 

to scrum prole ins in dogs, resulting In a volume nfdis- 
iribution of 0.13 Ukg. Total body dearanoe is, 0.021 
mg/kg/min. Notably* compared to 12-15 hours in 
humans and 5 hours in liorsts, the elimination half-life 
of naprown lollwing IV administration in dop 
ranges from 45 Bo 92 hours (Frey and Midi 1981). 
Btlcosive enl cm hepatic cireulaLinni has been credited 
as the cause lor prolonged elimination in dogs. 

Because of its king half-life, naprosen need only be 

given once daily in dop, and a loading doNC is indi- 
rated. The dug. has been described as the animal most 
sensitive to naproxen (Frey and Rich 19#I), G! toxic¬ 
ity occurs at doses of 5 mg/kg daily. Bleeding and G1 
tosidlies have been reported. Toxicity appears most 

Hikdy when plasma drug concentrations exceed 50 

|lg/mL, Bleeding dyscrasias have also been reported in 
slogs receiving large doses of naproxen ( Frey and Kieh 

1981; Roud$buA arid Morae 194th G feller and San¬ 
dora 1991). 

Ihupnifrii. Ibuprofcn is a propionic acid dflivirve 
which lias been used in dogs, Dbuprofen fa less effective 

UN an itfUilgtrsie CnpripjmaJ lo :ispi rill, peri taps due tO dif¬ 
ferences in binding of cyehToxygena^ (reversible for 
ihuprofen and irreversible for aspirin). Ihuprofen is a 

popular diui in human medicine because its use fa 

associated with a low incidence of Li] side ell eels. 

However, Gl wwions c«sistenily occur in dogs 

receiving therapeutic iime* lor 2-6 weeks, 

[buprofen is rapidly absorbed following oral admin- 
isiraciugi in dogs, w ith peak plasma drug CWCenlfafliurts 
occurring between 0.5 and 3 hours and hioavuiluhilny 
ranging from t£) to K00r [mean, 77^), Volume of dis¬ 
tribution is 0.164 IJkg~ Plasma eHrttinttioti half-life 
following oral or IV administration fa 4,6 ± (1.8 hours, 
and clearance is 0.49 mL/min/kg, PharmacokineEles are 

similar at closes of 5 and 10 nng/kg (Scheirkl and l-rey 
1987). However, a dose of 12-15 mg/kg is necessary to 
achieve ihcrapeulic etmeeuBralions as reporled m 
humans (Sdterkl and Frey 1987). Following repeliiive 
administration of this Lto*e B plasma druy eoncentraiions 
decreiLse despite no change in drug half-life (.Seherkl 
and Frey 1987). 

Vdmilion commonly occurs following H-fi days fol¬ 
lowing ihuprofen therapy in dogs with either the gela¬ 
tin or enteric cmded capsules (Scherkl and Frey 1987), 
Gl inflammation ami gastric erosions have been docu¬ 
mented following administration of 8 mg/kg daily 
despite the lack of elinieal *ign& of toxicity (Scherkl 

and Frey 1987). Because gastric lesions occur at doses 
less Lhan those necessary Bo achieve therapeutic con- 
central ions, ibupmlcn is not recommended (dr use in 
dogs. 


Mcvlufemim ik~ Add 

Ruminants. Mixlofcnaniaie is an aiuhramlie NS AID 
available as a palatable granular preparation intended 
bo he mixed with Focsd. Among the NSAIDs, it is noted 

for its slow onseL of action. Sodium meelofenamaie,, 
which is more water soluble Lhan meclofemunic aeid B 
has been Studied in calves, Foil owing oral administra¬ 
tion of 2 mg/kg, peak plasma conceniratiuns of 0.54- 
1.43 jj.fi/ml. occurred at 0.5 hours. Decline in plasma 

drug curtceiiCralions is followed by a second (and, in 

some animals, higher) peak at 4-6 hours. The second 
peak likely reflects citterohepalic eirculaikm. Plasma 
half-ljfe after the second peak is 4 hours. A similar pat¬ 
tern occurs follow ing IV injKiian. although peak con- 
Generations are appr-uxiiimicly 10 times liiglKT. Slower 
absorption m calves following mlranimuuLl administra¬ 
tion suggesis ihat oral admiimiruLkin is dwirarteiiEcd 

by passage directly into the abomasum (Aiiken and 
Sanford 1975). 


Horses. Link infomiuiion regarding the safety and 
clinical efficacy is available for the use of meclofe- 
namsc add in horses. There appears to be a narrow 
therapeutic w indow, and strict adherence to- the manu¬ 
facturer's recommended during regimen is indicated 
(Lee and Higgins 1985). Decreased plasma protein 
cone encrai ion ha* been documented foUowing 10 days 
of 2.2 mg/lg in ponies., ah hough no advert effects 
were doeumcnicd following over 2 months of ^dmiflia- 
Lratiim in s-Utl lions and mare> (Lee imd Higgins 1985), 
Symptonns of toxicovis. when they occur, are similar to 
those induced by phenylbula/onc. Despite a plasma 
clniBinalioi! half-life of 2,5 hiNiirs. once-U-diiLy dicing is 
sufficient for the ircamtLiil of acute and chronic i ntljuni- 

matory conditions in horses- Although peak plasma 

drug: concentrations of E pu/ml. arc attained within 0.5- 

4 hours following oral administration of meclofenamic 

acid, nnsel of action iv slow; requiring 36-96 hours. 
ITius, clinical dlkacy requires Z-l days of dnsing (Lee 
and Higpins 1985). L^ess than 15% of the drug \s elim¬ 
inated in the urine, suggesting that elimination In che 
bile may be imporianc (Tobin 1979). However, the drug 
is detectable in unne fur up to 96 hemrv (Tobin 1979). 
Clinical experience ^ugge».L I hut this drug is p;ir1icu- 

Ififly uficciivc for the ireiumetit of acute and chronie 
laniinltM and skekial conditions (Lee and Higgins 
1985). One clinical trial reported a 78% response rate 
m cases with navicular disease, 76% in cases with 
iiminlus, and 61% in coses with asleoaithriLis (Tobin 



KeMprufen. Kciuptofen is a propionic acid N'SAID 
appms'-cd for use in humatis and horses. Because keio- 
profen is. a strong inhihitof of cyclooxygenase- it has 
p4 iwcrful aiUirinflammati^iy, analgesic, and antipyretic 

properties. In human patients suffering from rheuma¬ 
toid arthritis, keloprufen has been shown to be as effi¬ 
cacious as aspirin, naprtmen, indomethadn. itHipmten. 

diclofenac, and piroxicam l Avouac acid Teule 1988). 
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Similar icsulb ocoiid in ram patents receiving 

either aspirin-eodcjwc comfeinffllioifi or kcioprnfen 
(S4ambo«gh aod Drew 19*8), in control of posjnpmi- 

live pjnn. ketopruifen has proven as effective ;i* penta- 
/LH.HIL- and meperidine C Avuujl and Teule 1988 1 mid as 
effective 2 \ tmil longer lasting than occlaminnphen- 
codeint combinations (Turek and Baird 1988). 

Although rtoi firmly eMablidred. die efficacy of kelo- 
profen lias also been attributed to its ability to inhibit 

some lipOTygePli&es and thus formation of leukiiuiene* 

(Wi I loams and Upton 1988), Ketoprofeo is also a pow¬ 
erful inhibitor of bradykinin iWilliams and Upton 
1988). 

K^opnfcn lis- rapidly absorbed from the Gl tract. 
Although peak plasma drug concentrations are lower in 

dogs following or ill, compared lo IV. adnunisuaiion,, 
mean residence rimes (4J9 vs. 3.81 hours, re*ptc- 
lively) ft«K very similar (Schmitt and Guenterl 1990). 

Although peak drug CLMiKciilTulions rnav be decreased. 

bioav4i i labi lily does nor seem to be impaired by food. 
As v. ilia other NS A IDs. keloprofen is approx i male ly 
99*.s protein bound, principally lo albumin. Eli mini* 
linn is via metabolism to inactive metabolite*. hy the 
liver and excretion as the glucuronidc conjugate in. the 
urine (William* and Upton 1988). Drug: interaction* 
involving kelopnd'en have- not ytl been documented 

(Cnillefeau 19m 

About .Wr of the human patients bodied reported 

advwie reactions to fceloprofen (Beaver 19*8; Stum- 
bough and Drew 19*8). The most frequent complaint 
was upper fit upset. Ocher commonly encountered side 
effect* were CN5 reaction*, such as headaches and 

dizziness, and nephritis. Side effects were severe 
enough in one report that iherapy was discontinued in 
approximately 13% of patients (Cailleteau 1988). In a 
com pari .son of phenylhuta/one. flunixin meglumine, 
jnd kclcsprofeij in horses, ketoprofen was determined In 
be the least potentially toxic of the drug*, although all 
three drugs were administered at doses shut exceeded 
those reeummended on the drug labels (Mac Al lister et 
ak 1993), Anorem, evident with the other two drugs, 
did non ostein in horses receiving kclivprofan. EffUfikms 
or ulcers of the and of both glandular and non- 

glaadiLliir portion* of the sisytmudi occurred in nil burses 
receiving kenoproten. Alternative preparations such a* 
rectal supp^itoric*, have been formuLaled lor kelopro- 
fen to reduce the incidence of Cil covicily (Schmitt and 
Guenlert 1.990). Ketoprofcn is approved for IV use in 
bom-s and is currently being considered Ibr approval 
for use in Jog*. 

Piroxkum. Piroxiearh is afl Otfdeam NSAJD approved 
for use in humans that hu been ued to treat 
osteoarthritis in dogs. More recent ly. it has received 
attention for its ability to reduce she size of tumors 

(transitional eel I tumor* and ojhcfs) in ting* (Knapp el 
al. 1992). This latter effect may result from 
iinmumimodulation, hut more likely il results from 
decreased! irtflifflJlflttitin at the tumor site. Piroxieam is 
j potent j Hi :nll;umnutmy in iiiuscuk^kL'k'lul C until i- 


tions. Oral absorption is rapid, wiLh IflO^t biutivailabil¬ 
ity tCialbniiLh and Me (Cellar 1991). Distributed to u vol¬ 
ume of 0.34 I Ag. its half-life of 40-45 hour* in dogs ■* 
similar to dial in human*. Although I he LD W of piroxi- 

cam is greater chan 700 mg/kg in dogs, gastric lesions 
and renal papillary necrosis have occurred in dogs 
receiving I mg/kg daily (Galbraith inri McKelku I WI; 

Knapp et iil. 1992b However, Ifnle evidence of miciiy 

(Gl Lff bleeding) wu* noted after udministratioii of (1.3 
mg/kg every oilier day (Galbraith and McKclIar 1 WI; 
Knapp et 41 1. 1992c Extrapolation from use in humans 
to dog* should be done cautiously because of possible 
differences in volume of distribution, therapeutic con- 
centra tints, or safely margin. 

Indumvlhacin. Indnmethacin is □ NS AID that was 

developed specifically to abate the irnlammalory 

response to the indolsc hormones serotonin and trypto¬ 
phan (Boynton et al. 1988). A$ a powerful anli-inflam-' 
mjnrery. it became a standard for cMnpariann. In 
humans, LOsicicies are not serious but CNS side effects 
are undesirable (Boynton et 41 I 19*8). The incidence of 

Gl hemOfThage following adminisEraGion of 
■ndomethnein at dloses of 2-5 mgAg precludes its clin¬ 
ical utility in dogs. In one study, all dogs developed 
melena wilhin I week o( receiving 2 tiig/kg ditilyL Wfv 
of these 4Liiimals had g&Mric tikers (Ewing 1972). 

Awtttmiwphen, Acetaminophen 1 [paracetamol: 1 is a 
coal tar analgesic used in human medldive as an effec¬ 
tive alternative tea aspirin for control of fever and pyin. 
Ii has. been turned to have poor anli-inflacminatory 
activity, although this view ha* recently become move 
controversiiLl [Mburu ct d. 1988), AMhough often clas¬ 
sified u a N S AID. its mechuiim does, not involve 
inhibitiiiiii of cydcxixygenase. Rather, aoaaiiiinopbeii 
interferes, with the cnctoperenidn intermediates of a A 
conversion. Its re lai i s elly weak anti- in rlunimuiory 
acti\ ily ha* been allnhuleii In ihc high concent ration of 
peroxides occurring in peripheral inffummaiory 
lesLun*. Acetaminophen may be more efleclive againsl 
inllammatury cundUions in the CNS. 

The major disudvantaje lo ihe use of acd-aminophen 
in veterinary paLicnls is the narrow- safely vmqpn that 
characterize^ i ts use in cats. The drag is normally con¬ 
jugated with glucurotiide and Lo a lesser degree with 
sulfate. Drug that is nut conjugated is nreuibcJized by 
phase I microsomal enzymes to cytotoxic oxidative 
metaholites. Eniracellular gluiaihionc normally seav- 
enges ik mctiabolliLc*, hut in ilic case ul itverdu^c: cur 
glncuromde deficiency (a* with the call, the formal ion 
of Knk metahtdises overwhelm* the glutathione scav¬ 
enging system. In cats, methemoglobinemia is the most 
COmmcm indication of los.beily. although centrolobular 
heputic neenw-i* may also occur 

Treatment of acetaminophen toxicity includes 
jwlmiiiisirutiim of uritii^idLint*. irickiding A ;i.cet\lc\*- 
teine. a precursor of gluiulhtoflA, arid ascorbic acid 
(vitamin C) (S(. Omer 4ind McKnight 1980; CuJIiwtl 
1984- Savides et al. 1985). The administration of 
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rimiidine, a microsomal enzyme inhibitor, will reduce 

I he formal inn uf toxic anetofaulLtci Lind will tl-miIi in 
clinical improvement if given within 415 hours of aoct- 
Biruiropfocri □dmimstralion (Jackson 1982;. Ku ll'alo iuid 

Thumpwn 1982). 

Aeetiiminoplien may be tt cfife&livc as aspirin for the 
control of ptHiopenckve pain and inflairniiaiion in dogs. 
At daily doses of 0.5 g every H hours- (average weight 
In kg) acetimlnoplKn causes no clinics] signs of 
adverse drug effects (Mburu et ul. 1988). However, 
other studies have shown that adverse reactions 
(depression, methemoglobinemia, and vomiting) can 
occur at higher (0.1 g/kg) dose* (Hidle and Grauer 
I98A: Sanridcs and Oclune 1983). In another study, 0.9 
g/kg IV caused fulminant hepatic fai lure in dog* (Fran- 
cavjlla et al, 1989). 

TREATMENT OF OSTEOARTHRITIS, Recent 

advances in I he palhnphy biology of degenerative joint 
diwu! < DID: oiteciiithrilis) have provided new thera¬ 
peutic foci. The progressive degeneration of articular 

cartilage which characterises this disease reflects m 
imbalance between curtilage matrix synthesis and 
breakdown. The role of in flam mat ion in the patho* 
physiology of DJD is cantromial. Mechanisms of 
therapeutic chugs designed to retard DID deterioratiion 
include inhibition of synovial celhderived cytokines 
and chondrocyte-derived degraxtsfivg enzymes, inacti¬ 
vation of superox idc radicals, stimulation of matrix 
synthesis, and enhancement of synovial fluid lubrica¬ 
tion (Finals 1992; Altman et al. 1989). Tile impact of 
NS AID therapy is apparently dlhtf harmful or benefi¬ 
cial.. depending Gfl the drug. The pninary effect of 
NSAIDs on Lhe disease is probably analgesic rather 
than anti-inflammatory (Finals 1992), A number of 
other anli-lnflimmaLory drugs have been studied for 
their efficacy i n the treatment of DJD. 

OrEntein, Glgotein, or tfipcimide dtsmutnse, is u cop¬ 
per- and ziiftc-coniaifLiiig meialkiprotein that can be an 
effective iuiti-iiifl+iitiioitiory. An an endogenous intra¬ 
cellular enzyme, it occurs al very low concentrations in 

many tissues, hut particularly the liver, where ai scav¬ 
enges tissue-damuging oxygen radicals. Phagixytic 
cells < neutrophils and macrophages i generate lurge 
amounts of cytotoxic superoxides during the inflam¬ 
matory process. The half-life of phagocytic cells is pro¬ 
longed in lhe presence of superoxiJe dhmutase (Salin 
and McCorel 1975; Tobin 1979), Approximately 2*^6 
weeks of therapy may be required before therapeutic 
benefits arc realized Orgotein is characterized by a 
wide margin of safety, with the lethal dose being over 
40,000 limes the therapeutic dose. As a large mukade, 
efficacy v ia any route cither than intra-artieulir is ques¬ 
tionable due to pun* fiteotpiioA, However the drug has 

also been administered clinically hah 1M and orally 
(Brc&hcara et al. 1974). Molecular size limits renal 
diminution of the drug. Following intra-arcieular 
atlmini^jution. cifgoiein was 94% effective in horses 


lame for less than 2 months, compared to only 49% in 

horses lame for greater than 2 months prior Its creat- 
ment (Ahlengard et al. 1978). 

Pulysulfaled Chit^aniiiiuglycuik. Recent efforts in 
the 'treatment of tMteoarthrilis have focused on drugs 

that favorably shift the balance between degradaiton 

and synthesis of cartilage matrix. 

CHEMISTRY. Pnlysullaled glycoKLijni™.-.glyi-an (PSGAG; 
Adequan: Artcparon) is a polymeric chain erf repeating 
units of hexosamine and hex uremic acid. Considered a 
hypersuUatei.! compound,. approximately 14% of the 
chug is, sglfatcd ft extracted and purified from bovine 
trachea! tissues (White 1988). Normal cartilage matrix 
is, composed of proteoglycan complexes,, collagen, and 
water, Side chains, of glyctKvsiiniikig.lycajks (keratin and 
chondjoitm) are attached to the core protein of the 

prericoglyeun molecule by a strand of hyalufonalc- 
Water trapped in between these complexes accounts for 
the resiliency of cartilage, PSGAG closely mimic* 
the prcHieoglycun complexes found in normal articular 

cartilage. 

Pharmacologic Ejtect. PSGAG appears to be 

chondfiipmicctivc in bofh in vitro and in vim models. 
In vivo models have included chemically and trauma!- 
leal I y induced cartilage damage (Francis el ai. 1989; 
Hannan et al. 1987). Cartilage degradation is retarded 
in the presence of PSGAG, Although ihe mochaniims 
of these protective actions are not known, chondrocyte 

proliferation and matrix biosynthesis appear K> be 
important (I human el ml. 1987), Collagen, prult'ugly- 
caa, and hyaluronic add synthesis Increases (Nethery 
et al. 1992). In addition, proteolytic enzymes such as 
collagenosc (Hnlverson et al. 1987: Ncthery et id. 

1992), leukocyte ekLvtase i Kao d al. 1990k proteases 

(While 19S8; Montefiuri et al. 1990k and lysosomcs 
art inhibited (MunteUnn ct al. 1990), although these 
action* are Jiltely to be complex t Nether J «i al. 1992). 
Compleinem activity is also inhibited; (he degree of 
inhibition appear* in be related t» the sulfate load «f the 
chondroitin sulfate maim (BifToni and Parol i ]991}. 

PSGAG appeal to have nn effort on Ihe ability tvf 
interleukin-1 to stimulate metaLLo|mMiei[i;is£ activity in 
cartilage (Areerm ;mJ M c Donne 11 1969). 

Disposmoft and Safety. Deposition of PSGAG in 
nofraal and diioia^ed cartOage hits been demom&ited 
after parenteral adntJ nlftratkni. Drag lhai is not 
retained in eatiilage is exovted primarily hy the kid¬ 
neys with minimal degradation of die parent com¬ 
pound. Toxicity is limited in all species studied. In 
dog's, the is 1000 In hLirscs. the rvjxnU'J 

rate of adverse reaction (0,03%) has heen much loster 
than the especied reaction rate of I.«% [White I9SS). 
Heparin and PSGAG arc chemically similar. Adverse 
efflbrts related Id the anticoagulant activity of PSGAG 

have been suggested but not reported. However, 
heparin'associated throiubocvtopcnia. a decrease in 
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dtculyiinj! platelets presumably immuiiologically 
mcdiaLcd. has been reported in human patkflfts receiv¬ 
ing PSOAG (Grefaucber d al. IW2), 

CUNECAL Use, PSfiAfi ( AdcLjaanl! is approved for 
use in the horse with ijitra-artieular administration. but 
i[ lux been widely used a s an antiaithritk in berth 
horses (White 1988) and dop with IM administration. 
However, the dspositkn of PSGAG following IM 
administration has not been reported, and the current 
label fa for inirii-aniL-ular use only. The drug is cur¬ 
rently being considered for approval Jbr use in dogs. 

Fl>;iln j'i nkic- Arid. Hyaluronic acid is- an essential 
component of synovial fluid, where it is chemically 
linked to proteoglycans in articular cartilage. Bis mode 
of action is not certain, hut il is assumed to functkni as 
a luhricant (Finals 1992)- Following ijiLrii-mticular 
injection, the drug pereivLs in joints for fifivetll days, 
High molecular weight hyaluronic acid iflhdbfts phago¬ 
cytosis and lymphocyte migration and tyBOYtal perme¬ 
ability. Prior treatment with glueocoriicoMcroidi or 
bnny ehan|^ limits response (Tobin 1979). Intru-urtic- 
ulur Injection of die drug htt met with variable success 
in horses (Asheim and Lindblud 1976) and dogs. 

DimMhs kuLfcividi'. Dimethyl sulfoxide (DMSO) is a 
hygroscopic vilvcnl derived from wood pulp. It is used 
m a drug vehicle because of its ability co dissolve drugs 
nert soluhlc in water. Because of ils chemical character- 
i sties, DMSO is variably categorized (Braylon l L J86: 
Alsup 19*4). 

Pi IABMAjC'OL.cxSK' EfffiCT As an anb-lnflammuLory. 
DMSO is a scavenger of free oxygen radicals. Anti- 
infEiimmatnry effects have been reported in acute mux- 
culcwkelclal injuries, CTNS inflammatory processes, and 
CMS trauma {Wong and ReincrLson 1984; SfiGKf 
1991). Chronic diseases are less recpfllflfve to Lhe -iinli- 
inflammaCLiry effects of DM SO, ImnwiarilQdulaCm 
may be responsible for some of its anti-inflammatory 
cffecls. The drug inhibits. white blood cell migration, 
antibody production, and fibroblast proliferation. The 
analgesic effects of DMSO have been compared u 
those- of narcotic analgesics. Analgesia has been 
reported in a variety of siLuaLkms.. including acute and 
chronic musculoskeletal disorders and pisCoperuLivc 
pain. Although nerve blockade has been reported in 

viLnc>, it is unlikely chat sufficient HHratfHtkH occur 

in WO to effect ihri re^poiiM;- Opiate reception abc do 
ika seem lo be involved. Other phaimieologie effects 

□frcludt* inhibition or stimulation oF enzymes, vasodila¬ 
tion {due lo histamine release)„ inhibition of platelet 
aggregation, radiopr ejection, cryopieservatiofi, and 
antimicrobial t antifungal, haetcrial, and viral'l activity 
(Wong and Rcincrtson 1984; Braylon 1986)* Diltfttb 
occurs after topical, onl, or p&rcmeral administration, 
probably due lo its hygroscopic nature and ability to 
pull water into the tubules. DMSO (3.0 mgi'kg in 20H 

solution) has been reported to protect llw kidneys 


agatnsi ischemic insults lo iIk kidneys. A sedative 
effect has also heen reported in several species t Bray- 
ton 1986k 

DISPOSITION. Following oral fldiliiiSHHh of I g/ltg. 
pcafc plasma drug concentrations- occur within 4-6 
hours, and detectable levels pcreivl in the plasma for 
41)0 hours (Wong and Keincrlson 1984 k Within 2(3 
juinuies of topical application, DMSO ptcneirales- Lhe 
skin and can he detected in all organs of the body 
ij Bray Ion 1986).. Peak plaxma drug concentrations 
occur 2 hours after topical administration 4 Wong <uid 
Reinertson 1984), ll?v ability to penetrate the skin is 
helieved to reflect exchange and inLcnrhunge with 
water in biological membranes. Mucous membranes, 
lipid membranes of cells and organelles-, ailrd tile bliHH.1- 

brain barrier are sunttvty peaetmed widHwt ine- 
vendble membrane damage (Breytoo 198b). To*.irh 
enamel and keratin appear to be the only tissues that 
DMSO does mot penetrate l Wong and Rcincrtson 
1984), DMSO IkiliMvt penetration oF other sub¬ 
stances ACTOtt membranes; culaneiws penetration of 
steroids, sulfadiazine. phenylhuCu/one. and other drugs 

has been documented i Bray ton 1986; Alsup 19-841. 

Lnhanced abs(srption of therapeutic drugs tan lend to 
toxicity, particularly For UHtbetk. CflfdkMCthtt* and 
anlichtdinesLerase drugs. 

DMSO is partially metabolized by hepatic fflkfflfr 
nul enzymes | Bray ton 1986), bul the primary mule of 
elimination appears Eo be in iIk urine as the parent 
compound (Wong and kcinerlscm 1984), Although a 
significant amount of DMSO may be eliminated in vile 
bile, most undergoes enlcrohcpatic circulaEum (Wong 

and RdoertHQ 1984). Hepatic nAabotiBm of a busH 
amounl of DMSO (3-696) to diincthylsulfide and sub¬ 
sequent pulmonary acMkn of thi* metabolite account 
few the halitosis which occurs regardless of the route of 
administration (Wuitg and RdncrtHO 1984), 

AdmbRSE EmCTS- DMSO ha.> a lar^je safety margin. 
Signs- associated with near lethal IV dose*, include 
sedaLion. diuresis, intravascular hemolysis^ and henui- 

turia. Doth li preceded by hryptMetufoo, prostration, 

cnvultiou, and respiratory distress dunderind by 
dyspnea, tachypnea, and pulnluirary edcilla. Flskbitis 
ami VCOOUi obstruction may occur with ]V dosklg. 
ImravwmliLr hemolytif is conceixnlioa and r^ie 
dcpctiLlcnt, and eoneciuraiicuis kc^s than 10 r ^ are rec- 
omiiK-nded for IV administration. Susceptibility lo 
hemolysis will vary with species due io differences- in 

erylhrocylc fragiljly. Nephrotoxicity has hcen neponed 

in some species. Necropsy lesions include hematuria, 
hemoglobinuria, and mild lubular nephnnis. Chronic 
toxicity studies in laboratory animats have documented 
hcpaloliniicity, which may be due lo LLs metabolism by 
the liver to Elikk rneLah*elites. may hJmi ^nluuicii 

hcpaiotoxicity of other drugs as well at hepatic binding 
and metabolism of selected card nog.cns. Teratogenicity 
bus tkfeo been reported in some animals. Ocular toxic¬ 
ity oocm with daily., long-term Administration and 
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develops more rapidly in young animals.. Lesions uccur 

iff tiw lens and appear us iliered idu&Bflgy, mat mg ani¬ 
mals myopic. WriniFogle abnoimaMijeis are non uppar- 
ent. Such a response mm reported in one horse which 
received 0 j 6 g/kg daily, culmotHiily, for 2 mouths. Skin 
reactions are common^ particularly at higher oonjcenira- 
tions. and are muni fesled as erythema. warmlh, and 
local vavadiJilioo. A wheal-ind-tlan: response and pru¬ 
ritus may also occur. Repealed application may result 
in drying and desquamation of Ihe epithelium i Brayion 

m&i 

CLINICAL U$t. DMSO is FDA approved for topical 
application in hoisa suffering from acute swelling due 
■n trauma m id in the treatment of acute or chronic rums. 
In humous. DMSO is approved for interstitial cystitis. 
AlthLUjgh ntu approved, DMSO ho> heen recommended 
for therapy in male cats suffering from urinary tract 

otetruclion (Brtjftoa 1986k Other nspaned applicuiditt 
■of DMSO Include fscilvtaiitin of healing of skin wounds 
(including hiihnumliiosiv of horses % acral lick denmali- 
it\ in ctogg, postoperative fibrous adhesions, acute CMS 
trauma, mfkimiiwtknL edema or ischemia, interverte¬ 
bral disk disease, fibrociniligi nous embolization., 
ischemic insults, p4>siiL>pcrmi^ myositis, rheumatic dis¬ 
eases. myasthenia gratis.* and chronic niusirulusJtdetiil 
conditions. DMSO also inhibits alcohol dehydrogenase 
and thus ho* been recomtnended for the treatment, of 
ethylene glycol toxicity (Brayion 1986). 
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DIGITALIS AND VASODILATOR DRUGS 

FL RICHARD ADAMS 


Basic Aspects of ( ^rdi^i Function 
Intrinsic Krguljtinn 
Regulation by the Nervous System 
CrDulur Concepts 

Digitalis Liiiffl Related Cardiac Glycosides 

Oiemtslry and Sources 
Cardiovascular KlFctls 
Kvlracirculaton Effects 
I'huririHCDkinrliiN 

Digitalis TosSdty 

Therapeutic Indications for Digitalis 
Clinical Procedures 
Preparations 

AmriMUK and Mtrlnow 
VasodiKalor Drop 

Prazosin 

Hydralazine Hydrochloride 
L'kiplopril and FnaJupriJ Muleulc 
CiiJduiti Channel Blocking Drugs 

Other VHsoditaton 

Ancillary Therapy In. CoflpDvf Henl Failure 

Oxygen Demand and Delivery 


Diuntb 
Morphine 
Oilier Procedures 


An understandi ng! of the clinical pharmaendyninnies Lit* 
cardiac drugs is essential to veterinary medicine lew 
two important reasons. First* the indispensable pump¬ 
ing function of the bean in maintaining dfcoLohuii 
rules that lir'e-lhreatcningevcrils arc often present when 
pharmacologic agents arc needed to control the head, 
Second, cardiac dysfunctional stales that are amenable 
to drug therapy are common in some species* 'Phis 
chapter considers the more important drugs used in 

ihcrapcucic nwnsgcmettt of ctntnc disorders, with 

focus on basic aspects of cardiac function, digitalis and 
related cardiic glycosides, hi pyridine inotropic drugs, 
and vasudiliMOir agents, Antiiinrhythmic drugs arc cov¬ 
ered in Chap, 24. Other classes of drugs that elicit 
prominent cardiac mpOflM* (e.gr, adrenergic and 
cholinergic agents) arc addressed specifically in appnP- 
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f Section! f ntuot acting ok tb-ch c-utmi w.vvjl u.-sh sts m.m 


BASIC ASPECTS Of iAKUlAt FUNCTION. 

The heart. frloodL lungs. iind hlmd veudl compose an 
integrated phytkilogic system llu.4 supplies oxygen arid 
other ou tricot* to ttauu and ihuvh carbon dkndde 
and oLbcr waste products. Ef&dwy of Lhe hcarl mus¬ 
cle and erf I issue Auctions throughout the b<>dy is criti- 

ally depeodal on a d eq uate supplies of oxygenated 
btwd. This necessitate* ii Kcfes of seorklvc and 
dynamic control nHchmfcuu m ensure iliai cvlic 

output is sufficient In supply cellular demands.. 

The three primary pathways by which the heart win 
increase ks cudlic output in respHmse 1 lo body needs 

fc?r in cmud blood flow itres an intrinsic response of 
the muck to ilkiik^eN in muck length, change* in 
hwLn raie, *mJ iidje*tmem> in. contmctUity. These phys- i 

iolngic e rmif i> 1 t ydami an* mf mndHlbk importance 
io pharmacology kcauM! the net response oF ihe heart 
to drug* if controlled by Ihcsc mechanisms. 
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Inlrirtsit R^ulitbHI. ContnctUe IHpMtt Of cardiac 
OHttk to a change in ill OWD length is iIk primary 
iitadkuhisrn whereby I he heart adjusts ill pumping 
iiSL'Civity under normal physiologic conditions (Fo/zantl 
19761, In the whole heart, the iiolumc of bipod return¬ 
ing to udu chambers from the veins controls resting 
muscle length. Individual rnyofibLTs are stretched as 
the intraventricular diastobc volume espunds lo accom¬ 
modate Increued venous relum. The sLretohed muscle 
respond*. ill Cum with enluukred contractile sLrengLh. j 
thereby pumping die increased volume of blood into 1 
the arterial c ircuits. 

The fundamental capability of ihe bean lo uuturegu- 
laic its pumping capacity in n^nnse to cnd-diu-Mohc 
Hitinp, and thus muscle length, is referred to as the 
Frank-Starling Law of the hean (Frank 1895; S-Larling ■ 
1918), This length-force relationship is the result of 
stretching the sarcomere lo a more optimal interdigitat- 
ing arrangement erf Ihe aclln and myosin elemenls. Ihe 
relationship between Cfid-dmrttohc filling and -cardiac 
OLitpul under basal conditions and under dominance by 
the sympathetic md parasympathetic nervous systems ! 

is shown in Fig, 23„ I. I 

KejdiiJutnm ihy the Ncmi System. The autonomie 
nervous system regulates the heart mainly by adjusting 
cardiac rate and myocardial contractility. Details con- ’ 
ceming cardiac effects and mechanisms of action off die s 
sympathetic neunujunsmilter norepinephrine and the l 
parasympathetic iieurntninuniLier acetylcholine (Ad) I 
are presented in Chaps. $-7, j 

Sympathetic MiitluluLkm of cardiac muck markedly 
increases the force off contraction irrespective of end- 
diaviolte mosck length. A change in ccnonctik 
strength ihiLi is independent of muscle length is referred 
Ln as a change in contractility (inolmpyl, In the pres¬ 
ence of inotropic cumulation by the sympathetic sys¬ 
tem. cardiac outpu.1 at each level of ventricular filling is 
enhanced considerably over the basal stale (Fig. 23,1}. 
Conversely. pajasympatbcLic nerves exert their primary 

i nOueaces cm cardiac uutpai. not by changing the 


F’lti. 111. I Frank Sljrlin^ law ul iIil heart. As cnd-th;isU>lu: 
vcrrinmlar volume incruaufK. the myu fiber is KErutched, 

ethmeing ifn 1 o wual lt siaie of ihe nuKk; ruriar uuipui 
in ihus iicmfi The cardiuc ounpui cme can he EiifluLmed 

by Jilkrunl Lk|frous til syinpalhuCiL. and parasyinpulheitL' 
sUmulaLiun. 


inotropic sUlIc, hui hy adjusting heart rate. Vagal dis¬ 
charge piudiiw bfadycflurdla; with fewer heariheats 
per hknii of time, Ic^s hi«sd t>e p^n'ipcd and e^ediac 

nuLpul is decreased ul all levels of vculhis rcium ( F^- 
13.1K In contrast, aympodictic simulation produces 
marked tachycardia and. within physiologic limits, 
oundiiic iHitput is increased prop uili orMlely. Coronary 
blood flow imreases in rtflpOtise lo sympathc-Lic sLim- 
ulat]on B bul much of this change is ttCHduy to 
iners-a.-wd OKtabolic-aKyg^n demands of the beort 

tuiscte. 

My^ardial oxygen demand varies directly with 

three nwiif> facloni: Imui rate, myocardial wall tension, 

and inriitropie staLe. Myoeanlial wall tension is directly 
proportional to ventricular radius (eardiae siffi) and 
inlravenUicular pressure, i.t\, the law of Laplace. Pri¬ 
mary detenrnnants of ventricular wall tension arc pre- 
liqU (1,0., eihd-diasiolie volume ^nd Mreiehi and alter 


load i aortic hhwd pressure K By reducing prelosd or 
Afterhnd, Certain dmgs am elicit marked ndUctln in 
cardiac wort without direel inntmpic aclion on a heart 

muscle cel. 


C'ullul^Lr C iuuepls. The b^Lsic contr^uiile unit of a 
heart nundv cell is the sarronicie, ctnippaad of the 
interdigitating protein filaments aclin (thin lilament) 
and myosin (thick filament). Activation of the fibiKKOltt 
is regulated by a protein assembly unit composed off 
cmpoim-osin and ULtpuflin aihj kuoculed with aciin 
molccu In . Avai luhi I i i y of ii>ni /o:\ cnkiu.iYi »i Cs 4 *) in the 
vicinity of troponin is. ihe obligate modulator of the 
relaxation-cool rati inn cycle. 
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A. SINGLE CELL ACTION POTENTIAL 
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FIG 23.2—(A) Cardiac action pLilcflEial ru.xwdcd from a SJrtgJtf ni\m:anJiaL tell. Iliir lullu^iaig phau's aw liM«h 0 ■ rapid 
tkpolafiiJiliLiiL ujViCnikL-. I = rapid rqpuidn/^iLiyn, 2 = plunr, 3 = delayed rupulari/^hnn!, jiid 4 m dijnslnlie potential The 
plaieju phfirf is due piifll) 10 a skrtfc- l u iic I si i upii u-.mLiri;.' Liilry t"a“" inki lliu Lull dun lie cxiliIuCuki LLH-il.rriitiLin L-niipiiji^, 

(Us Eketrtii]aid*%rTtifi (ECO) srf Bhe vwdde cnm-lating wiljh Liu ippediv? phjwr-v iibove [PnfciET arid AdliTU 1977 ). 


Blinding of Ca** to a high-affinity suhumiL of the tro- 
’ ponan molecule evokes ihe movement of tropomyosin 
from its diusluhe blocking position on uclan. Cims- 
linkajw^ cm "emss- hrijgss" are formed between projec¬ 
tions of the myosin molecules ;md C It posed $jt«> i>n 

aciin, As crnsH-hridpes are formed, the thick and (tin 

filament* move Laterally in relation to one -iii<>il’iL-r s and 

oonlfartion occurs. Calcium delivery to Ik myofibrils 

is initialed hy bioelectric eveiif \ at ihn cell mtmhranc, 
represented by the cardiac action pi iceniial. 


Cahluac Action Potential. The diu-siolki resting) 
membrane potentidJI in heart cells is maintained at 
a hoot -90 mV (negative inside in relation looiMside the 
cell)- primarily » a result of uneven dKritolin of 


potasstum ions ( K') inside, rK'J, and ouivide. ((£■)., the 
cell. The cell me-mhrafte (unolemim] is sekeiwely 
permeable to K + during diastole compared In other 
ekclro9yl.es like sodium inns (Na 1 ), and yet an aeiive 
ion transport system maintains high (K“) relative to 
and km lNa f » relative lo (Nil"). The high per¬ 
meability of the cell membrane to K* allows a net out- 
ward leakage of tills positively charged km. Thi s oul- 
ward current, in combinaEacm with i m permeate organic 
unions wiihin the cell, yields a negatively charged 
iniracellulat space. Wien die ceJJ is stimulated, selec¬ 
tive permeability characteristics of (lie wr co kmmi to 
K r are Inst. The resulting change in jnn disirihnlioci call 
be recorded as an action potential by using a micro- 
dttlnxk capable of penetrating a single myocardial 
cell (Foulard and Gibbons 1073|. 


The action potential of a ventricular muscle cell can- 
tains two basic components. tfcpolan/atLiin and repo- 
luricution. whkfl can be differentiated into five phases 
fFigr 23-2), The rapid upstroke, phase 0, is similar So 
ihc dcpoliLriiZMt ion spike seen in skeletal muscle and 
neurons; ii represents a rapid flu* of Na + info the cell. 
As the pemncahjliiy characteristics, of the cell mens- 
brans- arc rmtiHijbflL rapid (phase I) und delayed 
(phase 3) r^ahuJjnii occur, restoring (lie memtifrutt 
potential to its diastolic level (phase 4) r 

The plateau (phase 2.1 is due partly to a slim' inward 
current thM is carried by Cii” through membrane pas¬ 
sageways (channel or pones) ikmi are distinct frorn 
those participating in the rapid Nl‘ upstroke phase of 
ihe action poieniiall. The phileiiu phase i^ critically 
important because the slow inward Ca** eurierii is 
hclsev^ed to he ihe link in bean mottle chal couples 
membrane rxrititian with actlculion <jf the conljaclilc 
apparatus (Reuter 1^79, see Chap. 24), 


EXCll A tIUN-CcjN I RAt iiiQN COUPLING, Alltwugh 
C.Y+ enters the cell during the plateau phase of dm? action 
potential, the annumi of Ca“ iIl.ii enters hy tins sJe)tw- 
tuiTcnt padvwuy i% nnsuffickivt by itself for cjptimuJ acti- 
viition of the contractile apparalus (Sobro ct aL 1974). 
Instead, die small mount of C*r* cnemng die cell dur¬ 
ing the pkican of (he action potential fills SHCDptamk 
reticulum stores of Ca M and also acts as a trigger io 
cause a reya uamln re release of additiona.1 amouncs of ih is 
cariod than have been previously sequestcrcd id the var- 
copSa.smk reticulum (FaMno and FAiia 197 s )). 
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FIG, 23.3—SchcmmLic reprewnUHion of'Cellular ion nmnitt controlling exribrfjoiKQrttKrtMi coupling in iKwl muscle, 
An action pulenrtiil C AP) inMigaks Lhe i mwl movement of Ca" ihmiigfti riwCr chmcfli of the wnrinuni f I ft, rnwanl- 
moving calcium fills uucoplMmic rHk'nluni simes. of she cation and alra serves as a trigger to mlnasc additional Ca" from 
^uncage sLies of the upcoptafluiiic reiknluni, (3]. Thm Ca" sources and. than milting from NV-Ca" exchanges across iIil- mt- 

Ltil< , nnn:i (2) i>. li'. j.Il* ilk- ircmlnicKi.k' prnlcms (4ft. KcLuxuliun lh:lii r-, as lthIl-iuiii i> ■H.-qiiu’^L lTl^I mI outrage mIl*-* nl .•fciuocrp.kiMiiii; 

rrtjciilum C3>_ Miloehrmdnon (5) Ca"" is pimped out rtf the cell (6), Altered radium pump activity (7) may abo affect sodium 
tnncc:ntniticm% avullabk 1 from Nfa'-CV cKctiumgL 1 j Parker mid Adams 1477). 


At least a portion of Lite eontraeEile-dkrpendenl Ga"‘ 
in heart mustIc as in rapid equilibrium with extracellu¬ 
lar Ca"" and is derived from superficial binding sites on 
the cell membrane, Two separate pathways of mnve- 

menl of superficial Cli** are tclimd to be involved 
tLonger I976* L9Mi Parker and Adams 1977). The pri¬ 
mary cleetmgenac route is associated with the pnevi- 
LMiislv discus ml I plateau phase of the action potential. 
An nckliEtonal influx of Ca** is Linked with a CV-Nu' 
exchange across the surcolemmu. In chi^- system, -iin 
increase in iIr- amount of Na* tu the interior surface of 
the cell membrane would activate u mefnbnne earner 
mdtecule dial would translocate three Na“ across, ihc 
sareolemma in an outward direction and in return carry 

one Ca" + into the cell.The NiT-CV exchange system is 
a hi directional transporter, and during diastole it seems 
Lu move Ca** into the inLcrsiiliunL thus facilitating 
relaxation (Reuter l9&5)_ A schematic represcntijEiu-n 
of^escilatJon-conEraciitKn coupling in marnittuJian heart 
muscle is shown in Fig. 23.3, 



chat iKt us pumps to relocate ions and prevent 
improper accumulation have been identified (Oad&by 
19BJ). SodSum^a^um^ccis-iked adenosine Eriphos- 
plisiiase (Na'.K + -ATPaMtO localized in the cell mem¬ 
brane propels Na* out of and K' into the cell, against 
their respective eouceniraLkifi gradients, Excess intra¬ 
cellular Ca** is pumped oul of the cell by systems 

believed to be localized in itgiflUi of the sarcoplasmic 
reticulum that are in close approxlmuLkm to the sai- 
eolemma (Fig. 23.3k A sajCL>lemmal Ca’"-ATFuse also 
contributes to extrusion of Cl**. 


Although many aspects of the actual processes 
involved in excilution-cmitriiftiori coupling are urire- 
solved, the necessity of an adequate supply of super¬ 
ficial mein bran e-bound Ca* 4 in heart muscle is 
unequivocal. Superficial Ca“* sources are now known 

to be causally involved in the mechanism of net ion of 
many clinically useful drugs, including the digitalis 
glycosides. 


Relaxation. During repolarizatkm, Ca** is actively 
sequestered hy the sareoplaarnk reticulum, which 

avidly hinds and stores rnyuplasmic Ca 4 * with affinity 
greater than troponin. Relaxation occurs as Ca** moves 
to the sarcoplasmic reticulum from troponin binding 
sites on the myofibrils, and the cytoplasmic Car con- 
caitraikm decreases below the threshold required to 

trigger achromycin cross-bridge forMon (Rg. 23.3). 


Maintenance of Electrolyte Gradients. 

There is a net influx off Nii* and Ca" + and efflux uf K* 


with each action potential. 


Membrane-bound enzymes 


DIGITALIS AND RELATED CARDIAC GLYCO¬ 
SIDES. Digitalis and seven! closely allied dhevndcals 

are derived from the purple foxglove plant iDigitaiis 
jnirjHtreci ), other related species of the ligwod family,, 
and some plant species unrelated to digitalis. Mt'dkriuul 

use of plant extracts containing cardioactive principles 

hrU^ 51 Jong and CQIofRiI history., daiing to ancicm limes 

of the Greeks and Roman*. 

Application of digitalis to HKKfem medicine can be 
traced to 1785, when William Withering, a physician of 
Birmingham, England,, reported his account of the ther¬ 
apeutic use of foxglove. This re mark able story star’ll 
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with jin old WdfflU fmm Shropshire wfcd for tuny 
years had nunKtn) an herbal folk remedy purported 
to he cJlicucitniK in trebling dropsy (edema ) B Although 
the remedv wax a tamilv secret and included at lease 

■a nr 

different herbs. Withering correctly ascribed beneficial 
(benpullc results to the foxglove ingredient. After 10 
yen of studs'. Wliboitg whe ccmvinced uf the ihera- 
peuLic value of the pUrnL and published bis now ctesic 
monograph. *An Account of the Foxglove and Some of 

[is Medical llscs:: With Pt Lie lie a I Reuuirks M Dropsy 
and Other Disease^.” 

Wi Lhcring recogn \icd Lhal nnl y some t y pe^ oi‘ dropsy 
were hupuovcd with digitalis, bul he apparently Jailed 
to distinguish oongeslive heart failure from other 
edema-producing condi Linns. Because of the often pro- 
uuunced diuretic response, the kidney was Lhuughl to 
be the primary target organ of foxglove turaever. 
Withering slated, "It has ihc power user Lhc motion of 
the heart, to a degree yet unobserved in any other med¬ 
icine, and this power may he converted to salutary 
ends,” 

Subsequent studka hy numerous investigators 

clearly klcnliJletl the heart as the incus of digilaJis 
action in congesLive Ini lure patients and designated a 
positive iutropic elfecl on the myocardium as the rel¬ 
evant mechanism of action. These agents also tun 
important anlKintiyLhmic action that ha.% therapeuLic 
application whether or mu congestive failure is prcscw. 

Thus the principal indications tor therapeutic use in 
veterinary medicine arc congestive failure and certain 
forms of cardiac dysrhythmias. 

Chemistry and Sources. Chemical and structure-uctiv- 
iiy relationships of Lhe digitalis glycosides are quite 
complex. but seven] basic similarities are retained in the 
different compounds. The nomenclature is interesting, 
since ic is nnr derived from specific dvnikul Aructtsm 
but ii based instead on botanical origins. 

Official digitalis is ihc dried leaf of ihc purple fox* 
glove plant: KM1 mg of Ihis material is equivalent to I 
USP Digitalis Unit. Three cardiac glycosides are 
derived from the leaves: digitoxin, which is used in 
clinical medicine, and the less well known gitoxin and 
gitalin. Di.gitn.xin. digoxin !another glycoside used 
therapeutically k and gitoxin also can be extracted from 
lhc leaf of a related plant. I\ Stmta. iIk woolly fox¬ 
glove. Strupliiinlliklin and ouabain are imporianl glyco¬ 
sides cLUbiaiikvd in the Hedx of Smpbmtthns sp a ; £ jgra- 

tus. the sLiurcu nf caujbuin, is 41 n African tree. 

AceLylslrophunthidin is a semisynthetic derivative of 

strophanthidin used experimentally. Of toxicologic 
intercut, several caidknctive glycnidn are fund in 

lhc skin of Mime loads iBnfu i wlgflri\ R. jo 

certain oleander plants, and in a large number of other 
unrelated hotunical species. 

Although 300 of more cardioactive principals of 
vegetable origin have been identified. Lhe three tom- 
poinds flKHf important 1o veterinary llmupeulics art 
di|OXlt9 P digicom in, ind oubtln. Bhiuh of consider¬ 
able pharmacDlcigic similarities between the different 



Digoxin Digitoxos® (3) OH 
Digoxiginir* H OH 


FIG. 2.1 4 — Stnctunl HTlOfUIUtl of tijDliD aid dijlifklll 
and the ogl>civnes digoxigeiiin aihi djffknffaqU. 


glycosides, the collective i*;rm digitalis is used to des¬ 
ignate lhe entire pvp rather dun referring ordy to Lhe 
dried leaf. 

Tte term "glycoside" in general refers il> a ppfil- 
piwnd linked by 4in oxygen alum tef a sugar molc- 

cwM»J. Plunt-derisucisv digitalis glycotida with Lhe 
newt interne phanucolofk activity consist of an ngly- 

cw i gen in I moiety combined wilh one to four sugar 
molecules. Aglyconcs arc staictuiiUy related in Btenrix 
bile acid*, and sex and ■ A t O O M ft ktMl crokl hormones. 


The basic stemiil-lype nucleus is 41 c>vhipefltanuperliy> 
dropheiumLhrcne to which is attached an unsaturaLcd 


IttUde ring at carbon -atom 17 fC-17). The sugar mol- 
tttdtt kuHUlly arc aLLachcd at C-3: they inJl ucnce water 
solubility. cell pcueUiihiiity. duration of action, and 
ocher pharmacokinetic diimicieristics. 

Cardiihjictivity of like molecule resides principally in 
Lhe iiglycone mokiy. but the positive myocardial 
actions of these entities are somewhat less potrtiL and 
of briefer duraLion Lhun the parcnl glyodride. In modem 
medicine, the pure glycosides arc incrciidilgly being 
used insiead of the older powdered leaf or other impure 
admixtures that required biologic iissiay P Bi^a^iiy teeh- 


niL|iK> depended nn lethal pnli^ncy n-f .nr iiukvKiwn 


prepmkm in cats, frogs, and pigeon* Wemetic cJfccts 
in pigeonx. Pune glycosides can now be BMured spec* 

LnophcvtometricalLy. 

The structures of digitoxin., digoxin, am.3 ihc Agly- 
conrs digitc^xigenin and digoxigenin arc shown for 
c*imperative purposes in Fig. 13.4; some chemical 
upecte of wvcnil important compounds Art summa- 

ri/cd in Table 23.1. 


C'iirdtov^ruJiir Kffvcls. The ther^Vutiu response to 
digitaJix in cougcsiivc heart fpilure palicnts cnl-nik a 
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TABLE 23.1 Plant soured anti chemical ctimposifkiri of selected tligitills glycosides 

PSarn. 

Qlycotklci 


AflyCflK 

Drx'jfdJf.v purpurrri llcuif) 

Diptcnc in* 

Digjlovnc (3) 

[hgicoxigenin 


Gikuii 

IJigitiHUM: 13} 

Oiwiigttldni 


Cntilin 

D$hnne (3) 

Gilc-xi^enin hydras 

D. laH(lBaO 

Digiitisin* 

IJlU.lU?SUM! (3} 

DigiCi?xigenin 


Difniii* 

Djjjjhnatc (31 

Digoiigenii 


Olmh 

DigiLonuhc (1} 

Gnmigenin 

AnpMiu fesnhf (wdj 

Sinophunthin 

GiuctiM. 1 uthI cynmnine 

Sa^rplkiinludin 

.V. ^mTu?-1 vLSCd.i 

tAjukun* 1 

Klmniw!M! 

Ouuhup-nin 


iG-Slmphanrllitn) 


1 G-ScmphaiiihidiiD 


Sour ce: Mm no Fn 1971 

*( hnii_jl Iy impcHiuoL Si? vulcnrury incdicini!. 
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HOv 2U—MyofflflUc fMimiiiip Inim 3 he an muscle W<m- #nd after espcisurrt- in ihc ewiv plyi'n'.idt fubuL Top fenc¬ 
ings were Lik-en Jl j sIlivk* nvixnling speed:, hnllnnn IrjKirtgs diiTVh [individual muscle grnitnKlmns al dcsijinnif d intervals after 

ntioi erf m.mhLain Netin (tail nrimetik fane pncrrired by Almost 100 % ^ind that Hus dkt laslcd for the 4 -f»ur mcasuve- 

mcni' period. 


brad KO(K of hemodynamic adjustments: augmented 
myocardial eoniraetiLicy; mm reused endue output: 
diuresis and dimi nnl ion of edema; control of cardiac 
arrhythmias; and reduction* in blood volume, venous, 
pressures, heart size, anti heart rate. Improved myo¬ 
cardial contractility undoubtedly is the most impor¬ 
tant; it is the primary action on which miner effects 
depend. 

m 

Myocardial Contractility. The ability of car¬ 
diac jlycctUet no iacrauc omactik vigor of the 
htart has bten dHHHHtnled in a multitude of experi- 
Hkenial preparai kmv Henri muscle suspended at coo- 
Hul maul lengLh nqmdi in digitalis with an 
increase in isometric systolic force; studied under iso¬ 
tonic conditions, muscle shortening is enhanced. 
Intravenous (TV) fttAttioti of the drug augments intra¬ 
ventricular pressure development in Intact subjects 
even when heart rate, venous rcLum, and bltmd pres¬ 
sure are maintained constant by expert menial means. 
These results validate a direct effect on contractile 
sLrength independent of changes in resting Tiber 
length, hears rate, or afferload. A typical response of 
bnft muscle to tile curdiuc glycuside ouatatfl is 
shown in Fig, 23,5, 


The positive inotropic actum of cardiac glycosides is 
particularly proiunutoed in ifc liypodyumk or failing 
hc:ut. However. this *hi>ukl nol he construed as. evi¬ 
dence chat digitalis -selectively cornels the specific hio- 
ehejnica] defect in the chronically failing heart. This 
defect has yet to- he idem i Tied in a satisfactory manner. 
DigiiaJis, by increasing CV* availability in the myoesr- 
dial fiber (» section on cellular mechariiiK Gf 
inotropic action I, increases contractiLity of the normal 
as well as the failing hean. TTills cardiac glycosides 
may increase contraclilc strength by way of a cellular 
paLhway that bypasses ur only partially involves the 

ipootamnu defect (Aruow 1992). 

Cellular Mechanisms of Inotropic Action, 

The mechanism of digitalis action that is helpful in 
congeslive failure is a poakvvc irubopic effect on the 
heart muscle. However, what is the cellular mechanism 
of aelion whereby cardiac glycosides enhance inwlropy 
of the individual muscle tlhcrs in head failure patients 
i Feldman 1993)? Only portions of this question can be 

answered without controversy. 

LACK OF DenNDfiNCE UN ADRbNEiKULC MtiC'llA- 

Nt3M5 r The incHtnpic roponsc to digitalis is ih.n pre- 
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venled hy rcscrpmc (which depletes endogenous cjtfc- 
eholaminH) of propranolol (which blocks p-adrenogic 
receptors), Digitalis drugs do not increase intracellular 

concentration of cyclic S^S^atlcnoaifie nottupbosiiliiic 
(eAMPj. an effect closely associated with positive 

inotropic action of calecltolamjnes (Ezniilson el ul. 
1977) (see Chap. 5). Thu* a preponderance of data 
clearly has cscah-lisfied Ihal the positive inotropic action 
of digitalis does not depend on release of norepineph¬ 
rine from adrenergic nerve terminals and dial these two 
agents exert uofitraenle effects Lhrougti dissimilar 
receptors and cellular pathways* 

CONTRACTILE PROTEINS. Cardiac glycosides do not 
appear to act by directly modifying energy peodticiion 
Of storage, nor is there eonvinang evidence for 
improved energy utilization at Lhe level srf the cnnLrac- 
lile proteins and associated enzymes. Similarly, most 
studies indicate unrenftiiriiibk effects of cardiac glyco¬ 
sides on isolated actomyosin and Lhe troponin.- 
Irupomyosin complex. Units an intact cell is a prerequi¬ 
site to the inotropic action of iJigil a lis, and considerable 
evidence linking ibis activity with tonic changes is now 
available. 


INHIBITION OP NA\K + -.\TFASE. Total cellular Ca 1 " is 
increased by Lhe glycosides; this net gain Deflects an 
augmented Ca” influx. However, phaae 2 of the car¬ 
diac action potential,. which depends partly on clcctro- 
genk influx of Ci*\ dues not seem to be affected 
remarkably by therapeutic amounts of digitalis. These 
data have led invesligalurs to propose an increased 
influx ofCa~ across the cell membrane i n exchange for 
Nil" as u neduouBin of inotropic action of digital iv 

This change In Car* movement as wdl as modifications 
of Na + and K* locations are explained by the well- 
known inhibitory effect of digilalis glycosides on the 
Na"-K* pump of the sareotemiwi (Foaaaud and Sheets 
I9H5; Katz l®), 

The Mg J ■-dependent Nn + P K*-ATPMe of lhe cell 
membrane supplies energy fur Lhe active pumping of 
KiT OUtWtfd and K* inward against their large concen¬ 
tration gradients (Fig, 23,3), Beginning with experi¬ 
ments rn Cfyduwyts by Sdtalzmunn (1953k Lhe abil¬ 
ity of cardiac glycosides to inhibit membrane transport 
of Nil* and K + ’ha* been confirmed in several tissues, 
including the heart, The Na + JE + -ATPasC is bdieved Lo¬ 
be the cellular receptor for digital^ glycosides 
(Schwartz 1977; Akcra and Ng 1991 ) P 

Inhibition of Na'.K'-ATPase result* in progres-vive 
reduction of (K 1 ) as lhe ability of the pump to transport 
K" inward and Na + oufwurd progressively fails. A 
decrease in I K J ) t and'or an increase in (K 7 ) reduces 
resting membrane potential to a less negative value, 
which can lead to increased auLomaticity and eventu¬ 
ally impaired conduction and excitability. Inhibition of 
Ai Fa.se and resulting depletion of (K*^ are responsible 
for many toxic arrhylhmogenic activities of digitalis. 

The inotropic effect involves activation of aN* +j C#' H ' 
exchange mechanism through accumulation of ■fNa"). 


Baker ct al, (1969) demonstrated with the giant squid 
axon that an increase in (NaM t enhanced (he uptake of 
C4C + by a Na^Ca“ + exchange process. This mechanism 

veems to be operative m tMher excitable tissue* and has 

been evoked ax (he link between inhibition of NaMCa*. 

ATRase and digitalis inuLnufpy in lhe heart (Lunger 
1977), The sequence of events can be visualized to 
include the following progression: digitalis. interacts 

w iih and inhibits cell membrane Ma\K.*«-ATFaxc, out¬ 
ward pumping of Mu' is slowed.. (Na t ) i accumulates, 
increased (NVy augments transmembrane exchange of 
intracellular Na + for extracellular Ca + \ (Ca +B ) f is 
increased, and Ck*"* delivery to Lhe contractile prole ms 
is increased: thus the positive inotropic effect is gui ned. 
A scheinatie LhaL illustrates the domm-unce flf Na*-K + 
exchange in the normal state and the putative augmen- 
1 at ion of Na'-Ca/" exchange after inhibition of ATPase 
by digitalis is shown in. Fag. 23.6. 

Ca&DIAC Dltfi.I. Digitalis glycoside-* exen a funda¬ 
mentally similar action on the normal and failing 
myocardium, an increase in cofitmcLility. However, 
changes in cardiac ouLptU are influenced by the I unc¬ 
tion*! status of ih« cardiovascular system »ti the time of 
digitalis administratinii, 

NORMAL HEART. Output of the normal heart increases 
mmimally and may even decrease slightly alter treat¬ 
ment with digitalis (Braunwald I9H5 i. Total peripheral 
resistance is increa.*ecl by digilalis in the normal subject 
as a result of a centrally mediated increase in sympa¬ 
thetic vasomotor lone and direct vasoconstrictor effect. 
Impedance of the arterial circuit to ventricular ejections 
is thereby increased, which opposes the trend toward 
increased output produced hy positive inotropic 
response to the drug. Increased outflow impedance ami 
increased cardiac contractility tend to counteract each 
oLher, yielding liEEle net change in cardiac output in 
normal populations. 


FAILING HEART. The work capacity of the failing ven¬ 
tricle at any given end-diastolic volume Of pressure Is 
inadequate to generate a normal stroke volume (Fig, 
23.7). The eject ion fraction is diminished accordingly, 
which increases residual hlnod in the ventricle after 
systole iMoalic ei ah 199.1). If diastolic filling contin¬ 
ues at a near normal rate, the ventricle will dilate to 
accommodate increased end-diastolic volume. After 
digital i/atum, the above processes are reversed. Digi¬ 
talis-increased cunlraiiilc vigor oS the heart muscle 
augments work capacity of the ventricle at any given 
end-diaMolie tilling pressure,, a* illustrated in f ig, 23.7, 
where ventricular function curves, derived in the par- 
failure s-taie (normal) are compared with curves derived 
from congesti ve failure patient* prior to and after digi¬ 
talis therapy. Digitalis shifts the complete vanirtodlar 
function curve upward in. the direction of improved 
ocnNrwtijiiy (Muon 1973; Braunwald 19515). Systolic 
emptying is now tiki re -complete, and residual ventricu¬ 
lar volume is diminished. Cardiac output increases and 
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A NORMAL 

ExtraceNufar 




B. AFTER DIGITALIS 

Extracellular 


Digitalis 

Inhibits 


FIG. 23.6—Sdfcfntfk repfescnufliaft af a profiud nkxhanism for die puliivt inomplc ictian of cardiac gJyco&ideA. Inhibi- 
iimil uf Na“,K + -ATTusc {sodium |:^inii]H i hy digitalis results iii increased muauclluJaf eooeeniffiuons of sodium available for 
GKChanjse whfl eukimn. I leavy umm% designate lfur JniniiiLjivI palliway -ii-l am us.ihiinjte dun iit^ ncwinal CTWMliliHwns (A) ami 
iter inhibition by *Ligii;ilk nf MiMO-ATPs^ i (After Linger 197ft; From Poiier md Admix 1977.) 



ni if OHF 

Left Ventricular End- 
Diailalte Preimra 


HG. 23.7—Diafncimtk npneiUiDn of to ctufifra in 
I eft wnrtrictilar tilling influence cardiac output h\ ihe Frank- 
Skirling inuciianasifi m a normal heart ami ill a failing he ail 
'hr ton: and idler digitalis. The pul lit* N lu L* refNKaefli in 
icqw-rot: N A, iiciniui LjrdiLiu- uiilfiUL fa.IL u> A because of 
irnluil cnnlracl lie daprrssMai fmm uun^Mivu heart lailure 
iCMIr \ it, -hi 11 to higher wd- ili^Enliu II ICmgc and 111 us 
higher cardiac •nUptrl in anwd 'A ilh the Frunk-Slnrlmp law; 
B-C. increase in contractility nter ciigilalizalLofi: C-EX 
reduction in use of Frank-Starling comperrartKMi. which di^i- 
lahs aJIoftTi. S. B. and D: identical cardiac oupjt on the m- 
iiLral ejibs hit achieved it different end-dkaul il filling pees- 

■■iiie Lin the Itm/unl.il iiik Levels nf cardiac cMJLpuE and 

cxLlB&tdic Filling -wmiicd with signs of low output (eg.- 
fatigue I or CHF{c.j. t dyipn**, edema ) n lifnwn ted by 
the denied areas. (Modeled after Much 1973.) 


jiisofllK heart is rediired m ventricular filling volume 

b towered. 

Subsequent hemody namLc adjustments evoke other 
responses, that contribute to maintenance of improved 
cardiac output an Ihe congestive failure patient; e.g., 

sympathetically mediated vaMconstricticin and m 

nil end mg. increase in peripheral vascular resistance are 
already in progress in llitst; individuals sin pQirt of the 
cumpensauiy response to choir pathophystolugk con- 
dilkn; increased impedsuKc to ventricular ejection is in 

force, After digitalis. however, the pronounced ;mg- 

riicniLitsun of myocardial contractility and stroke vol¬ 
ume sei into motion a relies; withdrawal of vasomotor 

tone. Tins in turn evokes p er ip h eral vasodilation, 
reduced peripheral resistance, and diminished outflow 

Impedance. This, sequence of events continues in dom¬ 
inate as peripheral perfusion and tissue oxygenation 
improve, and it more than compensates far the direct 
vasoconstrictor effect of digitalis. The increase in car¬ 
diac output persists as long as the stale of myocardial 
compensation prevails. 

Cardiac Energy Metabolism, Early studies pro¬ 
vided evidence that the positive inotropic response to 
cardiac glycosides was unique, when eoutrasicd to cat- 
echnlarnine activity, because digitalis increased con¬ 
tractile Mrenfdl without a commensurate increase in 
oxygen consnmpiicin, Later studies with nonfaLLing 
muscle, however, showed that cardiac glycoside* 

increased oxygen consumption proportionately with 
increased contractile force (Ijcc and Klaus 1971}_ 
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PDQ . 23,S—The efforts IV tsuatain injection (tPtml dose 0,05 mg/kg) in on S-yeir-old. 20 kg mate Pointer with naturally 

nccnrriqgcoqptrvcheart failure. Following injection, mean arterial Wood pressure increased from 88 nun Hg m a maximum 
of 130 non Hg. and inferior Ten cava pressure fell from a control value of J50-140 mm water to a nkunun of 38 mm 
water; these changes stoned within 5 minutes after beginning dw ouabain LfijcLiiun ami reached a maximum -10-50 miirttuten 

po&linjL'L'tuMI. Fotkiwmg 1.1 rugg atfumlislrahmu ihure was also a maikcd fall iil ;i«.Ii l ii;i I cnrliLuslirnuit: and aldiisnemciL' wervlKiii 
I ("aqx-iflLT rt at. 1952). 


These seemingly conlnidiktury dUitai on be recon¬ 
ciled by comparing the cardiodynamka of digitalis in 
marmaJ and foiling heart s. Tin* heart with a normal ven¬ 
tricular volume responds io digitalis, with increase in 
oxygen consumption conimensti rate with increase in 
contractility. Increased oxygen consumption is the 
direct resulL of increased eontrartility. m accordance 
with the concept Ihai myocardial oxygen demand 
(MVt),) is influenced directly by the UlOtTOpk state, 
heart rate, and wall tension. Ventricular wail tension is 
directly proportional to venmcuLur pressure iind radius 
(teittMHi ** pressure *radius; Laplace relation); tension 

will (benw if cither pressure or radius is reduced In 
the tailing ami diluted, heart, reduction in cardiac %ize 

secondary to the inotropic action of digital i-. iherapy 
leads to a significant reduction in wall tension, which 

in tum kids io decreased MVO r 
That is. increased contrectilLty at •cofistam fiber 
length increases oxygen consumption (response of nor¬ 
mal heart); howiver, decreased fiber length reduces 
wall tension and thus oxygen consumption (response of 
diluted heart}. If the latter processes dominate enough 
in the failing heart to yield a net reduction in oxygen 
consumption in the presence of positive inotropic 

action of dip.ita.lis., Lhass agent can indeed increase 
mechanical efficiency of the failing heart. 


B-LOOD Pressure, Adjustment* in blood pressure 
after cardiac glycoside therapy are secondary to car- 
dlodynamic improvement in the congestive failure 
patient, and system ic pressure tends to normalize 

(Fig, 23-8* 

Cardiac Rate and Rhythm. The principal effects 

of digitalis therapy on liefirl rate and rbyihmidty in 
congestive failure patients are a decrease in sinus rate 
and a slowing of Htrimentrictilar (AV) impulse coreluc- 
lion. These resporitscs are pined by complex mecha¬ 
nisms involving; direct action on cardiac fibers- and. 
especially, readjustments in autonomic nervous system 
traffic to the heart (Gilli* and Ouest 1984J: Watanabe 
1985 ). 

S YMPATHETIC TONE, Reflex sinus tachycardia is not 
an uncommon finding as pari of the compensatory 
effort in congestive failure. Circulatory improvement 
after digiii;;iliii4i|ioij tends w remove the stimuli respon¬ 
sible for reflex iracremenls in heart rate, a I lowing 
^iritis rale to return toward normal. Thus slowing of 
heart rale by digitalis is mainly secondary to hemody¬ 
namic improvement and the resulting reflex decrease 
ill sympathetic tone and increa*e in vagal tone to Ihe 
hean. 
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VAKAL. DTPENMENT ACTION, The pun km of |Ik: digi¬ 
talis- injured decrease in he-urt rate .md slowing of -W 
canduciion that is blocked by ji rapine is referred lu l%s 
the vagal-dependent or l&upilK-KOlkive action uf Lhe 
cardiju glycofuki By releasing ACh. vagal dischuigr 

evokes characteristic cfFeeLs in ihe atria: flowing uf 
sirtus rate, tlcc reused action potential duration and 
refr,uclcwry period, and slowed impulse conduciiE^n. 
Cholinergic slimuluLion also slows impulse conduction 
in the AV node hut lengthens Ihc refracEory period, in 
this tissik:. Thus vagal discharge can slow sinus rate 
and exacerbate ytln.il tachyarrhythmias hot can effee- 
CivHrly slow AV impulse ccoJoctHM at the? same time. 
Digitalis, by evoking, vagahdependem actions. can 
accomplish similar effects. 

11k vagal component of cardiac glycoside -ncliiNi has 
been attributed Lo at least three mechanisms; direct 
stimulation of vagnJ centers in the brain, scnsiiizaCkni 
of carotid sinus hamneepun to blood pressure, and 
enhancemenl at ihe mgrocintial level of [he pacemaker 
response 10 ACh {Gillfft und Quest 1980). 

EXTKAVAOAi ACTIONS* Eslmigll actions are 
unmasked by precreacmeni w-idi atroptic or large doses 
of digitalis that overwhelm indirect (KfYHB system) 
effects, tn the atnopinized or dcncrvaced heart* llle abil- 
ily of digitalis to slow AV conduction is somewhat 
reduced compared to intact hearts. Duration of [he 
si trial relractury period, although abbreviated by vagal 
action, is actually prolonged by digitalis after atropine. 
Direct effects ore mediated in part by duroptioo of cel¬ 
lular electrolyte gradients a.s.soei.«i4ed with ATPase iuhi- 

hilfon. A pcHtiun l^K ihc nonvugfl] effort i 1 * reflected by 
Lin antagonism of the cardiac response to adrenergic 
slimulaLion: e.g., the I'uciJitalary effect of sympathetic 
siimalaiion M pacemaker discharge and AV conduc¬ 
tion is reduced in dogs by BHtyUigmii) (Mendez rt aL 
l s >6]a,b?. This activity has been designated as a *ym- 
[Hlholylic nr amiadrenergie ictke of digital is.. Para- 
doxically. toxic doses of digitalis may also ijvcteii-se 
sympathetic- nerve traffic to the IteflfT (Gillis Lind QueM 
1990* Watiuinbc 19*3), 

Bioelectric Chances m ihe-: Heart, as stated, 

the principal rhythm adjustments beneficial to the 
puLk'nL treated with digitalis arc slowing of sinus rale 
and AV CHducttOQ, which n nwdialcd by direct and. 
especially, indirect mechanisms. Direct and indirect 
cleetrophysiologic effects of digitalis can be demon¬ 
strated throughout Ihe heart (tlillis and Quc*i 19R0). Tn 
the following discussion and in Table 23.2, only the 
mure important aspects of digitalis-evnked actions on 
efectniphysioiogH: activities. of the heart are summa¬ 
rized. Remember I hat tlie punitive intHrupk response to 
digitalis cun occur before tnummfafflDe putential 
changes arc produced. 

EXCITABILITY. The reduced intracellular K fc und 
increased Lnirocellular Na' resulting from inhibition of 
Na\K # -ATFase yield a partial depolarization of the 


cell; ie. fi negativity of the «1 interior il diminished. 
'Hie resulting decrease in diastolic potential brings this 
value closer to threshold, thus tending to enhance 

excitability, increased excitability can be observed in 
atria und ventricles with u small dose of digitalis; how¬ 
ever, excitability becomes depressed: with progres¬ 
sively larger amounts of the drug as diastolic depedar- 
iudu progresses beyond a critical limit. 

j AliTOMATICVTV. Pacemaker cells are characterised by 
plkiM: 4 spontaneous depolarization, which lowers 
diastolic putential to Ehc threshold potential required 
for activation of phase 0, thereby Firing automatically 
|scc (’hap. 24}r Therapeutic doses of cardiac glyco¬ 
sides produce a decrease in [he slope of ipontmut 
depolarization of the smoalrial paceitiiiHx which 
yields a reduced tiring rale. This effect, however, is 
secondary to increased vagal tone and decreased *ym- 
pvdielic (one, A fie r p re t real me n t with atropine, or with 
reluLively high doses digklU^ (he KHVlgll effects 

dominate, and ?n inenw ill auftOOkatkity is observed; 
this response is prevalent in tlte specialized conducting 
Systems of atria and, especial I y, vwtrkkft. A typical 
transmcmbranc potentiat rccurLUnp nf \\ siLhsidiaiy 
pacemaker celt pnor to and after digitalis i\ shown ill 

Fig. 23.9. 

Increased uutomadcity evoked hy cardiac glyco¬ 
sides is due lo an accelerated rale of spontaneous 
dkttolk depolarization lE’ig. 23,9}- The normally 
latent pacemaker activities of cells within Ihc vemrie- 
ulor conducting system are thereby magnified, lead¬ 
ing to ectopic ventricular hcais as an infiponaiK early 

sign of digiLalis l<3s.ic;ily, Ip ^E^nlrusl, mp^'le fibers in 

atria Uhd vntfklb can be depolarized to the extent oF 
inevitability wiihoul JemonsLruting sfHmtaneuus 
impulse general ion. If exeiiabiliiy of vntrkultf mus¬ 
cle falls below normal coneomilantly with increased 
freijiRmcy of ecLopic impulses from specialised eon- 
duftion fiber?,, the tendency for ventricular fLhfilldiioh 
I® promoted. 

The clinical significance of the unusual “delayed 
afcerdupulurizuLkins-' 1 dial can be seen with digiialis 
toxicity is not completely resolved. These secondary 

dcpolari7jatinus of the 1 rans-inembroite powmioJ initially 
ore suhrhreshoUt and appear spootanwualydunng dias¬ 
tole after a usual nciion potential. The ufterdepo-larina¬ 
tions can reach threshold as toxicity worsens; [he 
resulting exCrosysluJes cunUihutc to ectopic arrhyth- 
nitiis awnrioled with digitalis intoxication. 

IMPULSE CONDUCTION AND RfiniACIORY PERIODS. 

Cmductia in airial and ventricular rmvfl* flben may 

he enhanced slightly by Lnw (.loses of digilalis if 
excitability is increased. However, the dominant cffecl 
ot digitalis tin impulse cufuluctmn is to slow conduc¬ 
tion velocity by both vagal and nunvagat mechanisms.. 
This response ^ purlieu Inrly prevalent in Lhe AV traiis- 
mission system and contributes importantly to the ben¬ 
eficial effect * of digitalis ill cortErolling venLricular mte 
during atrial fibrillation and flutter. 
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TABLE 2 k U—CKurwulenNlk iffects of digjtuliv on drcl rtiptiystok i-kk properties of the iNrorl 


Ekcuophy suriogic C ardiac 

property region 

■■ 

Aiiiiirnniicily 5A mule 


Alnul speL'iuLi/ifd. 

l iiiidixl]il l' fibers 

AV junctinn liv-uus 

Purkinje Fibers 

Atrial mikI 'i l'iiIj iluIiJI ruust lc 


ExciLahihLy 


At nal mid ventricular ciHIst le 


Purkinje fibers 

CoftCtorticRi Alrial Lindi urn Locular iniiNi.be 

AV jgiKlwsfiol tissue* 

Purkinje (fibers 

Rdicfinim Atrin 


Vhririck 

AV jyiHiRHial ensues 


J^jcfeinjc lll'O v 


Note SA * % inn art rial; AV s wfrKnvnRrigukijr, 


Effects 


R«pon*c 


I fccrcrar.s as ■ refill ul vugal- 

dL-pcnikm action jiiJ 
sympulliif withdrawal imay 
brans atier otmphira) 

Lildo change; ineruuNes *a irlk 

totudly 

Variable; mercies v, ilh 

bgff draw 

wHc; nanan ivilti 

bu^er due* 

Usually little duuigL*. rarely 

iKRHH with loak duifeV 

Variable. progressively 
farnn ^*!ti liirpr (knes; 
severe deeKW w mi mkiiy 

Variable, progressively decreases 
with luipcr dom 

IrifrfLLvfs slightly; decruuse s 

watJh larger doses 
Pwnmp as a i&jliIi irf wf|l> 

dependent iHkliofiNr 

pn. y^rni v.tv l’L\ decrease* 

with toxicity 

Dkrw; further dCCRHC 
with miieiLy 

DtiCTHKa It ?! reuilt of VtpJ- 
dependml kIhvh; 

4 ineruuNe a Flo atropine) 


IfKfHBfi its-a fevull of HJgul- 

itpcufkini JKrlinns 

LneiKitict, pnoiulitl) 1 
dcowH with larger doses 


iXeicuNcs sums rale 


111 l ir£avc ^ cclupiC pKCtnim 


hiL-TL-isim AV JUiKflidfllJ 
rhythfiiN 

In£i™& wtapk p&cenuken 


FtmuCflfi jlnal fibnlluLiun 

Dumsw i^nlne ulur rule 
III atrial fihriSliHwHllAV 
bkiei 

IVn mi lies venlxifuLir reentry 
iurnih of arrhythmias 

PknfTtute alnal libnl latiura 


From reentry forms of 
ArrhythmisiN 

Contribute to vermicular 


fibrillation: AV block with 
P iwi reentry fom of 

arrhryLhfniiis 


Rjefiactory periods also arc Influenced by cardiac 
glycosides through direct and indirect ifK^hanivms. 
Vagsil-depcndcm actions, in the intact animal shorten 
Ihc refractory period of atrial fibers, which lends to 
exacerbate atrial fihrillatory rhythms. In contrast,, the 
refractory penod of the AV condiaCbOO System is pn> 
lunged mujkedJy by the vugiil mcchjnivms. L%ilatis 

shortens die refractory period in the ventricle, which 
contributes to reentrant arrhythmias (Table 23 , 2 ). 

Combined Burners during Atrial Fibrillation 

AND Flutter. Inuring atrial fibril] art ion. the ventricular 
lute is rapid iukd dysitiythnifc as, a result of rapid huf irreg¬ 
ular transmission of impulses through the AV node. This 
contribute further in heart future syndrome by praiwt- 

ing incomplete ventricular filling and ejection. Because 
digitalis prolongs lire refractory period and delays 
impulse conduction through the AV junction, the ventri¬ 
cle will be bombarded by fewer impulses effectively Lm- 
versing tile junction. Thus the wntriculdr rate is LiJ jui^led 

to i riewer, move phyuedogk htl (Meijkr 

Similar hencfiLs are gained during atrial flutter. Digitalis 
c-iin convert ihis rhythm Id atridl fibrillation lor increase the 


frequency of tie Latter) by ^-depeAtkn medianism 

evokine a reduction in the acnaJ refractory peritri. Veniric- 

idarrate still deceased ifeiwe^-er, thmugfi pndonged AV 

refractoriness and slowed impulse conduction. Convention 
of ;jinal flutter to tlhrillafUoo by digitalis is viewed (jpti- 
iTkisticitily Ixx lujsc ventricular raLc is controlled more e-u.s- 
ily during fibrillation thun during IIupIIlt 


Effects on the Elecir^ardicxjRam, The mulii- 

plidiy of c kctr of ihysl oiogjc dfrcu of cardiac glyct> 
sides in tnyocaidial iinu« can N? etpernd m equally 

complex chuages^ in the elcclnKardiu.giwn (EGG). 
Mcwi types of conduction dislurbances and dy^rhyth- 
miii> detected in diseased itniriuih on he repruducetl in 
normal individuals by the caidiai: gJycnsides, Most of 
fhcMF changes are nmre important to diagnosis- of digi ¬ 
talis iDxiensis ihan to therapy; 

Congestive failure patients with sinus tachycardia or 
other supraventricular tachyarrhythmias usually 
demonstrate return toward more normal EGG patterns 


after digitalization. Rapid ventricular rate associated 

with aerial HhrilLitJcm or Flutter should he reiiueed 


as the AV depressing aciion of digitalis is. lYLanifesled. 
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RG U.9—EUctrojhyikrtofir ftflkb of dig iuil is un tnu- 
inemhruni: i^itcnth of a sObM-diary (HcmdUr ceE- Digitalis 
fid < lee ream (lesf atfKrVf) ch* mimnniii rijHMtk prwrtiil, 
#j tkuLni the nutfimal rwc ofikfnWadin of ptirar 0. 
y ■ nd(f) enhances ■rtfimrirky by inwii ihr -dupe 
ofphw 4 ^ooliMm «k|>Huri3fJihw (d) and ifrj lead to 
ikcreiwd CDadadian rekicitv and. in u l> njur^ a e iom with (rjt 
can le-td [ii arrhythmias of both ;n!puIw lun'ilLaliuiii and 
impulse CODdKtkML IN-1<»dL-lud alifi MiULHh l‘I »il. 1471.1 


Ptofcnged PR. intervals. reflecting delayed AV conduc- 

LiihL. -aft" rti IsilivirLy ciHlknluil BOG features lhT dijCLUdififd 

dofL OoowKly, a lengthened PR interval is not nec¬ 
essarily a prerequisite for the therapeutic response. 
Some cartlmtogivLs txUeve that prolongation of the PR 
interval tan tv a borderline sign of digitalis toxicity 
(TUtey 1979*. 

Different types ECG abnormalities tan appear if 
therapcul it response todigiisdis dcjicncraics into idm* 
kaiion. The following: progression of ECO sign.% has 
been rccL^ni/cd as evidence of dittos in action 

(Del wcilcr 1977): (3) ■signs Ottttkxitlly observed in 
normal dogs but also tlwiTiitlerLsLk" of diguxin effects 

(first degree AV block or AV block with dropped beatsX 

( 2 ) signs unlikely m occur sponLaiuNiu^ly in normal 
resting dogs t sinus bradycardia less- than 5 Ct beu.ts/min 
or sinus lachycatdia exceeding 2 CK) bcatVmin^ and m 
\igns- not occurring in normal dog* lAV dissociation, 
paroxysmal tonal tachycardia with or wilhoul block, 
ectopic atrial heats, fusion heal.\, intraventricular block, 
or ventricular ectopic bob). 

Kidneys and DflJMSU. Compeltwnry iDedwilau 

Ihal participate in an attempt to restive hk*pJ How in 
congestive failure include reflex locRices in lympt- 
ibelie v«BOC4«trktor tone. Arteriolar constriction in 
the kidney fa pcfticuhrly crucial because diminished 
renal Mood flow redacts ifomenlar filtration rate, 
resulting in sodium and waller retention. Renal under- 


peffutiofl ulso ucli vales a kidney -depcimient hunwral 
mechanism lhal further promotes wilt and water reub- 
sorption. This sequence nWOlvts the following progres¬ 
sive pathway: diminished cardiac output, hypotension, 
tumrcccplor rellcxcs-, increased sympathetic activity, 
renal arteriolar conslriclion, reduced renal flow, release 
■of renin, increased formation of angioLcnsin. increased 
release of aldosterone. sodium retention, walcr reten¬ 
tion. und blood volume expansion. 

Increased bkwd volume tends to increase cardiac 
GUlput; however, u detrimental consequence id 
increased interstitial fluid volume, which promote! 
•edema formation. As hlivod volume expands and 
intravascular pressures increase, likelihood for edema 
increases proportionately,. Edema forms in the lungs 
and more peripheral tissue respectively if left and right 
ventricular failure progressively worsens. 

After digital ir.aLion, Ihe above processes are 
reversed. Reflex vuocoulrictkH withdraws as cardiac 
output and bemculynanncs are impncwed: renal blood 
flow and glomerutar filtration rale increase and stimuli 
fw increased idott of aldosterone are diminished. A 
remarkable tall in aldosterone secretion can be meas¬ 
ured alter digitulination in the dog with naturally 
occurring CMfettive failure ((Fig. 23 , 8 ), I : 'i ■ ■ iu lU ure¬ 
sis results ns snlt and water retention by the kidneys is 
decreased. Diurcti.s and a lowering of capillary hydro¬ 
static pressure move Eis.vuc water from the interstitial 
compartment into Ihe vascular space, providing, relief 
from edema. Diuresis is nut a prommenl feature of 
digitalis Lherapy if edema dues not accompany the 
congcslivc failure syndrome. Similarly, digitalis does 
not mke dvtrcii& if edema is not cardiogenic. Thus 
the diuieLic response Up digitalis is >ecoradary In circu¬ 
latory improvemenl and is mu from a direcL effect on 
the kidney. 

lAlracircuh-iLon llffeets. Cardiac glycosides can 
affecl cellular functions thcouglHtot the body, appar- 
enilyby inbibiung Uk ibiqdbHir Na'.K" ATPiuc; e.g. B 
tlh 1 ^ agem% cun affect skeletal muscle fancciuit, thy- 

tlhiI gland Kttvify^ hemaioluigic parameters, and 
numerous or her funcuons. Such activilm arc believed 
to have little therapeuhe importance except fur overt 
toxicosis und generally require quantities of the drug in 
except of those ihai xhuuld he ^ministered. 

\bmiting reactions after digitalis are due mainly to a 
central action and occur even aficr parenteral adminis- 
tiaLion in ihe eviscerated animal. Berth the cheimireccp- 
tor trigger /one and the medullary emetic center seem 
to he Involved; local irnlatum of the gastric mucosa 
also may parlicipalc in the emelic resptmse alter oral 
administralion. 

Administratiuii of a wbtibCfipeutk dikw; of difftalif 
through a catheter in mh renal artery results in Milium 
and water dJuHffl oily in chat kidney. This and other 
Tclitlcd findings were interpreted as evidence lhaL 
N^JCMTPin ii involved in unite concentration 
ntechiinisms and that by inhibiting Ihh entyme. digi¬ 
talis could evoke a direct diuretic el feel on the kidney 
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(Robinson 1912 ). However, this experimental observa¬ 
tion is believed to be uruiqportant in relation to diure¬ 
sis. achieved by circulatory improvement in congestive 
failure patients after effective digitali/ation. 

Phurmm'okineiirs. In general,. absorption across bio- 
logic BiK. j iifchnmpev and the extent of protein binding and 
tHDtnnfforiMioi) of the individual glymida are 

related directly In their lipid solubility arid clius 

Inversely to their poJtrity The number of hydroxyl 
groups on the steroid nucleus basically determine* 
polarity. Digitoxin has only one steroidal hydroxyl 
group and is therefore relatively nonpolar, ii is well 
absorbed after oral administration, is highly bound k> 
plasma protein, and undergoes metabolic degradation. 
Digoxim, with two hydroxyl groups, is absorbed some- 
what less effectively than digitoxin;, the former also 
undergoes leu protein binding and bintriufefonifiatiftii, 
Ouabain, wilfi live hydroxyl groups. is ahsurhed ineffi¬ 
ciently acmffi the gastrointestinal (Gl) mucosa; it is nut 
bound extensively to plasma proteins and is excreted 
unchanged by Che kidneys (Mar and hnh 197.5), 

The small intestine is ihe principal s-ile of digitalis, 
absorption after oral udiniflisEralmn,. bul the rale and 

extent of this proem vary with different compound* 

and their iViniiulaLinns. Ouabain is absorbed ineffi- 
ciently after the oral route* only 5-10% in dog* and 
cals. Absorption of digram and digitoxin alter oral 
administration of an elixir usually is uniform. up to 75- 
90%u with peak smim coTRenlratterns attained in 45-60 

minutes (Krasula et al. 1976). The peak serum value i* 
smaller and occurs somewhat taler (90 minute*) when 
ihc tablet form is used. Depending m site pbarmaceuli- 

cal mcikd> used in formulating lahletH., ahsoiptioni of 
digitalis glycosides can be erratic and inefficient to ihc 
extent that therapeutically useful serum ponc w i ia tifong 
ire not gained, 

After IV udnimistriilion. ihe maximal positive 
inotropic responses to digitoxin and digram were 
obtained within 60 minute* alter injection (Hamlin cl 
el- I97ly There i* w initial fid) in scrum coth^irasiun 
5is the drag mixes in the valvular cumpartownt and dis¬ 
tributes through the tinwr; a exponential 

decline fallows. Biologic half-life value* for digital i* 
glycoside* in dogs remain souwwtiat uncertain because 
of variable results obtained from laboratory w labom- 

lory and even within the saute rate- Rreznock (1973) 
reported Lhat the plasma half-life value: for digoxin and 
digitoxin iiu 38,9 houn and 4B.6 hours respectively. 
In a later study. Braznock (1975) reported aEmiw-l the 
opposite, 55.9 Ituurv for digram and 57.9 hours lordig- 
iioxin. Other approxiiiiaie values, include digoxin, 27 
hours i Harr ct al. 1972). 50 hours (Hahn 1977), 24 
hours (Doherty 1975s. and 51 hours (De Rick <et al. 
197*); digitoxin, 14 hours (De Rick el al. 1978). and 21 
hours (Bock 1969). Differences can be attributed to 
analytical problems, perhaps, hut remarkable inlerpa- 
tient vjriabilily is also observed; e.g.. the half-life for 
digi ix in in dog* after therapy for 13 days varied from 
14.4 to 46.5 hours (Pc Rick et al. 1978). These vari¬ 


ably strengthen Ihc need for adoption of individual 
dosAge regimens depending on the pattern's. response. 

Approximately 70-90* of digitoxi n can be hound to 

plasma protons, whereas digram i* bound perhaps 

25% tBireznock 1975). There is some bint ran* forma ■ 
lion of digitoxin by the liver, whereas urinary excretion 
seems to ix- the more important route of elimination for 
digoxin, Digitalis glycosides and their biotraitsforma- 
linn products can fdltw an etvterohepatic cycle in 
which compound & are excreted by the liver into bile 
and some parent glycoside and metabolilc* are xutac- 
quenlly reabsorbed. The importance of this, cyclic path¬ 
way varies from one species to another. In humans, dig- 
i toxin undergoes, relatively slow hepatic 
biotraneformalion and is extensively recycled and 
slowly eliminated by both renal and biliary routes; the 

plasma half-life may he as tong as 5-7,5 days. Digoxin 
undergo^* insignirVanl mctpholiain in humans utid is 
minimally recycled and eliminated mainly by renal 
excretion; the half-life is generally 1.5-3 days. In dogs, 
Krth digit*in and digitoxin undergo some hepiilk hio- 
LratisIVsTWiation, but thekrecycling is less important and 
Lheir biologic half-life value* are shorter than in 
humans. 

Cardiac glycerides are not concentrated selectively 

in the heart but sire distributed in numerous organs, 
Highest cuncentralkins, iis with ninny drugs, ure found 
m excretory tissues such as liver, bile, intestinal trail, 
and kidneys. Moderate cMteenflratkm* arc localized in 
lungs, spleen, and head, while lower GOocenUntioiB are 
found in blood, skeletal muscle, and nervous system, 

l>i ^itolis Toxicity 

PlJiSMA CcSNCF-NTRATIOHS- Development of an 
accurate radioimmunoassay for measuring quantities of 
digoxin and digitoxin in biologic fluids is an important 
advancement in Ihc Heldof pharmacology. The clinical 
appl ication of thi s method permits currelaritHi of serum 
concentrations of the drugs with therapeutic or loxie 
effects (Haber 1985), 

Digitoxin plasma coneenlralions of 14-26 ng/uiL are 
considered to be within the therapeutic range in 
humans, whereas values higher titan 34 ng/nUL are con¬ 
sidered toxic. Therapeutic cunrenl raltonrs of digitoxin 
in dug* w itli spontaneous cardiac failure arc nut avail¬ 
able. kit values of 26-7“? ng/ml, arc associated with 
signs of toxicity; plasma cofKefltrwiufi* less ifion 15 
ng/ml. are itofWUXie in ilirfmal dugs. In himiimK, th$r>i 

peoiac and toxic plasma ewteentration* of digoxin usu¬ 
ally are set at IM-L& ng/ml. and greater than 2,4 
ng/mL rcNpeclively (Moe and Fanih 1975}. Similar 
number* have been derived Irom Eludks w ith aiumais; 
e.g., digoxin plasma, concentrarions of 0.5-2 ng/mL 
were nunlOkic in horses (UullAn el al. 

2.3 ng/ml. were not toxic in cuts (Erieksen et al. 1980). 
Plasma dignxin concentration* up n> 2.5 if/mL were 

reported to he essentially non cox ie in healthy dugs 
and in dogs v. iih spontaneous cardiac failure! impur- 
lajltly, values from. O.H to 1 3 ng/mL may have heen 
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thcrapculLcaliy eifcctiwe in the latter gmgp, Conccntra- 
Lions of digoxiin greater than 2.5-1 ng/ml. were a.vm>ei- 
aled with iik; reaped probability of toxicosis in these 
animals (Dte K ick ct ah 1978). 

The acute toxic IV clnce of digosin in dogs was deter¬ 
mined in one study as approximately 0.177 mg/kg 
(Heck l L >69). Subacute digoxin Luxitmis could be 
induced and maintained in hcallhy Beagle dogs by an 
IV loading dose of 0.125-0.150 mg/kg given in incre¬ 
ments at 0. I, 4 P and 24 hours, followed by a daily IV 
mai ntenance dose of 0.015-0.025 mg/kg (Fillmore and 
Delweiler ]973: Teske et if. 1976). Signs of loxicily 
were generally mild or absent when scrum digoxin con¬ 
centrations were less I ban 2.5 ngy'mL. Moderate Mgraa of 
intoxication were associated with concentrations of 2.5- 
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6 ng/mL. whereas severe toxicosis and some deaths 
occurred when levels exceeded 6 ng^mL. 'ITie highest 
digOiin concentrations were associated with mild 

hypothermia (£1.6-1.7“ C reducl ion k increased blood 
urea nitrogen (BUN)* and increased serum crealuii rue. 
The unexpected increase in serum creatinine and BUN 
concentrations was interpreted as evidence llhat digoxin 
toxicity compromised renal 


Clinical Sk;ns. DigiLahv intoxication is chunjeter- 
kned by several clinical signs varying from mild Gl 
upset to chronic weight loss and lil'e-fhreatenmg 

tirthylhrnias (Detweiler 1977; Tilley 1979). Initial 

anorexia and loose stools are common side effects; if 
ihey da not progressively worsen, si reduction in duse 

may not be neces^iry, Vornitiiig after IV administradon 

of cardiac glycosides is a relatively common reaction 
and usually not cause for alarm. Vomiting in dogs 
receiving oral dipiialis preparations, is viewed more 
sainusly. especially if protracted diarrhea is an accom¬ 
paniment; lhe*e- individuals should be exammedi for 
additional evidence ul loxicLty. Gl disturbances are cer¬ 
tainly troublesome and may debilitate the patient: how¬ 
ever, Lhe lethal outcome of digitalis intoxication is due 

t£] cardie anhyihuihtt. 

A variety of abnormalities ca.ii appear in the ECG as 
digitalis toxicity develops, The reduced sinu* rale and 
slowed AY conduction attained with digitalis therapy 
can progress tn incomplete or complete heart block 
with dropped beats and ST segment changes a^ intoxi¬ 
cation supervenes. AV block in lum may progress to 
junctional escape rhythms and ventricular premalune 
systoles, [fan extra QRS complex recurs alter each reg¬ 
ular systole, then digitalis has evoked yenlricular 
bigemmy (coupled vefitncular synoles), ^fllrkvlar 
bigeminal rhythm can appear prior to. wilh, or after 
development of other arrhythmias that may he assoc i- 
*ned with digitalis intoxication. Paroxysmal ventricular 
or atrial tachycardia with blivk and multifocal premia- 
lure ventricular systoles are further evidence; of serious 
cardiac disturbances, (kcurremrc of these Or any oilier 
important ECG abnormalities necessitates complete 
wiltidrawal of digitalis therapy; trcatiiiem w ith smaller 
doses should not be instituted unlil the ECG is free of 
such airhyLhitiias. 


Large therapeutic and toxic dishes of digitalis drugs 
have been associated with various neuiologk diitoir- 
hanees in humans, including central nervous tys&tm 
depression, ataxia, psychotic episodes, menial confu¬ 
sion. rejiftessiKsss, hal hid nation*. delirium, and coma- 


Thcse problems are nnt commonly defected in di»gs 
receiving digitalis, but their presence could be masked 
by Lhe gene rah zed weakness and malaise that may 
accompany cardiac toxicity. 

Species dillerences in sensitivity lo acute loxic 
effects of digitalis glycosides were reviewed by 
Detw-eiler {l%7). The relative median leltiaJ dose in 
several tpecks, taking ihc ait as unity, are; eat, l: rab¬ 
bin. 2i various frogs. 28; various load*. >400; and r&X, 

671. Resistance to digitalis loxieily seem.** to reside in 
the heart and may he a reflection of lhe relative sensi¬ 
tivity oi the Na^K-ATPase to glycoside inhibition. 


Electrolyte Involvement. Cardiac tox icily of 

digitalis is affected by availability of etactroly&es, espe¬ 
cially K’ and Ca‘h Potassium has considerable influ¬ 
ence on arrhythmias and conduction disturbances 
evoked by digitalis but less effect on inotropic activity 
of the drug, In essence, reduced K* potwliats digitalis 
arrhylhmogenicily, whereas excess K' antagonizes 
arrhythmogemc activity. The indarrhythmic activity of 
K + in digitalis intoxication is probably related Co direct 
dTeets: of K* and m inhibition by the cation of glyco¬ 
side binding to the Na*JK + -ATPase, The imnivelluliir- 
extriM:ellular ratio of K + seemv Co be a primary delermi- 

lutnt of the inceryeiion between this ion and digiutlis 

rather than intersaidal etmceniratinna of K" alum:. Oig- 
ikiiis-induced dysrhythmia can ckclit in ihc presence of 
nnrmal K' plusma eonccnLratinfi bevnuse of the inlra- 
eelluLir depletinn of th is cal inn that accompli nies, 
Na%K B -ATFitse inhibition (Rosen 19S5), 


InLoxiejtion with digitalis can be previpiLated by 
intervals of hypoxemia, hypomagnesemia* di-dur- 
baraces in add-based balance, and hypercalceniia. Dig¬ 
italis emdiaC toxicosis pixwokoJ by hypos ia ami neickl- 



sis may be due in part to further depletion of 

K + . Hy[iokatemLa can he secondary to mab 
Jiuirilion, corticosteroid therapy, hemixlialysiis, and toss 
vigoniuh use of diuretics that do not spare K' . Ail these 
factors should be considered when a differential diag¬ 
nosis is made between an absolute digitalis overdosage 
and a relative overdosage caused by K" diMurbanue^. 

Cardiac actions of Ca’ + 4ire similar ill certain ways to 


those evoked by digilalix in (hb tissue, and there is eon- 
n,iderable etmeem hy elinieiians that excess Ca" aug¬ 


ments digitalis intoxication. In canine experiments a 
synergistic or additive interaction between Ca** and 
digitalis could be deumnsiralvd with Kfflcenmatmnsof 


each iLgcnr that were toxic w near toxic even when 
given aliiiic (Lcwmi ei al. t%0). In an cJfnrt to exploit 
Ca + "-digitalia interaction, Ci^ chclaiang agents such as 
cihylenediamiineteLraucctic acid (LDTAj and sodium 
eiiriule have been used to lower serum Ca 4 * and thereby 
concml digitalis-induced arrhythmias. Whether the 
anlianfiythuiic actu.ni of delating agents under these 
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circumstances arc specific or npnspcdric remains 
unclear. 

The divalent aikw magnesium (Mg 1 *) depresses 
wdisr CMJtrwrtilily and excitability when prcse.nl in 
excessively high canciaitFfllicwis. This substance has 

only a transient and inconstant protective effect against 

digitalis arrhythmias, hmi there is some evidence that 
Mg ++ dcpJclkm may sensitize the he an lo cardiac gly¬ 
cosides (Lawn ct al. I960). 

Treatment. A lihnugh ruLlioimmuniMssiiy leehnitpes 
can distinguish obviously subiherapcufie find toxic 
plasma concentrations of digitalis,. a?nsiik;r;ihk over¬ 
lap occurs; a ihcrapeutic coflcenirHiwi in one patient 
may he Untie to another. Clinical experience and judg¬ 
ment must still he exercised when digitalis intraiciiiiuit 
i> differentiated from exacethiiiion of cardiac failure 
with, ils attending dysrhythmias, 

When digilalis intoxicaEion is diagnosed, the first 
procedure is to withdraw glycoside therapy; I he 
patient’s progress should Ad) be followed closely 
with frequent FCG tttonitoring, These conservative: 
measure* in eoaijuiKiiion with Cage rest often are e lTec- 
livc in controlling cardie arrhythmias and other signs 
of intoxtcatkHK appropriate therapy should 

be instimled if arrhythmias worsen or fail 10 revert 
spontaneously. 

Potassium chloride i KCI) ha* been administered in 
an attempt In increase plasma K a coiKWtraiions 10 
upper limits of the normal range and thereby suppress 
glycoside arrhyLhmias. Conversely, if plasma K* is 
already high in the digitalis-intoxicated dog, adminis¬ 
tration of exogenous. K* cun actually cause further deie- 
rii’Hral ion of FCG patients. Obviously, considerable 
care should bo CMIticd when K“ therapy in employed in 
managing digitalis loxidly. Iri dogs, the dosage sched¬ 
ule for KCI has indllddd 0.6-1 g Orally as the initial 
lU’isc, followed by 0,34X5 g every 1-2 hours for 2 doses, 
and continued lit 4-how intervals as necessary to con- 
Irol arrhythmias (Dcfweil&r 1977). Slow IV infusion of 
KCI w ith frequent monitoring of the F.fG and serum 
K' concentrations may he attempted {F-tLinger and 

Surer 1970). However, too rapid an infusion of potas¬ 
sium wilts may precipitate other arrhyihmia.s, including 
ventricular fibrillation. 

ChniesivftiMiiu' Mf.vin, USP, an exchange resin 
that hind* glycoside within the digestive trad; it has 
been used experimentally in anempts to inlemipt the 
enteneshepatie cycle end thereby hasten diminution of 
the digitalis compound. The use ol specific ajiLiglyco- 
sitle antibodies. is another therapy (Huber 1985; 
Kuuwiki ct ad. 1992]. Agent* such us Mg**, pro¬ 
cainamide, quinidme. liDTA, sodium cilrate, saturated 
lactones, and salts of canienoale have received little 
clinical use in animals. Of the uniiarrtiy ihmic agents, 
lidocuine, pnipmnaluL und. especially, phenytoin. are 
the most useful in eofrtrotlliiig digitalis-induced arrhyth¬ 
mias i see Chap. 24). Atropine niuy be helpful in cases 
with severe sinus bradycardia. ]n the presence of AV 
block, uilttuprhvLhrmc agents and K" therapy slum Id be 


avoided, Use of antiarrhyshmie interventions » that the 
dose of digitalis can be increased in the hope of attain¬ 
ing a larger inotropic response is dangerous and unwar¬ 
ranted. Quinidint: may actually cause an increase in 
plasma. cwncenlratkinsi iif digram (sec Chap. 24). 

Therapeutic Indications fur Digitalis 

Congestive Heart Failure. The most important 

indication for digilalis. therapy in veterinary medicine, 
Us in human iwdidiK, is ccmgesliw heart lailurc. How¬ 
ever, while there are considerable data available from 

experimental studies in animals and clinical studies in 
humans, there ms remarkably Jess informal ion about 
dmical use of digitalis in animals w ith s-ptmlancous 
head disease. Accordingly, controversy exists relative 
to the actual survival benefits of digitalis glycosides in 
the long-term therapeutic management of cardiac dis¬ 
ease in animal patients (Hamlin ct al. 1973: Patterson 
et ai. 1973). Nevertheless, many, if not most, clinicians 
and cardiologisls believe firmly that digitalis remains, a 
mainslay of therapy lor congestive heart failure 
(Hraunwald I9R5). 

In a sLudy of 10 large-breed dogs with idiopathic 
congestive cardiomyopathy, Kiukson ct al. { |.9S5aj 
reported that only 4 dogs showed echocarcltographic 
evidence of a positive inotropic response to digram 
(0.22 nJLg/m 2 body surface area, twice a day). The aver¬ 
age survival Lime for the 4 digoxm-re^ponsive patients 
was- almost 10 nwinlhs,. and 3 of these lived for 2-7 
ytiirs. Survival time of the 6 nonresponderv ranged 
only from ! to 12 w-^elis. These Mudies suggest that 
only a portion of large dtags with eongesiivu euTdisjmy- 
opalhy respond to digOS ill but that survival may be pro¬ 
longed in this mfrm of purients. Altemaiively, as the 

authors point oul, perhsips the 4 responsive dogs, simply 
had reversible heart dis^axe and with the aid of digram 
Lhenapy reverted to normal function. Tlic^e types ad 
clinical pharmacotogi^ studies are needed in sclerinary 
medicine, and they Should be expanded to include 
larger numbers of patients and drup withdrawal study 

periods. 

Cardiac glycosides are indicated in congcstjw fail- 
tare irrespective of whether il is predominantly of Ihe 
lift ventricle, right veriLncle, or both. Heart failure 
resulting from an absolute or relative chronic overload 
in which the supply of energy to the heart is uncom- 
promised is especially respOlflAive to digitalis therapy. 
These lypes of problems include valvular lesions, 
hypertenston, passive outflow Impedance (e.g., dknafi- 
lauiflsis), and idiopathic dilated e^fdioniyopaLhy. Car¬ 
diac dysrhythmias, can affect the response 10 Uigilalix 
glycosides, but they do not alter Ihe indication for the 
drug if congestive failure is present. 

ATRIAL Arrhythmias.. Digitalis often is considered 

the most useful drug in treatment of atrial fitwillalion 
or flutter, whether or not congeMive heart disease is 
present. However the drug should not be employed 
for abolition of the arrhythmic pattern. The §oaJ of 
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digitalis therapy in cither of these state*: is to reduce 
ventricular race by slowing AV conduction, eliminate 
the pulse deficit if present. and improve cardiac effi¬ 
ciency (Meijler 1989). Subsequently, qu-inidine can be 
used to abon atrial d^chythinto, (However, see Chap. 

24. )The potential involvement of Litem cjt hidden con¬ 
gestive heart failure in paihogenesis of atrial fibrillation 
in some animals should not be discounted; the benefi¬ 
cial results from digitalis in timing what seems, to be 
uncomplicated aLrial fibnllaLion may well involve such 
eomplex.ittes. 

PROFim.ACTic DiCjITALIZATION., Digitalis- pretreat- 
menl may be of some value in patients scheduled for 
unusual cardiac strain. as in open- heart surgery, if there 
is evidence of reduced cardiac reserve. Ex p eri menta lly^ 
the positive inotropic effect of the drug provide* seme 

protection to die heart against depressant effects of 
anesthetics. Early studies indicated that prophylactic 
digitalization peotected dogs from myocardial weaken¬ 
ing in experimental h em n ha gic shock and thus pro¬ 
longed survival time (Braunwnld and KiUer l%4>. 
However, routine clinical use of digitalis in such situa¬ 
tions is not recommended and actually may he con- 
[raindicaJied, As stated earlier, digitalis therapy can 
cause peripheral visocoAdrictifli in the normal patient 
without congestive failure iyndrome, Splanchnic arte¬ 
riolar constriction can intensify tiawe hypoxia in 

shock. An obvious major hazard of prophylactic ther¬ 
apy with digitalis is Inadvertent attainment of intoxicB- 
tion rather than digitalization. I n most situations, there¬ 
fore, digitalis should he reined for therapy of 
congestive hcan failure and should not be used in 

attempts to prevent cardiac failure in seemingly normal 
patients. 


Precautions. Digitalis is mi indicated in cases of 
dfruliiiory shock, renal failure, hepatic failure, ventfic- 
alar premature ccwtraciions. rentricular tachycardia, or 
heart block unless the abnormality is associated with 
congestive heart failure. Digitalis therapy in congestive 
failure patients with heart block or vermicular tachy¬ 
cardia should he supervised in a particularly intensive 
manner, and digitalization should be monitored closely 
with an liCG. Digitalis can accentuate AV block and □ 
serious decrease iu ventricular rate may result. Digitalis 
treatment can also iryns.fi nth veniricukif dchyanhyih- 


nslas to fibrillation. 

Although digitalis slow*. sinus rate in congestive 
heart disease, this activily is complex and has no appli¬ 
cation in attempts to reduce heart rate when sinus 
tachycardia is present without evidence of congestive 
failure. Thchvcsurdiu associated with other conditions 


such as fever. diyroioxkosis, conMrictoe pericarditis* 
or cardiac tamponade as- not amenable to digital is iher- 
apy. Hypertrophic cardiomyopathies and ruptured 

chorda tendlnre constitute ot her nonindicattoiis for dig¬ 
italis therapy. 

Digitalis toxicosis can simulate certain aspects of 

cardiac disease, especially serious* arrhythmias. Clini¬ 


cians should always ascertain than any pattoi sched¬ 
uled for cardiac glycoside treatment ha*, nof recently 

received any digitalis preparation: otherwise, an 
attempt to produce therapeutic digitali^aLion m a 
patient actually suffering from unrecognized digitalis 
intoxication can have negative results. 


Oink&I Procedures 

Selection of Digitalis Oivcom Otahain is 
the most pmenl of the three glycosides, it acts most rep* 

idly, and i Ls effect dissipates nn»i quickly. Ouabain is 
absorbed too poorly to he effective if given orally, and 
its kk has been reserved for IV administration during 
emergencies. Currently* however* ouabain is rarely 
Used in clinical veterinary medicine because digoxin is 

also effective when: parenterelly administered and is 
believed to be relatively k-ss toxic than ouabain. Both 
digoxin and digitoxiti are suitable for oral and par¬ 
enteral digitaliMlicm and maintenance therapy. 
Digosin often is preferred over digitoxin when a more 
rapid effect with oral administration is desired 

(Detweiler I9T7). ft should be emphasised, however, 

Lhal wdl-cunlrolled clinical comparisons between dig- 
itoxin and digoxin are lacking - Some dinkians believe 
that digoxin is more effective, more reliable, and less 
toxic than digitoxin. Conversely, some clinicians advo¬ 
cate that diigiiosin i-s ju-st a* dependable and less toxic 

than dlgoxin. Additional documentation of clinical 
results is needed to resolve these differ cnees. 

DlOITALI£ATkJN. A basic procedure followed in the 
past by many clinicians involves initial administration 

of a large amount of digitalis in several divided doses 
over a relatively short period (24-48 hours) to quickly 
achieve the desired therapeutic effect Treatment is then 
continued daily with smalter doses to maintain chersr 
peulk efficacy. The quantify of drug necessary to 
achieve the initial response is commonly designated a*- 

the digital iraAkm or lending dose, whereas the daily 

dose needed to maintain this level of therapeutic action 
ix called Bhc maintenance disc. The digitalizaliqn and 
even the maintenance dw cannot he precalculated 
with absolute precision because erf marked mtcrpaLienl 
variat ion in response to therapeutic and tox ic actions of 
the glycosides, Thus- digitalization ui each patiem 
Mu mid he irons idered an iridic idual and separate ptnieci 
subject somewhat to trial and error as the search is 
mode for an efficacious dose u iilumi inducing toxic 
side effects. 

To achieve this objective, an estimate of the digitali¬ 
zation dose is based on the ■standard, range of loading 
doses for the selected glycoside and severity of the 
physiologic status of Hie patient (e.g.. age. pilose of car¬ 
diac: disease, renal function k An esiiimie of die main¬ 
tenance dose is based in turn on the standard mainte¬ 
nance dose range of the drug and. most importantly, the 

paiiem's, response to the Iciading dose regimen, In 
essence, the goal is to determine the smallest amount of 

glycoside that will effectively maintain the patient in n 
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state of cardiac: compcaviiinn without inditeing signs 
of intoxication. 


ORAL SCHEDULES AND MAINTENAMTE DOSES. T«h- 
niques used for achieving; oral digiialtzaiiuit cu.ii be 
placed inDD three general lime courses: slow, rapid, and 
intensive. The slow method is generally used when 
nil Id f-iii lure \s presented; die lOtai estimated lutniiilg 
dose is administered in 5 equal puns over 48 hours until 
Hhduj effects an gained or toxicity supervenes. With 
[he rapid technique* the loading dose is divided, into 3 
equal amounts. given si intervals of ti hour*, The inten¬ 
sive schedule is usually run selected unless an emer¬ 
gency or near emergency exists; one-half the loading 
dose is given initially, chic- fourth iis given 6 hours bier, 
and oncncighlh is given, at 4- in 6-hour intervals. After 
digiLali/aLkm as achieved with die above schedules, the 
maintenance dosuge regime ii is ihen insiiitvled 

(Delwelb 1977), 

In actual practice, the precise schedule selected can 
be less uiLpuriajiL ihuii the care la ken in niuniioring 
patient response during implementation. In all cases, a 
predetermined dose should not be administered indis¬ 
criminately until Iojuc effects are seen. Card u I super¬ 
vision of the paLierat should allow detection of thera¬ 
peutic benefits before tonicity is evoked. Nevertheless, 
if signs of inlunicataoni supervene early in the digitali¬ 
zation schedule before mluLary effects are attained, 
treatment must be halted and resumed at a lower dose 


after signs of toxicosis. are absent. Similarly, if toxicity 

develops during mauiiciNme dberapy. the dtsse must be 
readjusted io a lower level. OoovHHly, the dose may 

have to he increased oradminislcrecl at shnrler intervals 
if therapeutic effects are not achieved with the prede¬ 
termined schedule. That semanlics- about rigid time 
schedules should be interpreted in the clinic an accor¬ 
dance with needs of the individual patient, Unquestion¬ 
ably. as pointed out below* many clinicians now believe 


dial loading dose digital i-zatkm technique* are unneeesr 
*ary and may kad to intoxication. 

A listing of average dose levels of digitalis glyco¬ 
side*. is provided m Table 23.3. An approximate KAll 
loading dose for diguxin in dogs is 0. Ill-0.22 mg/kg; 
tills amount can be divided into 5 equal doses of 0.022- 
0..044 mgdig and each dose administered at 12-hour 
intervals for 48 hours. Tile daily maintenance dose of 
digoxin is 0.022 mg/kg; this can be dividend into 1 equal 
dose* of 0.011 mg/kg and each dove administered si 
12-hour imervills after initial digitalization has been 
achieved (Table 23 J)l, 

Modifications of the aNive procedure ham hoen pro- 
posed. Data published by De Rick et at. (1978) indi- 
caled LhoE admimstration of 0.025 mg/kg digoxtn every 
12 hours for 56 hours (Leu a total digitaJi/ation dose of 
0.1 itig/kg), followed by a maintenance dose of 0.01 
mg/kg every 12 hours, wjls ussugiawd with kss tusk- 

ity than larger loading dose techniques. The digoxin 
data presented in Pig. 23.10 show that this schedule 
leads to therapeutic Wood levels whereas a larger load¬ 
ing dose results in Lmtial plasma concentrations a.vsncL- 
aled with toxicosis. 


Hams (1974) and Hahn U977) advocaled chat a 
loading dose of diguxin is not necessary in dogs and 
Lhat daily maintenance doses of 0.022 mg/kg given in 2 
equal ariHiunls at 12-hour intervals- should be imple¬ 
mented as Lhe original procedure. This would reduce 
the likdihuod of intoxicat ion associated with the larger 
loading dtp* techniques. Using complex pharmacoki¬ 
netic calculations hased on individual animals, Button 

et at. (L9SQa,b) found that the standard 0,022 mg/kg 

was a likely daily mai nienanee dose of digoxin in dogs. 

Kittlcson 1 1983) pointed out that because of its high 
tuxic/therapeutic dose ratio, digitalis should be admin¬ 
istered according to body surlnee area rather than body 

weight, Thus- since the body surface area/body weight 

ratio aencrallv decreases as the size of the 



TABLE 23.3—(Suidfliin-s fur approximating doses and scheduler for digitalis glycerides in dog* 




Loading tlusc It'dhnkqtie 


Drug 

Toial ikisc 

Administration schedule 

Daily mainiengiiige dose 
and sdiedufce 

Oral 

tligibn stin+ 

OlI 1-0.22 mgAg 

00224) 044 mgikg ql2h fbr 48 hr 
Three divided doiues mil day 1 of 

therapy 

0 0111 mgttg q!2li 

Dij^xirii 

0.066 tng/Lg 

04X22 m$/k% daily 

Digoxin S 

0.1 mgAc 

0.025 mg'lcg q I Ih far 36 hr 

0.01 i ingAg q 12h 

Digoxml 

■ i ■ 

B J 1 

0.011 mgdtg q !2h 

D^texin* 

0022-04)44 ifig/kE 

0X1044-00068 nfl/ks q12h 

mmi 4MKH4 ioj|/kg q 1 2h 

Dij.' iLmiraP 

0.44 mgTkg 

Divided iiLis^s Livt-r 4S hr 

0 1 1 mg/kg d«ily 

Rnrenuil 

OtiubaLn. 

04)22-0.033 ing/kg 

ITirce div tiled duwr*. over 24 hr 

(kal dijLisin 0.0! ! mg/kg 

q!2n 

Oral ilipnsin 0011 mg/kg 

ql2h 


04322-0044 mg/kg 

'lliree divu&sd dow ■* over 24 hr 


Sources: *Dmg enmpsmidw and uthm, tDelwerjfcpr 4ifd Knijht 1977; jD? Rick el al. 1978; 11 Harris 1974; HaJhn 1977’ 
ftEitingcr 1996. 

Now; qi2h = ewy 12 ham 
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FICj. HlO -ftwy schedule uml pljiwnry a OB IBI li iBi fflf 

dig-nxin after >ml wiih a "lai^E'" (1) nr "hmoll -1 

HII h hading: dnur. Nolice in ihtf U vp jjrapsli Uurt wiih a large 

Iradinp tfcwf techniqw (0.05 mg/kg Cray 12 hr), plnxma 
eoncentrilions initially were am the ionic range I>2.5 ng.'mLh 
v* herein in ihc bunom graph wiili ihe smiller loading dose 
letlnuijut (0JQ35 ufigftgi'1 2 tv), pl^iiu cononlnlfioH did 
ik»i CKLwd ius.iL' levels and remained within presumed ihcrsi- 
peulieull'Y eflcclivT HnLdnCnJKKix. (Mcideled aller I jf KieL 

c4 ah IW* ) 


jocmH, largercanine hreetk would require less digi¬ 
talis per kilogram of body weight than the sjiih.II breeds-. 
According Eh ii recum mended twice-a-day digufcitt do&e 
of 0-22 mg/m 7 body surface area (Kiltleson I9B3) S dogs 

weighing 10. 20. 3D. 4®. and 50 kg would receive 
0J0I HU 0.009.. O.UUtt. 0.007, and 0.006 mg dlgOXilAg 
r opccth riy twice daily. Clinical tridi suppiwi ilu 
merit of chii approach (KrtUonn ef al. 1983i). 

One pharmaceutical company ihiU produces d-igi- 
toulii suggested ii heading dost of 0.022-0.044 mpTcg, 

followed by a nulnuuKe dn*e of 0.004+4).0l54 

mgj'lkg every 24 hours in dogs. Another company pro¬ 
posed ii leading dose of 0.(344 mg/kg divided into EO 
equal doses, frith dose given every ft hours, Followed 
by a daily mainleoaifcee dose of one-Fifth of the digitai- 

Lzafiinji dose (i OuOOBA mg/kgk (Table 23 J), Much 

Larger amounls of dlgkaio have been used and advo- 
tilled by ctinfclflni tF.i linger 1966; Dawdler 1977k 
Difference* may well relate to product ibrmulationi. 
routes of administration, bmavaLlubiLily, and technical 
methods. These problems validate the need Fur the cli¬ 
nician to become thoroughly familiar with use of a Few 
preparations ralhcr than attempting Lu use a wide vari¬ 
ety of Lhc different products ilow available. 


Cats are generally much mure sensitive to digitalis 
than arc dogs, and digitalis is not commonly used in 
cats. TULey and Weftg (1977) indicated that an average 
maintenance dose of digoxin. in cals is HOOft-ClOl 
mg/kg/day, divided imo 2 equal doses. 

Body weigh! resulting From edema fluid should be 
discounted in csiimaiing the digitalis dote, Because of 
the importance of renal and hepatic function in climi- 
nnling; digitalis glycosides. do» Imb also dwuId be 
■reduced in amind* with kidney or liver disease. OiIkt- 
wise, toxicosis may develop unexpectedly following 
usual loading doses. As outlined earlier, dogs weighing 
more than 12-15 kg generally require less digiialis per 

kDogun of body weight than, smaller dogs. 

PAREHTEKAL SCHEDULES, tV administraiion of car¬ 
diac glycosides is indicated when the patient d*w* noL 
retain oral medications or has acute cardiac decompen- 
wnion or respiniury dbdH. 

UtHo; schedules fur njuline parenienil digital i^adun 
wdh dfi|tuua and ouabain are included in Tkbk 23.3. 
IV administraiion in ciaw the libdihxKl for toxic 

arrhythmias-, and Lhis limitation should be considered. 
InIr.trnuscti lar injeclion reduces the danger, but puini 
sismI swelling m ihe Lnjeeinm site limits paiiem fecostpi- 
ance of itiis mclhod. Oral maintenance doses should he 
suhslikrted If feasible. 

The positive inotropic response to digoxin and digi- 
toiin can he detecled within 15-30 minutes alter IV 
admmislrution in dogs (Hamlin el al. 1973). sumewhaL 
sooner with ouohum. I’hL" rapid hemodynamic eflbch 
of ouabain m a dug with congestive failure ore illus- 
Uated in Fig. 21.H. When an emergency is presented, 
the total [V loading du^ fur Uh! h ouabain and Uigoxin 
is apprusAmuiely (3.044 mgiTtg (Etthger und Smer 
1470). These twx^ drugs are administered fflaetthM 
dinfcrciuly based on their diafanilirdurations of ac6oo r 
Wiih both ouabain and digoxin, 25-30% of ihc total 
dose is administered iniEially by slow IV mjectiun; on 
ajJditiofLHl 25^ is given every 30-60 minulrs (ouabain) 
1x60-120 minules (digoxnt). Patients (reined wnh these 
techniques should be vlusely examined for signs of 
kriabtatiH and nmilond contlouoiuly for ECG 
abnurmalitio. Other emergency prLHjcdurcs arc cov¬ 
ered Later 

Large Animau. lotting or jfiiiuliziiiofl dose 

ranges Far several digitalis prcparatiLms u\cd in horses 
and ctHlle anc given in Table 23A The daily mainte¬ 
nance dove is generally sci ai one-eighth to- one-fifth of 
l]w kmding dose. Actually, however, relatively lilllc 
clinical work has been done wiih digiLulis m thepe 
species, and dnsugc nctmuncodlrtlCHB hhmiLd be «fflr 
sidored provisional iDdweiler and Patlerson 1961}. 
Parenteral administration is used in caLLlc and other 
ruminants because rumino] micrcHvganistns can- iilutli^ 
vale j Large portion of digitiilis. 

Based on experimental pharmac^kipietic data derived 
from normal horses. Button et aJ. (1980c) proposed the 
fallowing scheduk fordigoxin: an IV loading dose of 
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TABLE 21.4 — Apprumriuie digitalization d dws 


for hones a nd cattle 


h'CpUf'jiLiuil 

Room 

Tbtal JcKtc 

Kww 

Uigiialin 

Etowder 

Orel 


Digitalis 

linctiue 

OtjI 

OJMktt mlAp 

Digitoxin 

Oral 

O.QJt3-0.06b nig/kg 

Digoxin 

Oral 

0.066 mgAg 


PiJirntcnJ 

0.022-0,015 mp/kjj 

Ouabain 

Parenwral 

OvO 132-41.022 inc/kp 

Cttik 

Digituxin 

liUcai ft uw.'uJui 

0.031 nig/kg 

Digoxin 

tamvewu 

0.0085 tuiCk 

(hiahuin 

hfllWHIK 

0.0132-0022 


Suunx!*. IXtvrcilcrr 1477. 


0,014 mg/ks, 5i3i IV ndnteiiuitt dose of 0.007 
mg/kg/24 hr, an iwfil loading do*e of 0 O'? mg/kg. -und 
hi i oral maintenance dose of fl.fl.35 mgAg/24 hr- Wlien 

these doses were- given to horses, plasma dipox in con¬ 
centrations measured 12 and 24 hours after adminasira- 
Cion were mostly in (he usHumed therapeutic range o f 

0.5-2 ng/mL. 


Prepsnitkinss Digitalis, USP —Digitalis pmrpvfta; 

potency of digitalis {1<» eng) should be equivalent to 
but not Leu vluui f USP Digitalis Unit. 

/W dt'rtil DiRtitili.H, USP. 

Digitali* Tables a. USP—tablets, 60 and 100 mg. 
yr'jfrf^.rin. USP —cardiotonic glycoside from O. pur- 
pufea. D. luruitu, and other suitable species of the 
genus Digitalis. 

THgitoxiR fnjwthm. USP digUxntii in 5-50*3 atco- 
lirolg injeelions, 0.2 mg digitoxm/l! mL. 

/Nfbub TSr bfeix. USP—tablets. 0.1 and 0.5 mg. 
Bigoxitte USP—cardlotoilc glycoside from D. 

k r-w-iftr 

£^odfi liijetiittri, USP—digoxin in 1M akoM; 
injections, 0.5 mg/2 ml.. 

Digt>xif\ Tab I ess. USP—tablets, 0.25 and 0_5 mg, 
Dtgwdn Elixir —digoxin. 0.05 or 0-15 mg/mL in 
.10% alcohol. 

Ouabain, USP—Ci-itmphanlKin P 

OmMiv Itijeerit}/ 1, USP—injeetlnn-s, 0J5 mgArriL 

and 0-5 mg/2 ml., 

AMRINGNE AND MILRINONE. Amrinone and 
milrinone ure bipyridine derivative* commonly 
nfend to a-s rtohglyCMidc, nLmeaCeeh.olami.nc 
inotropic drugs. Thcst CMDpomlft w*re di fcownd 
during an investigative search for CttdlAC vLinsulant 
agents that could he used to replace digital i % in i he ther¬ 
apy of heart failure (Aleut ct a|. 19791. Numerous 
studies have now continued that amrinane and milri¬ 
none evoke both a potMve IntsHupic ueLion in the heart 
and a peripheral vasodilator (fleet The meehanis.uk of 


action of the bipyridincs is dissimilar from that of dig¬ 
italis aad due not involve adrenergic or other cell nir* 

face recepiL'Pfs. Rj[her, [he cardiac inotropic and periph¬ 
eral vasudil-iitoT actions of umrinone and milrinone 
involve InhIMtkn of tl* type III cyclic MCleotkk 
phnsphndiesleraw enzyme. This eiwyme jg fwpcwribte 
far lhe selective metabolism of cAMP; hence, inhibi¬ 
tion of type JIL phosphodieslera.se by amrinnne or mil¬ 
rinone results in Lhe accumulation of intracellular 
cAMP in cardiac and vascular tissues. Cyclic AMP 

m 

subserves a positive inotropic response in myocardium 
and a vasodLlatory response in blood vessels. Because 
of concurrent Lnutrupic und vasodilator actions, consid¬ 
erable attention has been focused first on amrinnne and 
more recently nn milrinone as altemaiivus for -digitalis 
m miinuging congestive heart Mure patients (Mancini 
ec ul. 1955; Colucer et aL 19Sfi*J)), 

Amrinnne. IV administration of amiinon (1*10 
mp/kpi to anesthetized and mustbetiud d^gs. 
increased cardiac contractile force and left veotrictilur 
pressure with relatively small changes in heart rate and 
blood pressure, Administered orally to dogs, amrinnne 
(2-10 mg/kgl- produced a positive inotropic effect with 
rapid onset f with in 15 minutes) und long duruLion of 
idlm (approximately 5 bouts). Acute hemcKlyiwimk 
response Do amrinooe also has been studied! extensively 
in human patients with refractory I tout failure. Ainri- 
none by oral or IV adfflMjlnlin eoiksbteiiLly 
enhanced cardiac contncdle tifleftp* while decreasing 
ventricular tilling pres-sure/volumc (preload* and sys¬ 
temic vascular resistance faftoldid). Heart rale and 
blood pres-surc were affected slightly by therapeutic 
doses. Importantly, amrinune also decreased myocar¬ 
dial usygen coaBUaqMkn of lhe failing heart Hmt 
reductions in cardiac preload and afterkwd represent 
iillpunniH aspects of amrinone'v hemodynamic profile 
because they apparently offset the metabolic HMt of the 
drug’s positive inotropic action. Because of this benefi¬ 
cial spectrum of cardii avascular effects. pmUenlly 
administered iimrinone wib approved for use in the 
■short-term therapy of heart failure in humans. 

Despite obvious beneficial actions of arnriranmc in 

miuinging Kube oicatvtkn of heart (UIur, uudki m 

humans have questioned whether longterm oral 

admi.nisira.iion of amrinnne i* elinie-allv effective in 
therapy of chronic congestive bean failure (Massje et 
al. IVWSk These results illustrate the potential pitfalK 

of trying toeattrap^^latc results from acute sttrdich 10 the 
exceedingly more complex situation of chronic Ihcrapy 
of heajt failure, Moreover, adverse side cITecis 
occurred m of these iimrinone-tnealcd patients 
after long-torn, thenipy. necvssituLing drug withdrawal 
in .14%. Tbrombocytopcaia is a serious vide eftecL of 
flmnnrtne in about 1 ^ of human puLicnts dnukally 
ireated. This untoward reaction cVt$s nitt tu be a 
problem in dugs. 

MkrinMt. M UriAOAfi i& u structural amgencr of anui- 
none, and the former is. 2(1- V\ tinHC irkire ptHertl than 



m 
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the latter. Initial siudies suggested lhai milrinone iniplti 
he relatively free of adverse xidc effect! in reasonable 
dewe* and could be helpful i m the managemen.1 of head 
failure patients in human medicine (-Cn-lucci ct at. 
1986% b). Hewfever, studies with human patients with 
mcKleraLely severe heart luilurc indicated dial milrinone 
was less effective lh4in fUgOOlil, and the curflbuiiilHm of 
milrinone and digoxin was no more effective than 
digo&in atone Moiww, milrinone adniinirtrattofi w-a*. 
associated with an increased iacidmce both ventric¬ 
ular and wprevefVlltclllRr laehyarrhychmijLs as adverse 
side effects (Diftiaoeoci al. I9KQ). 

TacTiyarrhyihmiiks could have been predicted as an 
advene side effect uf mDrinoae and other ptwsphndii- 

cxtera>e inhibitors inasmuch as their mechanism of 
uclinn depends upon accumulation of lAMR lhe I alter 
nert only subserves positive inotropic actions in the heart 
bul also increases cardiac aulomaliciLy in xinmtria.1 
pacemaker eell.v and Other cardiac lissues ihul cany 
spontaneous automulicity. Emergence of latent pace¬ 
makers and associated ectopic beats and laehyanhyLh- 
mias can he expected as Limiting side effects cst" drugs 
that aflect Ihe heart through ihe cAMP system. Hence, 
the initial enthusiasm lor cardiac uses of milrinune and 

other type III phot ph odl eKe iue idUMton has 
d e e w—e d (Mesne el d. 1485; DiHuun et el 1989). 

A oollebonlive lovecdgadM iowlvki| ihrev leach¬ 
ing. veterinary hospitals provided evidence that milri¬ 
none may he effednt in dogs with spontaneous heart 
failure j KitLEeson et al. I 985b). This sludy included a 
randomired blinded evaluation of milrinone f (1.5-1 .Cl 
rng/kp) versus pbctbo for a 4-week pennd in a UUl of 
|4 dugs. | i with left ventricular failure and 3 with rig III 
ventricular failure. All dop in tills study with cchoear- 
dingraphic evidence ol miId-tn-severe myocardial fail¬ 
ure and clinical evidence of poor-lo-gcKxl compensa¬ 
tion for their heart failure responded favorably to 
LreaLmenl with mLtrinune as Ihe sole therapeutic agent 
as determined by echocardiography. This salutary 
effect was sustained for the 4 ws/eks of tile sludy; il vns 
noi due to spontaneous remission tsf chc disease 
because heart failure worsened when milrinone wav 
withdrawn and improved when the drug was rcinsti- 
tuted. The only apparent advene reactions were 
asymptomatic ventricular dysrhyihrmas in 2 dogs. Tl*e 
improved ventricular performance observed io this 
study was uiiribuced m adiiKt in c rease in myocardial 
contraciiJity owing to mUrinme's positive inotropic 
action, to udecrease in cardiac work IlwJ owing to nih 
nnones vasodilulor effects of* more likely, to a uewnhi- 
liftkn of hali. There investigaton concluded that mil¬ 
rinone nuy be ail effective drug fi*r treating myocardial 
failure in the <k»g when administered orally twice daily 
in 0,5* l rug/ kg d os e s . 

The biologic half-life of milrinone it about 2 hours 
in dog*., the imimM of action occurs within 30 minutes of 
oral administration and Lhc duration of effect has been 
returned to he about 6 hours. However, ihe maximal 

response to milrinone in dogs with spontaneous Iteun 

failure develops about l 1* 2 In mis uffer adm ini suasion 


mid dissipates rasher quickly rhencaficj, Kinkuin et id. 
(1985b) suggested, therefore, that dofl with uc\erc 
decompensation of their heart failure may benefit from 

3- 4 daily doses of milrinone to take advantage of She 
maxima] affects of the drug. 

Milrinone was advanced as either a primary drug of 
choice in congestive heart failure -Iir as an alternative in 
congestive failure patients who become refractory to 
digitalis. AddiciLuial controlled cUnkal trials with mil¬ 
rinone arc needed to determine whether the beneficial 

results observed by Kittleum el al. (L9ft5b) during Lheir 

4- week study are sustained over longer intervals with¬ 
out limiting side effect*■ It is unclear if urliythlltQgemc 

side effects will be a limning factor for milrinone in 

dogs, u it is in humans rDiBianco et aL I9£to). 

VASODILATOR DRUGS. Careful use of peripheral 
vuniliur drugv ha 1 * been developed extensively as 
LreaLmeni in congestive failure to “unload" the failing 
hemt (Hamlin 1977; Zells el aL 1OT9; Remme JOT3), 
"Ihe ralicHia.lt! for this treatment as ihe idea Lhat decreas¬ 
ing the wort toad of lhc heart is better for Ihe palienl 
than adminislenng a positive inotropic agent with con- 

tkknble toxic potontileJ (JjC,, digilaJEs). If systemic 

jirtcrial pfcssurc (i.c., Icii ^enlricular alferloudt is 
rcvlihp'^Ll by ;l vuodUnor drtig. the left venfficle will he 

ejecting Wot 3d into a circuit with lowered resistance. 
Further peripheral venodilation will divert blood vol¬ 
ume Cram ihe pulmonary lo Lhe systemic vasculature. 
This response is anLagoni.viic Co the formaLion of pul¬ 
monary edema and also Lends to restrict venous return 
lo the heart (i.e.. ventricular pre load I, Left ventricular 
sire and wall tension decrease in response to reduciton 

in ventricular preload and ifterlud. MyocAidlal oxy¬ 
gen demands decrease Accordingly as Uk WDfkkAd of 
Lhe heart il reduced; cardiac output and hemodynamics 
should improve (P»cker 19*4; Abrams I9R9X 

Before resntiag to v^sL^Jilalor therapy iji treating 
CMgestive failure in. animals, the clinician should be 
awnre of pitencial problems; e ? p., ii hux been assumed 
Lhal dru^-induced vafiodilmtktfi would automatically 
increase peripheral perfusion amJ thereby locnitt oxy¬ 
gen iviilibillly to all dsHH. However, vnodflator 

agents of ::w niiroplyecrin type exert a predcMTiinianl 
reduelion in peripheral venous nvbtWE ax compared 
to arteriolar resistance, hnling of blood in Lhe VtffiU 
capacitance beds tn no way ensuro mcreased perfusion 
of all (issues. Vasodila.lEsrs are beneficial to lhe failing 
hean because Lhey decrease cardiac workload, not hy 
dircclly improving peripheral pcrfusum bKUK of vas¬ 
cular ditiuion. FUrthtrnwft, if arteriul pressure is crili- 
taliy decreased. Mood How through the coronary and 
1 renal vascular beds may he compromised further. 
Reflex tachycardia accociipamed by increased myocar¬ 
dial oxygen dcuuml is jumthcr pnneniaal problem nso- 
ciatod with fall In systemic blond pressure. 

Pray.osi. 1 ^ Aiwell (1979) indruled that peripteral 
vasodilation induced hy pruorln hydrochloride (Mima- 



Chapter 23 f uhjitalis aku vwoixuiim drug* / H. Richard Adams i 473 


press}, an OL-adrwergit sebdliv« blocking agem 

(OiEvp. 6), was dYecLive in 4 dugs with congestive fail¬ 
ure thill were refractory to digorin. However, diguxiri 
w ;is actually continued Ln 3 of the 4 dogs at reduced 
dosage levels. Thus (he beneficial response may well 
have resulted from a combination of mechanisms 
involving both a ptmliw inoirujiic action on the IwiirL 
idiigoxin) and peripheral vasodilation (prazosin). 


HydniluziUK Hydrwchluride, //vi/r^^rz^re //VrffitJ■ 
chltmelt 1 ,. USP (Apresuline). is ;ni arteriolar dilatin' that 
has undergo] ie limited clinical trial in tings w ith vol- 
ittne-avefktAd heart failure (Kiiilcsou et al- I9«3), 
Because of its vasodilator action in systemic arterial 
beds, hydralazine reduces peripheral vascular resist- 
an.ee and lowers impedance to left ventricular ejection. 
Stroke volume and cardiac output increase pruponion- 
ateSy. thereby initialing hemt^dynaiiiic imprevcnient 
Beneficial effects of hydralazine arc manifested 
mainly in congestive heart failure (hart is mxm&aiy to 
mitral valve insuffictcncy. In Ihis pathophysiologic 
slate, forward left ventricular stroke volume is reduced 
owing to a regurgitant fraction being pumped bus.’kward 
dim ugh the iiKompelenl AV valve into the left alriuir'i. 
By lowering systemic impedance lo Jell ventricular 
ejection. hydralazine increase*. forward stmke volume 
and L he re by reduces the regurgitant fraction. tnd-sys- 
lolic volume and cardiac size arc reduced bec;w8e more 


blood is pumped out of the cardiac diumbers per beat. 


Reduction in cardiac si/e leads to commensurate 
decreases in wall icnsion and myocardial oxygen con¬ 
sumption and. also importantly, to reduction of the ori¬ 
fice of the incompetent mitral vatve. The latter con¬ 
tributes in Him to further diminution of the regu rgitant 
fraction. This cycle leads to hcmodYnumic improve¬ 
ment and. it is hoped, pharmacologically supported 
compensation of (he heart failure patient. Indeed, clin¬ 
ical studies indicate dial hydralazine therapy Is effec¬ 
tive iin dogs with volume-overload congestive failure 
caused by mitral valve insufficiency (Kittles™ et al. 

1983). Hydralazine may be similarly effective in aortic 

valvular in sufficiency. 

Hydralazine is abwir'hed rapidly after oral administra¬ 
tion in dogs; its onset of action develops within I hour,, 
and peak response occurs at 3-5 hours. The drug under- 

goes extensive bepalie metabolism during its initial pas¬ 
sage through the liver in the pnttl blood There is evi¬ 
dence thafl u re mi a in sdme way affects b i iflraffi s forrmUi ™ 
of hydralazine, so thal blood ixincenlralkins may inenase 
in uremic patients. A recommended dose schedule for 
hydralazine in Jogs involves the initial oral administra¬ 
tion of 9 mg/kg; ihi-s dose can he adjusted upward, 
depending upon, evidence of clinical improvement, Nil 
should not exceed 3 mg/kg. Average-size imIuIl eaLs may 
require an initial oral dose of 2.5 mg., which may he 
adjusted! upw ard to 10 mg. The therapeutic response gen¬ 
erally lasts 11-13 hours; thus twice daily administration Ls 
suggested as- the standard (Kitflcsdn 1983). 

bnporttiii side effect of hydralazine therapy in 
humans are tachycardia and hypotcnsiiQfi, It was 




reported (hat hypotension was not a problem m dogs 
when hydralazine dosage was til rated care fully against 
signs of clinical improvement; however, tachycardia 

docs- seem trv be a common untoward development in 
congesLive-failure dogs LreaLcd with hydralazine I Kit¬ 
tles™ et -iiL 1983). Since lacliycanlia increases myo¬ 
cardial oxygen consumption and may therefore lead to 
cardiac decompensation, heart rate should be moni¬ 
tored d nr tug therapeutic impleiiwniat i on with 
hydralazine or my other vasodilating drug. 

Conconilanl admimMratkm -of a ^blocking drug 

might reduce the reflex tachycardia produced by 
hypotensive reactions in hydralazine. On the other 
hand, the potential negative inotropic response to j3- 
receptor bksekade in tbe heart may exacerbate heart 
failure (see Chap. 6}- 

Capteprll and Enataprl MaJeate, Recognition of 
ihc enritrihutkm of the renin-an.gioiensiife-^lLUiscerone 
avis tu Itie pathuphysioLcigy of congestive IksH I allure 
led io development of a new group of vasodilator 
agents. There compounds are the angiolensm-etinverl- 
mg enzyme (ACE) inhibitors such aw cuptopril ;iimJ 

emJAprtl maleate (Holt/. 1993; Dietz et al. 1993). 

Reduced perfuskm of the kidneys, during heart fail¬ 
ure evokes release into the circulation of the renal 

enzyme renin. As detailed in Chap. 20, renin syntiw- 
sizes the forma,!km of angiotensin I. The hitter is rela¬ 
tively inactive; however, it is meiaholized by ACE into 
the potent vavrui-nnsUiLtof angiotensin II. Thus., by 
inhibiting ACE. cuptopril and enalapril decrease the 
formation of angiotensin 91 and through this mecha¬ 
nism evoke peripheral vasodilation in the heart failure 
puLkrtC. Angiotensin 11-mediated release of aldosterone 
also is decreased by ACE inhibitors,, thus faolilaling 
sudiurn excretion nnd diuresis. CapLopnl improves 
hernodyruiinics in dogs with experimental heart failure 
(Kittles™ et al. 1993), und reduces blood concenira- 
lions of lUflttefflK and improves clinical Stilus in 
dogs with naturally occurring heart failure (Knowien el 

»d, 1983); 1-2 mgflig orally 3 times daily has been sug¬ 
gested as, a successful dose for captopril in congestive 
failure in dogs (Kiuleson I9S3j, 

Recent studies with ACT. inhibitors in human medi¬ 

cine have indicated that these agents exert siiManlial 

beneficial elTeeLs in hean failure paiiems (Diet/ ei al. 
1993: S wed berg 1993 ). Enalapri l and other ACE 
inhibidufs improve exercise lolcraftCC, decrease signs 
and hympmms of lieart failure., and prolong life. 
Because ot the rapidly eApandm^ role is-f AC "It 
inhibitors in cardiovascular kherapeuljcs in human 
medicine, ihcse drugs also are being tested in amnuik 
with spontaneous cardiac disease. 

The therapeutic efficacy of the ACE inhibitor 
enalapril was examined in a carefully controlled study 
involving over 400 dogs with naturally occurring 
di kited canliomyopLiLliy or chronic valvular heart dis¬ 
ease (Eltmger el ill. IW4). Some: of the dogs were sub¬ 
jected lo invasive minnitoring of cardiodyuamic func- 
iinns p while other dogi were ohserved for signs of 
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clinical improvement or mortality, Nearly all of ihe 
dogs continued up nctivf cwaiHnal therapy fur 

head failure involving diuretics 

wiih^fei or with digoAiiL Thus ilti s nultictnlcr trial 
actually examined the ability of ACE inhibition m aug- 

mens digitalis and diuretic therapy of heart failure, 
nitlwr than therapeutic beuefits from enulupril akme. 
Nevcttbeks, Ibis study yielded codvittcidg evidence 
that inhibition of ACE wi Lh enalapnl can improve qual¬ 
ity of Lite and delay mortality in dogs, with heart failure. 

Enafapril reduced Lhe following variaMet in dog> 
with Ivan failure: pulmonary capillary wedge pressure* 
heart rare, mean h|i*.id pressure, and pulmonary arterial 
pressure {Susan 19421, Similar results were also seen 
in experimental studies. with cqupril (Kittles™ et ai. 
1993). Improvement ui oudknuculir functions were 
evident over the first 24 hours of treatment with 
etutapril. After 3-4 weeks of enalapnl plus cottwn * 
lional therapy, unpnweiuent was delected in several 
clinical markers of tacnndyurolc function TIwm? 
included increased exercise capacity and resulting 
reduction in class of heart failure, reduced signs of pul¬ 
monary edema, and overall improvement in well being, 

Mortality was lower in the dogs treated w ith enalupril. 

and fewer of ihcac patienis exhibited progressive wors¬ 
ening df heart failure t LLllinger el ul. LWl 

In a subset ot I4K dog:>, the Long-term efficacy of 
enalapnl was evaluated by measuring when the patients 
died or when Lhev had to he removed from the siudv 

V TB 

because of clinical deterior&tHHL Dogs irealcd with 
enalapnl 4plus standard heart failure therapy) remained 

iiii ihc trial for 169114 days, compared to 90 ± 17 days 

for dogs receiving placebo tplus standard heart failure 
therapy) r A gmup rf 17 Tjh rfxirmfln Pjaurchcrs Holed 
with en^lapril and standard therapy remained in the 
:-8.iady tor rttl i | I days, cL^mpured tu- only ± H days 
in she placebo cohort group of 19 Doberman*-. ALL erther 
breeds of dogs, buted with enalapnl remained in the 

trial 159 ± 15 dtyc, compared to 1110 ± 14 days for the 

IplajL-etk? gUmp. When Che dugs ifoujl died ti'i 11 g'i DnOgC*- 
tive heart failure or died suddenly were analysed sepa¬ 
rately, Lings treated with enalapnl lived approximately 

-Wflfi- longer than placebo-ncaled dugs. Although these 

ftudfi did not mluie eruilapril alone,, th^y clearly 
indicate that enalaptil is markedly beneficial m the 

IlHIiafHBUal . d failure wlirvu addled to ulmItv^ii- 

tional therapy with diuretics and digoxin (Filingcret al. 

I *m% 

Because of lhe importance of angicriciuin in main¬ 
taining renal perfusion in heart failure and other low 
cardiac output eemditions. renal function should he 
monitored during therapy with ACE inhibitors. How¬ 
ever, result^ from [he mulLkenler iriul with eitulapril in 
doft In d i c a ted iliui sporadic episodes of azotemia (ele¬ 
vated BUN udtar serum creatinine) were m witk 

approximately the same frequency in the enafapril and 
placebo groups. Furthermore, regression analysis indi¬ 
cated that BUN was correloied with the dose of 
furnsemide but not with the dose of either digoxin or 
ctuilapriL Based on these data, tllinger -el al. (1994) 


(usually funwnude) 


supported the pofkioii that Lhe dose of furoumide 
should be decreased tint should aztHcmia occur in a 
dog with heart failure receiving furusemide and 
enulapril with or without digoxin,. Nevertheless, the 
potential for renal tiulure should he dosdy followed 
whenever ACE inhibitors are used. 

Based on results from the muliieenter sludy with 
enalapnl, littinger cl al. (1994) proposed the fdlowhj 
guidelines for pharmacologic urealment of dogs with 
chronic valvular heart disease nr dilated eardiomyispa- 
Lhy*. Tre-almenL programs should be customised to the 

severity of the patient's disease. 

L Ltogs wilh Class I heart disease do not have chn- 
kal evidence of bean disease except in response to 
exceptionally powerful exercise nr other severe eandin- 
vumilur challenges. In general, these patient*. do not 
require drugs. High-salt diets should be avoided to pre¬ 
vent water retention and hypervolemia. Both chronic 
valvular disease and idiopathic dilated cardiomyopathy 
ate pm-gressive and usually irreversible COOdhkm. 

Their rate of progression may be abided by therapeutic 
intervention; however, currently there are DO reliable 
DHflWfl that will OHM progtHsive deterioration of 
Lhe heart in tl£se pathologic entities. 

2. I Jugs with Class I I heart disease u&hibil sagias ufc 

insuflieient cardiac iunecion upon mild or mndcriHc 
exercise, hnalapri! al a dosage of 0.5 mg/kg onct daily 
should he considered along, with it restricted salt diet, 
Renal funetinn shouSd he mouLtnieJ regularly as sigu 
of clinical improvcmen.1 arc followed. 

3. [>ogs with Class 111 heart disease have u-verl signs 
of heart failure during mild exercise; signs include dys¬ 
pnea. orthoptML cardiac cough, and episodes of pul- 
□wnvy edemiL, Exrrd» tokrmiKC is markedly dimin¬ 
ished Antes and other evidence of right side heart 

tailure ‘DCirrniHinly ap|>y^r. Aggressive drug tlie^itpy 

shLWild he impkiiiietiued along wiih restriction of physi¬ 
cal activity and dietary salt. A diuretic such as 

fucouffilde l& usually started (list for 2-4 days, tol- 

UiwulI hy iiLNiiiniiiML 4 if eifealapnl at 0 5 mgAig iwe 

daily. The dose of enakpril m*y ho iKMUd tc? a Mid 

of I mg/kg per day m two divided duel depending 
upon clinical response, Digoxin may also be prescribed 

ni a Nljuldanl ihihiLge siikI ecineLKiiii huitly with [he 

diuretic, ikpciiding lhi Mges c?t hi'iui 1 :ulure a>id cardiac 

tachyanbylbmitt, 

4. Dogs with Class IV heart failure an in acute 
dccompcnuiJion and usually rct|uire aggressive emer¬ 
gency therapy with oxygen, morphine, cardiac 
iiKrtmpes, IV diuretics., and preload reduoers. ACF 
inhibitor* should he resenx!di until lhe patient is out of 
danger fruin acute pulmonary edema -iind eaixliax' 

dmupasidn. 

ACE inhibitors such as enalaptil truly represent a 
major new- addition k» drug therapy of be-ait failure. 
However, renul funetiuih shutLld he monitored el^ usure 
adequate perfusion of lhe kidney*. Furthermore, 
despite the impressive resulls of ihc muhieemer trial 
wiih enalapnl (F.Llinger el aL. IW^j. it should be 
remembered [hai enalapril was studied only as an 
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Adjunct iu conventional therapy with digossn and 

diimlks. The result with these combined theraptes 
will must likely be impci wed upon as additional siwJift 
examine the full therapeutic speclruiti for ACE 
inhibitors such as enalaprif 

Calcium Omnndl IlhjckinK Dru^Sr These agents 
suppress calcium ion tCa - '} influx through plasma 
itiL-itihi jiiij channels in cardiac [issues, vascular imooth 
muscle, and mher excitable cell types (Katz l L M5' 
Alien and Adams 1987; GpLc 1984). The resulting 
decrease in intracellular 0 + “ corrantrattofi lead* to 
characteristic changes in physiologic: activity of 

■ffetled tissues, including reduction in myocardial con- 
Irtttilliy, vusodihikn in CDiouiy and peripheral arte¬ 
rial beds, lowered impedance to left ventricular cjjce- 

uon, reduced myocardial oxygen demand, and slowed 
AV impulse conduction. Because of this diverse phar¬ 
macologic profile, Ca +B channel Mockers have been 

studied extensively for therapeutic application in a 
wide spectrum of card in vascular disorders, Drugs of 

litis group have been apprised for the management of 
ischemic heart disease, hypertension, and some forms 
of cardiac dysThyLhmias in human medicine. Other 
indications in people include MtttEUCtive cardiomy¬ 
opathies, asthma, and cerebral ischemia (Stone and 
Aailmunn 1983: Conti ec ah 1985). 

Although Car channel blockade has become a ther¬ 
apeutic mainstay in human medicine (Katz 1985), less 
is known about [he clinical application of this concept 
in veterinary medicine i Adams ly&fia; Novotny and 
Adams 1986; Johnson 1985; Bright 19921. The present 
discussion is an overview ol thus topic and addresses 
the phurmac-cKlynam ic rationale farCuf* channel block¬ 
ing drugs in cardiovascular therapeutics in animals. As 
summarized by Ailed and Adams (19*7). The use of 
verapamil and diltia/em as Class IV aiuiiirrhythmtes in 
creating supraventricular lachyAohythisiiAs is addre**ed 
in Chap. 24. 

Hbtqry AND Tl-.kMINOl.cXlY. Discovery of €a" + 
channel blocking drugs can be traced to I9fr4 p when 
the German cardiologist Rcckcnslcin reported lhat the 
newly synthesized drug verapamil mimicked the car¬ 
diac c Heels erf CV + withdrawal (flee ken sic iiv 1981). 
Verapamil was being developed as a coronary 

vasodilator, hut it also inhibited myocardial contractile 

strength while Leaving the cardiac action potential 
essentially intact, Importantly. the cafdiodeprcssant 
effects of vcfapftimil could lx*- antagonized promptly 
and completely by excess Cu" + . FlecketkMein coined 
the term “Ca’ + antagonists'* to describe verapamil and 
other drugs that exerted ihis basic Ca^-dependent 
inhibitory effect us their predominant phsmuacologic 

property (Fteckcnstein 1983k Dozens of drugs that 
share this action subsequently have been identified, 
and several have been approved for clinical use in 
human medicine, including nifedipine, verapamil, -and 
diltiazenfL Only the last two have loured useful appli¬ 
cation in veterinary medicine. 


The term "Ctf* antagpnisT is used commonly in the 
scientific literature, Others have questioned its pharma- 
cdogEc appropriateness however, because these drugs 
are ihu CiC* analogs and they do not act by inhabiting 

Ck** binding to cellular CV^tonding receptors such as 

calmudulin or tTQpOfUll (Katz 1983). Rather, these 
agents interfere with the time! ion of plasma membrane 
channels that mediate Or* entry into excitable cells. 
Fix these reasons, the terms. Ta" antagonists.' ! fc, Ca te 
entry hlockcrs.'' “Ca ++ channel antagonists" and Other 
nomenclatures are sometimes used mtere^uuigeahly, 
Regardless of terminology,, the phannertogte rationale 
fur therapeutic use of these drugs resides in the funda¬ 
mental importance of Cu" influx as an intracellular 
messenger system in cardiovascular iissues {Schramm 
and Thwart 1983: Jnnj& and Triggle 1984). 


Funimmentals oi- Ca~ Channel Blockade 

PHARMACOLOGIC CONCEPTS. The essential roles of 

Cuf + in coupling cell membrane excitation to 

iretrace! lular funciK m ire cardiac and vascular muscle 
have hcen reviewed in detail (Janis and Trigglc 1984; 
Reuter 1985). Ire essence, Ca** in fluxing through 
specific plasma membrane channels gains access So 
intracellular organelles and through this pathway lead* 

to activation of Ca^-dependent cellular functions. 

The molecular architecture and biophysical opera¬ 
tion of she cell membrane Ca“ channels are incom¬ 
pletely understood. The channel structures are protein 
moieties embedded within amt spanning the permeabil¬ 
ity harrier Of the phospholipid plasma membrane bio- 
layer, as illustrated in Fig. 23 J L Some of Lhe CV + 
channel blocking drugs interact wiLh specific ligand 
binding sites of channel dements, others seem to 
‘"plug" the outer orifice of the channel pure, whereas 
Other* may hove lo gain access to the cytosolic face of 
the cell membrane to in Leri ere with diannel operation 
(Sc tin mm and To wart 1985; Janis and Triggte 1984). 
Despite dissimilar molecular mechanisms. Lhe Ca‘ + 
channel hlockers share a common pfairmOcodynumic 
property: they all inhibit Ca" + influx and She associated 
Ca J+ -dcpcndcn< physiologic responses of affected cells. 


Pll YSiDLCiGic CONCEPTS, A schematic representation 
of cxciiatinn-cuntraction coupling in heart muscle cells 
and the importance Of Ca** channels in shfc physiologic 

are presented in Fig. 23.11. Caidiac-excilalioii 


initially involves a rapid influx of sodium ions iNltj 
through plasma membrane passagcwiyft referred lo as 
“fast Nr- channels.'' Rapid Na + influx depolarizes the 
cell membrane. Depotarization then leads to a volLace- 
dependent opening ol another type of plasma mem¬ 
brane channel referred. to us “slow channels" or 
dimply as “Ca ++ channels" tkeuler 1985k Calcium 
moves inward through these open channel^ and serves 
two critical inteTcoimected fsuteliuna on a beat-lu-beal 


baadi. It replenishes, sarcoplasmic nflkulum stores of 
Ca^ and triggers the re tease of additional amounts of 
Ci'" from sarcoplasmic reticulum storage sites into the 
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FIG, 23.1 I—Scbcmuuc lepre'-enlJlMxn of red membrane 
Ca" ctiaimd tomtvcfwnrt in cxciiaitDn^-Lvntracikin coupling 

in nu'irimuhun Iilt^uL. Nj‘ dwfftl fl) iijstii dm mg cell 0tcU 
LaiK'i). and die Inward Nr durrcfiE depebuizcs tlx- cell mem¬ 
brane. Depolarization: opens, QT" duiutsla (2k and Ca*+ 
influx trigger- shift of addtkiul Ca" from Mfcoptasiik 
reticulum (3) to coninctik proteins (4). Calcium channel 
Mocking drags reduce Ga“ influx through the Ca'* channels 
(2^ (Allen and Adun MW7). 


cytosol. The resulting increase in intracellular Ca*" 
concentration ([Ca**.^) proportionately activates llie 
contractile proteins of the cardiac myocyte (Up. 
2.1.111, and the heart contracts. Diastolic relaxation 
develops as the sarcoplasmic reticulum avidly ntse¬ 
questers Ca"* away from ihc contractile apparatus. 
Thus, Ca*" channel blocking drugs induce negative 
inotropic effects in the heart by reducing Lrans-sar- 
coLemmal influx, of acti vator Ca** (Fig. 23.11). 

Contraction of vascular smooth muscle is mediated 
by Ca** and depends on the influx of Caf* til rough cell 
membrane channels (Somlyo 3985), Therefore, Ci* ! 
channel blockade in vascular smooth muscle evokes 

vascular smooth muscle relaxation and vasodilalory 
responses in different vascular beds. The resultant 
peripheral vasodilation and accompanying decrease in 
peripheral vascular resistance lower impedance to lefl 
ventricular ejection, thereby reducing ventricular wall 
tension during slmke volume ejection. Diminution of 
ventricular wall tension during systole (i.e„ reduced 
cardiac afterloadi, coupled to direct negative inotropic 
actions of Ca** channel blockade in the heart muscle, 
pruptuiiuniiidy lowers myocardial oxygen demand. 
Hence, and tins is. m important aspect. Ca"" channel 
blocking drugs, cam preserve cardiac integrity by hemo- 
dynamteally lowering myocardial oxygen demand. 
Certain Ca** channel blocking dings also have pro¬ 
nounced coronary vnodilatinr effects, which further 
improve tissue perfuskm- m c i a ho I Lc demand relation¬ 
ship*' in the heart. This complex pharmacologic spec¬ 
trum probably explains the salutary effects* id Ca** 


channel blockade in managing coronary artery- 
ischemic heart disease and the resulting anginal pain in 
people (Katz 1985; Nay ter 190ft Opic 1984; Stone md 
Anlmann I9t3t Conti et al. 1985), 


ELLCTRfJI 3 If¥SfOL-CdIC CONCEPTS, The importance of 
slow inward Ca** cumnLs to normal and ahnorm-il 


rhychmidty nediuilsnv* in the heart is reviewed in 
Chap. 24 (Adams 1986b: Novotny and Adams 1986 k 
Brielly, usual e I hi n»p h y si ok»gic mechanisms id" the 
sinoatrial (SAP anti AV nodes involve Ca** influx 
through the plasma membrane Ca* 11 channels in ihcse 

tissues. Calcium channel blockade can suppress these 

nwrmal mechanisms, reduce sbius rale, and slow AV 


conduction velocity. There -iilso re evidence that aber¬ 
rant Ci** current Can arise from injured cardiac tissue 
and lead to reentry and automatic ity forms of arrhyth¬ 
mias that are responsive to Ca*" channel blockade. 

Because of llk'ir unique Ca 4+ -dependenl unliiirrhyLhrmc 
mecliaiiLsin^ the Ca" + channel blocker* are considered 
Class IV anlrarrhylhmic agents (Adams 1 
Novotny and Adams 1986; Vaughn Williams 1984) i see 
Chap. 24). 


NffHOMVSIOlJOGIC COMCEm. Cellule Ca** influx - 
efflux control mechanisms in set awry during 
ischemia and perhaps in many other fundamental forms 
of cellular injury (Tramp el al. 1982; While el al 
1984 k During ischemic and hypoxemic conditions-, the 
Failure of oxidative metabolism results in progressive 
depletion of cellular energy stones-. The ability of the 
cell to main La in energy-dependent ionic gradients is 
impaired, Leading to iniracelEular potassium ion m 
depletion m d uHieomitaiat intmieelltilMr Na" and Cf 4 * 
overloads. Cine consequence of increased |CV | is 
activation of Ca“ , -regulaced catabolic and lysosomal 
enzyme systems t Trump et al. 1982; While et al 1984). 
These degradalave enzyme* disrupt cellular regulatory 
functions with further compromise of cell membrane 
integrity and further loss of inn permeability harriers. 

The |Ca B+ ] i prope^wly overloads the cell via This 
putative pathway and sequentially inRiiblis. mitochondr¬ 
ial oxidative phosphorylation, impairs C"a" upLake- 
reLease functions of sarcoplasmic reticulum, and even- 
lually culminates in cell death and necrosis. Evidence 
for Mhis or an analogous senes of pathophysiologic 
processes funnel ing to the common event of intracellu¬ 
lar Ca"* overload has been derived from studies with 

various types of tissue, imclttdi ng. heart, wcutar mu*- 
de, and neuron (Trumpet al. I982;Whiteeii al. 1984). 
Calcium channel blocking drugs reduce the increase in 
|Ca^| by lowering the quantity of Ca’" influx, at least 
lhal eomponem occurring through the Ca** channels. 
Decreased |eri r then should reduce activation of 
C’a"-dependent degradaLive en/y mes.. thereby preliv¬ 
ing cell viability alter ischemic-rebted injuries {Trump 

et al 1982: White et al, 1984k 


Clinical Ptoc altions . On the busii of the forego¬ 
ing schema of physwvfoglc and pa t hophysiolngic roles 
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for Ca", it is now possible to discuss three basic types 
of phamiutfodynamjpc pathways inccsfpofiri ng Ca M 
channel Mocking drugs Lines cardiovascular therapeu- 

ties in veterinary medicine, First. by evoking arteriolar 
dilaEalkm and lowering total peripheral vascular resist¬ 
ance. these drugs should improve blood flow-oxygen 

demand relationships during hypodynamk circblattvy 
condition* such as heart failure. Second, these drugs 

should he able to restore hemodynamic siabiliiy in 
patients with cardiac arrhythmias caused hy abnormal 
Cm** influx patterns. Third, these drugs should directly 

prolong celt viability in various tissues during 

ischemic-related syndromes hy modu kiting ihe cellular 

Cm** overload cascade, Some essential issues remain 
uavuoM. however, and several impoitam precau¬ 
tions should be considered hy the clinician before these 
drugs are accepted for routine therapeutic use. 


PHARMACOLOGIC HtTEROtiENEITT. Although the 

Ca"" channel blocked share common cellular effects, 
they comprise Chemically unrelated subgroups with 
somewhat disparate [issue and systemic phoiTnaoiilii^fc: 
pnifilSpedding 1985: IV'leudh MW 5 ) Nifedipine, 
e g., directly reduces myocardial contractile strength 
and slows AV conduction in isolated cardiac tissues. 


However, these direct caiditKlepr-essanL effects of 

nifedipine may not be maniiesLed in pataenls with nor¬ 
mal myocardial contractile reserves. owing to more 
potent vaw>dilator actions Lind the resulting barorcflex- 

indueed cardiac stimulation. In contrast, verapamil can 


induce direct myocardial contractile depression and 

anliarrhyLhirmc responses at dosages that induce periph¬ 


eral vasodilatation. 


is a potent v 



that also directly decreases sinus firing rase in dosages 
that usually spare cardiac contractile mechanisms, Div 
similiifiLie^ in systemic phiinfiawlQgii; profiles have 

clinical relevance because they indicate that the various 

Ca' 1- channel blocker:-, should nor he construed a* being 
therapeutically interchangeable,. 


CARDIOVASCULAR SIDE EH*T£C.TS, Because of the 


essential physiologic roles forCa"' influx in activaliori 
of c-ardicivascular tissues-, the Qi" channel blocking 
agent* Can be likened to a “double-edged swordf' rela¬ 
tive to bfittfihnsk relationship*. On the one hand. the 
negative kncHtropic effects and cusudiluiur actions of 

Ci ip channel blockade can benefit hemodynamics by 
reducing cardiac workload. On the uthei hand, if unex¬ 
pected or Unabated, these same cardiovascular depres¬ 
sant responses obviously cany the fi&kof exacerbating 
underlying abVHfffilMe& of the circulatory system. 

Adverse circulatory side effect* of Cu"* channel 
blockade include oooliactlle depression of the Ik* art. 
with reduced cardiac output and hypotension. This com¬ 
bination of effects can result i n decompensation of pre- 


clinical or compensated heart failure, precipitauiin of 
pulmonary edema, imd worsening of the primary ail¬ 
ment Other potential side effects ire sinus bradycurdna 
and heart Muck attributable to direct ilqinessioil of SA 
firing rule and AV conduction, respectively. The 



siLy for cardiovascular depression should be considered 
whenever Cjl + " channel blocking drugs are used, This 
precautinn is especially valid in patients with preexist¬ 
ing or suspected myocardial contractile failure. 


CUNIC-vI Am.lCATCONS 


S-l i PR AYI : .NTR]f L 1 1. A R TACH Y AR R H YTH MI AS. The 


clinical aniiarrhythnik applications Few Ca 4 * channel 
blockade mainly involve the use of verapamil and 
diltiazem for treatment of supraventricular 


laehyanrhylhmias (Kililesoti et all IWh; Hamlin I9i6: 

Johnson 19*85: Adams l9H6a; Novotny and Adams 

19®6). Verapamil and djlriazcm are used for convers ion 
of paroxysmal atrial tachg^rdia to sinus rhythm. Atrial 
fibrillation and flutter constitute other importing 


indications iWavman et al. 1981; Smith cl aL I9SI). 
Verapamil and diltiazem usually do not converr these 
high-frequeTtcy atrial patterns to sinus rhythm hut 
effectively reduce AV conduction and thereby lower the 
ventricular race response, as discussed in Chap. 24. 


HfcAKF FAILURE 


SYNDROMES., Initial studies with 


nifedipine, verapumiL and diltiiLrem indicated, favor¬ 
able re Mills iii human beings wish chronic myocardial 
contractile failure,, valvular insufficiencies, or ubstruc- 
live cordkimyopailhies (Katz 19H5: Conti et al. I4t5; 

Lord I 1585; Rosing et ul, 1979), Beneficial effects 
were attributed lo reduced cardiac workload; improved 
JKWlic blood flow, with reduced regurgitant fraction m 
valvular insuffieielieii^; enhanced diastolic compli¬ 
ance. wiLh increased ventricular filling in obstructive 
heart disease; or a combination of these effect*. The 


therapeutic use of Ca*" channel blockade in congestive 
cardiomyopathies- with severe cardiac contractile fail¬ 
ure is coffiravtiftfial iColiKci d ml. 1985”, Joseph son and 

Singh 1985; Brooks et al. 1980: Packer 1985 k JutM-pb- 

■ogfetled camion in the use of 
these agents in psiiien<& with impaired ventricular pci 
fonwwoc and stated rhuc available data do not support 

the use of calcium antagonists as alterload-redueing 
agents in chronic heart failure. Pucker (19851 cautioned 
that both verapamil and nifedipine may exert notable 
depres Mini effects M right ventricular performance in 
patients with impaired right ventricular fume Lion. 
Coined et al. (1985) Similarly warned that Ca** chan¬ 
nel Mrekade in the setting of severe lefl veiitncuhir 
dysfunccion can remit in abrupt decompensatitM and 
develop men I of overt pulmonary edema. In contrast, 
lEcatiiwii! with verapamil or nifedipine seemed panicu- 
larly effective in huiium paiienis with hypertrophic car- 
dwmyoptfKhy (I ore 11 I9H5; Rosing et al. 1979). 
Became «f shared pailtophysiolwgic similaricies 

between human and feline obstnictive hypertrophic 
heart eondaiions {Tilley et al. 1977). il is not surprising 

thill Ca" channel bSocking drugs are useful in cats with 
hypertrophic heart disease. 


son and Sin^h {1985> 


WVPERTROPHIC CAR mOM VOPATKY- In Contrast Lo die 
lack of clinical interest for Ca** channel hlihAurs in 








471 / tartan J i tmtiSAtnitiOH 


i CMDHVAH1LU SVCTE1I 


dilated cardiomyopaihy, verapamil and especially dDti- 
i/cm arc being used increasingly in dogs juhJ Cals with 
hypertrophic cardiomyopathy t Bright I992| s Because 
of reduced priipcnsity for side effect associaled with 
cardiac ennlraelile depression, dihia/eni is ULPinmonly 
Ihe preferred dru u; tor this condition. Recommended 

il» range from L75 lo2J mg/kg CflSy BID to HD, 
As with any highly active cardiovascular drug., therapy 
willi dillia/em or other Ca" + channel blocker should be 
implemented with careful paGienl monitoring. 


t"lHC i:L.ATOKV shock and TRAUMA- Uakium chan¬ 
nel Hodcni drugs have been tested for salutary phar¬ 
macologic effects in expcrimental models of hemor¬ 
rhagic -shock, traumatic shock, cerehrat ischemia, 
cardiopulmonary ftsutchilloft. and odotounlc 
shock. .KLudics have Mwl various representatives of 
this drug group, including verapamil, {HJtia/ein, lid- 
ofla/.ine, nimadipine, nisoldipinc, nivadipine. and 
uiLrendipine (Adams IWHhjiL Initial data favored Che 
general conclusion Lhal Ca” channel blocking drugs 
cun improve the rtmt-or loog-knn cutcoax of various 
induced forms of shock and trauma. Other studies, 
however, have indicuLed lhal Cu" channel blocking 

effects were not helpful in some forms of induced 

shock and ischemia (Denis el al. JyH?-; Lunza el al. 
1984) and could result in further reductions in Mood 
pressure and cardiac outpuL. Ca"~ channel blocking 
drugs air not used in emergency dudkiAe deahng with 
circulatory shock and trauma (Adams 19864). 

Ins-esLigutors in human medicine caution that higher 
Hum “nptinuT dougn of C;l” chund Mocking drugs 
can imnspeeifieally alter CV-dependcm hemodynamic 
control mechanisms and thereby exacerbate the circu¬ 
latory instability already underway in a palieni with 
coinprom i.\ed cardiac funciion (Colucci ct at. 1985* 

JosephMin and Singh 1985: Bfwok*ei al IWf). Psnefecr 
1985 k Because of rhe pi Hernial for serious canttow- 
cular side effects usodiled wUfiCv* 4 channel Mocking 

drugs, ihc patient should he under diligent monitoring 
or hospitalized conditions during initial detenuination 
of therapculic response. With this conservative 
approach, patients with precJinicaL occult, or compen¬ 
sated heart failure will hive the advantage of immedi¬ 
ate care if cirdiovtsculir depressant side effecti imer- 

WK These complexities should be assessed 
judktettsly hy the clinician when ihe CV* channel 
blocking -Agents w considered for use in vcrcrinsiry 
medicine. Verapamil and Ml\ diltia/em are rap¬ 
idly finding a useful niche in veterinary therapeutics 
dealing with supraventricular tachyarrhythmias and 
hypertrophic condiomyopathics. 


Other Vasodilators, Several other vasodilator drugs 
have been studied and employed Ihcrapeulically in 
humans with heart tailure, including niLroprusside. 
niLnoglycenn. isuvurbide diniLrale, arid Cl** entry - 
blocking drugs. Clinical trials with dne compounds 
UK lacking in veterinary medicine Indeed, with ihe 
nniaWe exception nf a few oul.Uanding studies 1 Kittle- 
son et ul. 1 ¥ >K1, l L .H?5a,b _ , Itnmvkn ct al. I SIH.V Lllmger 


Cl al. |994 ) b controlled clinical drug trials in spouta- 
nmu COlQHlfn htfarl failure ill aniuial patient* are 
almost nonexistent. This is in sharp contrast so human 
medicine, where literally dram of double-blind. 
ptaccbo-mrtvoDed drug trials appear almost annually 


in the cardiovascular liicraiun.% Until such sludics are 
done in aniiual-s wuh spontaneous cardiac disease, car¬ 
diovascular drug therapy cn veterinary internal medi¬ 
cine will involve a somewhat empiric approach and 
should be implcmcnlcd carefully,, wi(h close supervi- 
don of each patient. 


ANCILLARY THKRAPY IN CONGESTIVE 
HEART FAILURE. The basic goal of therapeutic 
Tmuiagemenl of palienls with congestive heart failure is 
1o adjust cardiac outpui lo meet bodily needs- and, 
importantly, vice versa. In addition to improving 
mechanical performance of Ihe heart with digilalis, 
Other procedures helpful in attaining this goal include 
reducing oxygen demand by the tissues, improving 
oxygen uptake into ihe pulmonary capillary bed, 
decreas-ing pulmonury capillary pressure, reducing res¬ 
piratory fnrth. and reducing salt intake. Except for 
dietary changes, all these goth tlieoreiicully can be 
achieved by effective drug Iherupy and its attendant 
hemodynamic improvement* however, other ijiten-cn- 
lions may be necessary. This is particularly relevant In 
emergency situation* when time may nert be available 
for the full effects of digilaliv lo become mauifcsled. 
Several clinical aspecls concerning emergency man¬ 
age men! of congestive failure patients have been 
reviewed by Adam* (I98|) r 

Oxjgei n^msiids and Delivery, In animills with mild 
stag.cs of congest it c failure- to be treated as outpatients, 

severe restriction of physical exertion may be adequate 
to dKvwe rayfen needs. The owner of the animal 
should be advised that reduced physical activity will in 

all likelihood he necessary throughout ihe rcjnairider of 
Ihe animal's life. Initial therapy of severe cases of con¬ 
gestive failure include- complete inactivity in a well- 
oxygeualcd cage, especially if acule cardiac decom- 
pcusiiLiou is presented Aii oxygen musk, nasal cofllKter. 
nr even eadotncheul lube my be necessary in severe 
epiMxJes of cardiogenic pulnmnary edema; inlemiiltent 
posiinve pressure veniilatiim is sometimes required if 
HuilL accumulalion in Ihe lung% is overwhelming. 

Din relies. Use of potent kxip-acling diuretics usually 
is indicaled in congestive iailure. and some clinicLaus 
bdt ieve Ihcse agents are drugs tuf choke in this condi¬ 
tion fHamliu ct al., 1973). However, sole therapy wiLh 
diuretics alone should be carefully monitored, ffro- 
noujR'cd diuresis could reduce blood volume to the 
exlenl that ventricular filling would be inadequate. A 
reduced VtfltrlctdlT ill hug pressure ii gtKxl on lint 1 one 
liaiuJ bECUK it reduces wall tension arid myocardial 
oxygen demand and propensity For edema. Conversely* 
excessive lews of venous return without concurrenl pov 
ilive iidtenic effects may well lead lo reduced cardiac 
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mil [hi I. Mosil ctttfdiulQgiM'i, the livc of diuretic* 

in cftnjunclmn with positive LnrtmpU: drugs. 


Miirphinf- Morphine has been wlvucaUed aJ- tun agent 
of choice, second only b dfeotht delivery of tiny gen, 
in mujniLgLng pulmonary edema (Davis 1979). Mor¬ 
phine purportedly crafte beKficial effects by three 
actions: sedation and relief of anxiety;. conversion of 
rapid, violent venti.lately patterns in slow, deep respira¬ 
tions by depressing the respiratory centers.; and dilution 
of splanchnic vasculature, thereby diverting Mood vol¬ 
ume from She pulmonary to the systemic circuit, IV 
admiobtration of small quantities nf morphine (0,(15- 
0.1 mg/ kgl can he made every 3*6 minutes while the 
IMienf'* progress is ninnilorcd clcttcly- 

Inasmuch as morphine subslunliiilly reduces corn- 
nary blood flow in she dog, the question arises whether 
it is efficacious in tnutmeiU of cardiac dyspnea, 

Other Prnccdkires. RronehodMating drugs (c.g., 
ainitiophy lline) have been strongly advocated in treat¬ 
ment of congestive failure (Rollon 1977). Ami no- 
phylline and other xanthines are potent fomnchodila- 
tors, but they also have direei siimulatory activity on 
the heart, some diuretic activity, and vasodilator 
effects. A usual dose of aminophyllinc is 10 mg/kg 
given orally or parenteral ly 2 ID 3 times a day. IV 
administrations should be infused slowly, preferably in 
dilute solution, A Large number of bruiKJnwiihitory 
ajitituvsiA^-e^pectoivmt preparations have been used in 
congestive failure, hut the potential for unexpected 
drug interaction* should he considered. Nchuli/aEion 
of a 20^ solution of ethanol into the respiratory tract 
may he at some help in reducing foaming of res-pini- 
torv fluids in acute cases. Sodium intake should be 

r 

restricted on a long-term hasis to reduce the potential 
for edema formation. Low-suit dog foods are available 
commerciallv. 
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A.n anrhylhvnuj is ;m ahnaninjilily in lhe rale, r^jLiiinnly* 

(it silt' of origin of [he ctrdlic impulse nr j dbreptkM 
in impulse cunriHCtkm sucli chia[ lhe normal sequence of 
atrial and ventricular ictivfldm is changed. Although 
numerous drags hm been idntifled iliai suppress car¬ 
diac rhythm disturbances, rdidvely few jinimvriiy think' 

drugs have found strong clinical use in veterinary med- 
ki fife ‘this chapter focuses on lhe more common iinLiar- 
rhymk Iffllt ikeg with their principal ptiiirmaiudy- 
mimic actions on cardiac file and rhvlJim. 


KH'VTH MI CITY OF THE HKAHT- Normal cardiac 

rhylhmicity Ls maintained hy (|) clnmiikjiiKc of a simple 
pacemaker di^harging regularly wilh ihe highcsi fre¬ 
quency, |21 rapid ;uid uniform condsctkifl dtmijfl nor¬ 
mal muLc* of impulse conduction, and (3) lung and uni¬ 
form duration of the action potential and rclxactofy 
period of cardiac myofihers. In addition, duration of 
Che PUrVmje liber action putenlial numudiy uulJasls 
chai of ihe veatrkubr nnucte, ihus providing * safety 
factor preventing reentry and ree«diacion of the Park¬ 
ing sysla by ifa muck action potential A discur 
buH in any of the preceding factors tan be anrhyih- 
ID0|flUC^.g., am inappropriate inciHH in auuuifkiiiicity 
of normally laiem pacemaker cells* abbreviation of (he 
refractory pcriixJ, slowing of conduction velodly. or 
disparate refractory periods of ^djaccnl fibers. 


Arrhythmias often are associated with imbalance of 
the parasympathetic and aympatbetic branches of the 
autonomic sorwu ipteii; changes in serein elec- 

croLyte coKntvUHni P especially potassium jufcd caJh 

chid km (K* :u*J Ca**}; bypounua; acidosis; changes 

in coocen nation of carton dioxide; excessive sirtich of 
cardiac tissue: mechanical trauma; myocardial disease 
slates such as congestive lieuri Failure and viiul 

myocarditis; nuinemus drugs, and hcbffia and intyre- 
tiiwi of Ihe head muscle. 

Hemodynamic ins-Labilily occurring during eiudiae 
arrhylhmias. results- from alterations in heart rate, 
changing iIk* regularity of ht^irthcaEs. and losing aLnal 

Hgioaon in ventricular filling. Flccirmncchiniita] syn- 
chrony of the cardiac chambers k thereby Lost, culmi¬ 
nating in ineffectual filling and ejection of the ventri¬ 
cles and hemodynamic deterioration of the patfeaL 

AnEiarrhylhmic drags suppress arrhythmias, and help 
restore hemodynamic ttahillty by aUering basic eke- 
Lrophysi-ulugic processes in the heart. 

Electrophyskriogk Properties of Cardiac Cells- The 

dasrifialioa system for clinically useful ami arrhyth¬ 
mic drags is biLM^d mainly on the predominant pharma¬ 
cologic flTcir'Es off a dnig on the action pr^lcolial of car¬ 
diac cells i Vaughn Williams^ I*)R4 l Adams imi 
Accordingly, a useful underslanding of imtiiuThythmiL- 
drug iKlioiis and iLffiliutcd mimendature depends first 

4 in a guild u'LiillpfclbCiksiLHl of byssv hiiH.'ilrclrk' pn-^HT' 

bes of chc heart An oveniew of salient features cif iliis 
topic is outliiidl hclu^- relative m action iHriemiuls nf 
eardinc cells and ly pcs ni cardiuc antiythmogencsis. 


ArnOhi POTENTIALS Of CAltDIAC Cells. The eke- 

tri cuI aclavily -uN individual heusrl muscle lcIIs can be 
recorded with a micjocIcciiniJc capable of entering the 
intracellular space of a sinp.lc cell, as shown scheniali- 
cally in Fig. 24.]. Some of the common terms used to 
describe the configuntion and ionic determinants of 

ci hII k netkn p 4 Hienrial componenti lire defiiiped hrluw 

CAdamjv I9BA)C 

I. Membrane pntenciat is the vnllage diflcrencc 
across [he cell membrane, i.e., Lhe difference in electric 
cal vn-liape between the InEracellular and extracellular 
spaces. By convention, the resting membrane potential 
is defined as [he charge inside the cell relative lo the 
cxlraccllular side, in which case lhe resLing potential K 
a negative charge. An increase in resEing membrane 
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FK3. 24.1 <‘imbue uciiun |v/ltiIillIs iccnrifcd from a working myocardial OCll (A) aikl a iiOCUirial paoenukcf «M iBk Hie 

siunauUifiSkaiJL wtirloiku iimscCe oeLI (A i exhibits u, cuiwam phase 4 reding poljcnci-al during diaMok. ihaw the wtHTUfk fell 

(!!)• unduryivs ft p< 10Cant:u*i Jcpsdun/aBuwi duriiiu pluse I. It'udnig lu Ihreshnkl aibd SJXihLillCtms e^Cild Li'.'ll. The eel! is iWL- 

u lid it m fMJiurly ttSfWfud^ii lu addinuiLal Slimul i during. niULil of ihe action potential, alkJ Lilas Kfnrtory periL'ni help* pres eni 
■premaluiT eacilalion, See lest for Further dteCnirls. (Swme; Adam 1M6.) 


potential would therefore designate a more iKguive 
intracellular charge (c.g M an increase from -70 to -W 
mVL while u dttltltt in rating mefflrbrune pOdfflliul 

would designate a less negative intracellular charge 
(Ckgn a decrease from -70- no -50 mV). 

2. nefMilari/atiiin is the km of decrease in elcc- 

croiiepcmty of the imncdlular space, c.g !( a decrease 
in membrane potentbl from -90 to -50 mV (partial 

deimtaisvluin) or from -90 to CS mV fecmiplcie depo¬ 
larization). 

3„ Hyperpolarizau™ is an increase in elcctri»iiegii- 
LiviLy of [tic: iniracclluJur ipact. 

4 r Inward current is chc change m dccfrkaJ charge 

uenvss [he fell membrane that resulis from intTu ^ of 
positively charged ions or, alternatively, from efflux of 
negatively charged ions. 

5. Spontaneous depolarization uf automatic cells- is 
a physiologic and progressive decrease in resiang 
puLenLud dunnig diastole, leading spontaneously to 
threshold and automatic firing. 

6. Threshold potential is the membrane potential 
required for excitaiioh of the cell, initialing the action 
potential and affiliated cellular responses. 


7. Phase 0 is the rapid ilqnkrizali&jt pluise of the 
■tiifHi pi Hen i iu I of the excited cell, mediated by a rapid 
inward cmrai carried by Na* through fust sodium 

channels of ihe cell mcmhftuic. 

M. Phase I is the jmilial early repnluri/alion phase of 
the action potential. 

U- Phase 2 is the plateau phase of the action pcucn- 
liaL mediated in pun by a slow inward current carried 
by fa" through slow calcium l harmeh of the cell 
membrane. 

10. Phase 3 is ihe rapid repuluri/utLon phase ol the 
m lion powiiiiL returning mcrnfanirc pmemial to the 

disslobc lerel 

I I. Phase 4 is ihc membrane |xireniiul during diav 
lolc; it is constant in working muscle eel Is, but under¬ 
goes spHintanecMis depolarization in cells with auio- 
malicitv. 

'W 

12. Rirfraemry period is that early anil I ale interval 
of Ihc -iu'liim pole nt id during which exei Labi lily l>T the 
cell is essentially absent jfunclaonal refractory period| 
or depressed (relative refroclory period) respectively, 

13. Depressed frisl sodium ion I. Na^) responses are 
slowly rising phscse 0 dipolarijtMaons. due eilher EO 
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RG. 242—M—ie ditgium damansiraiing ihc itmportl 
rcbtkimliip& het« a ecu LijiiTviiiLTiilirjiic artkrn potentials 

icl' m ilIl’lJ 1 1 r-iri ceils i>l Lite siikuijCniil mule (SAj, Jiln.il mu**- 

ck, hirkinjK liber*. iinj venlriculnr muscle Cm text for dis¬ 
cussion I. (Modeled after Tnutwiftiin l%3. Sourer Adbins 
WM.) 


prervulure radiMton during the relative refractory 
peril hJ ofnormaJ cells nr exciiiiii™ of sick cells with 
low diastolic potentials depleted fm Ny + response 
action potentials develop cardiac impulses that propa- 

g.ne poorly with reduced conduction velocity, 

14. Slow Cft" responses are an&togoug to the slow 

inward Ca" currens during, phase 2; this reran is used to 

describe the very slowly rising phase fi ikpolarizMions 
mediated by Ca M when the fast Na + channels are inop¬ 
erative. Slow Ca r * action potentials develop cardiac 
impulses Itiai propagate poorly with extremely slow 
CdtiriuciiM. 

When ;i curduie cell is stimulated. Ilie ebeclrical 

potential measured across the cell membrane under- 
goes it depolarization -and repolarizaiion cycle iluu cun 
he differentiated into five intcrconiKCled component. 
These components are referred to as phases 0, I „ 2, 3, 
and 4 (Fig. 24.11. The precise morphology of the 5 
phases of Lhe cardiac ACtkd potential vanes with the 
anatomic region of ibe heart. A schematic diagram 
illtisiraciiig lire configuration of action potentials 
derived from SA tissue,, atrial muscle (AMl, Purkinje 
fibers (PF), and venlricular muscle (VM) is depicted in 
Fig. 24_2 along with corresponding waveforms of the 
elecirocardiogram (EGO). Action potentials of a sinoa- 
irial ptomito cell (Fig, 24,1B) and a typical working 
heart muscle cell (Fig. 24.1 A) will be addressed as 


ttUV1pl« of cardiac tissue with and without normal 

automarieity respectively. 


WORKING HEART MUSCLE 


CELLS. Electrical diastole 


is designated by phase 4 of the action potential (Fig. 
24.1 A); during rhi* period, lhe resting membrane 
potential of heart muscle cells is steady at about -90 

mV. The interior of the cell is charged negatively rela¬ 
tive to the extracellular space- this slate of polarization 

across the cell membrane is maintained primarily 
because of the unequal distribution of K + inside and 
outside the cellr The Na%K^aderumine tiipho^habisc 
transport system maintains high IfTbKellulir K* rela- 
Rive lo extracellular K r , and lhe cell membrane !<s ■sclee- 


lively permeable to K' during phase 4 diastole when 
£ Offlptf bd to other ions such as Na' or Ca"\ When ihe 
cell is siimulaled lo its particular threshold level, how¬ 
ever. the selective permeability chttacteriiiics of ihe 
cell membrane lo K' are momentarily lost. Other ions 
now cross the sarcolemma and produce lhe typical 
dcpolaiizadon^nepolariz^ion cycle ihut comprises the 
aelion potential (Fig. 24.1). 

Phase 0 of the aelion potential reflects die extremely 
rapid depolarization 
into Che cell through specific "fast Na J channels 1 '' or 
passageways of the fcaico lemma. As lhe permeability 
dUrtCttrutka of (he sarccilcmma are reestablished, 
phase 0 is Lerminaled as early (phase 1) and delayed 

(phase 3} repoMzatron occur, restoring the membrane 

4 (Fig 

24. J). The cell is inexcilablc cur nonrespnnsive to addi¬ 
tional stimuli during lhe early and, intermediate phase 
of ihti Lsci Kin ptjk'iiiiii'l cycle; it is only partially respon¬ 
sive if stimulated prior to complete reptdaricail&n and 
return lo normal phase 4 diastolic potential. This period 

of re fr ik' i on ness, provides a safety factor, preventing 

nocxciiaiinn by the initiating cardiac impulse itself. 
Phase 2 is the plateau of the action potential (Fig, 

24,1); ii partial ly represents a brief anomalou s delay in 

restoration of K r pemneabiliiy. In addition, a critically 
important component of phase 2 comprises an influx of 
Ca 1 " through specific “glow Or- channels" or “slow 
cation channels'" of lhe cell membrane. The plateau, 
phase is importunl because this slow inward C'a ,+ cur¬ 
rent is the mechanism whereby membrane cxcirniimi k 
coupled to activation of il* contractile elements. of 
heart muscle cells (Parker ami Adams 1977), The 
influx of Ca r " during phase 2 (riggers a release of 
greater amounts of Ci** from inrtmrel lilliu storage sites. 
The increased availability of cytosolic Ca** directly and 

projuinionatel^ activates the contractile machinery of 
(he myocardial cdb. As will he addressed subse¬ 
quently, the slow 1 inward! Ca" current participates also 
in certain types of uulomatieity mechanisms and con¬ 
duction disturbances. 


po1cn1ii.il to its resting diastolic level of jilui^- 


spike produced by Na + rushing 


SINOATRIAL PACT.MAKER CELLS, Unlike working 
myocardial cells, automatic cells du nul exhibit w 
dearly definable resting membrane potential during 
phase 4. [instead, phase 4 is characterized by a slow 
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SrpcntaneoiM! depolarization to threshold potential (Fig. 
24,1 B |, I hereby discharging automatically and leading 
into Ihe more rapid depolarization of phase 0. How¬ 
ever, i he slope of phase 0 d^llizslieNi of SA puce- 
maker ceLUi is much leu than chat of working muscle 
cells (Figs. 24.1. 24.2). This distinction may be 
explained by a component of alow Ci 14 influx in I he 
genesis of phase 0 depolarization in Lhese types of 


automatic eel Is (Adams 1986). In addition fu SA p*06- 
maker tissue, cells with normal: automutidly (mj„ 
spontaneous phase 4 depolarization) also arc found in 
specialized atrial conduction tracts, the distal region of 
the AV node. AV valves, and PF, Although working 
muscle ceils do not normally develop spontaneous 
depolarization during, phase 4 ting. 24.1 A), they may 
generate aberrant automatieity during heart disease 
and thereby mediate or contribute to associated 
arrhythnmgenie events. 


GaKsilitutiuEi of A rrhylhmiigi'iik M rdiu nism&r 

Theories on the basic mechiLnisrns involved in genesis 
of cardiac arrhythmias focus on abnormalities of 
impulse formataon (ijfc„ arrhythmias caused by change* 
in autumaticity). inplse cooducdon (i.e** Birhyilimlas 
caused by reentry phenomena). mi a combination of 
aulomacieily and reentry (Singh ct al. 1980; Binah and 
Rosen I984 l Buy den and Wit 1985). 


DiSTURiSANtT.5 in Automaticttv_ The action poten¬ 
tial from the SA node. AM, PE 1 ', and VM are shown ill 
Fig. 24.2. The five phases, of die action potential (0, I, 
2. 3, 4) are numbered in the first complex of VM. 
Notice spontaneous depolarization (SDl, maximal 
diastolic potential (MOP), and threshold potential (TP) 
in the automatic cells of SA and PF. The resting mem- 
brume potential (RMF) is shown in the nonuuCoiihiiiic 

cells of the AM and VM. The P wave of the ECO cor- 
responds to depolarization of SA and AM. while the 
QRS complex and T wave conespcNid to depolarization 
and repolarization respectively of ventricular cells (Fig, 

24.2). 

Automatic cells off the SA node normally arc (ho 
dominant pacemaker, reaching threshold first w ith the 
resultant propagati ng imptik exciting all other poten¬ 
tial pacemaker cells before they spontaneously attain 
threshold value* (Fig. 24,2). If sntomatkity of the SA 
node is depressed or the spontaneous firing rate in 

some other tissue (latent pacemaker I is accelerated., 
regions of the hurt other than the SA node: may serve 
as the pacemaker and initiate ectopic impulses. Exam¬ 
ples are shown in Fig. 24 J. 

Automuitidiy is enhanced when the slope of phase 4 
SD is increased (e.g.„ from a co b in 1 of Fig. 24.3); this 
decreases ihe lime required to reach TP. thereby 
increasing the frequency of spontaneous-dischaige; The 
result is. an increase in heart rate when the SA pace¬ 
maker is involved or emergence of ectopic beats if a 
normally latent pacemaker is involved. By decreasing 
the slope of sponsaneous depolarization. (e.g. B from h to 

a or from a to c in I off Fig. 24.3). drugs can depress 
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I'Ki. 24.1- SdkmmSiv iepit'M:i]Lil»mis >e> 1 t ili r i•*-iiiuhi 110 
;iiTln-n fK^i'nliLils of cardiiu: trills. with Hhe prstpeiiy uf uutu- 
ni^lH-’ily fffll poluinhal iiilvIljiiimiis uhurehy anhariliy llmnc 
drugs eon influence jiUnrn.tfidly (sac iu\\ for discussinn). 
(Modeled alter KtHfTniau and Cnmcfickl l*Mk Masun ct ■!. 
1973.) 


ectopic foci iiibd restore normal sinus rhythm without 
affecting MDP or TP If a drug raises TP to less nega¬ 
tive values S.e.g., from TP-a to TP-b in I! of E'ig. 24.3), 
additional time will be required to reach TP, thereby 
depressing automaticHty. By increasing the MDP ic.g_. 

from MDP-a Lo MDP-b in 111 off Fig. 24.3), □ drug can 

suppress automatic ily since additional lime would be 
required before TP is attained. 

Disturbances in Impulse Comhjctidn. Arrhyib- 

mias caused by disturbances in impulse conductum are 
thought to be associated witli a phenomenon of reentry 
of circus nwveiiMifB. The concept of reentry is based on 

very slow L-cmduLrLkin valueily. ;ui arcu ul‘ the Jitrail 

demonstrating unidirectional block uf impulse: coriduc- 
tkm and perhaps an abiwjrmaHy brief refractory period 

(Schmidt and Erlanger 1929; Wit et al. 1972. 1974}. 
This theory holds that a cardiac impulse can travel cir¬ 
cuitously around ?m aiucomie loop of libers in which 
slowed conduction velocity and brief refractoriness 
permit the impulse Lo irritit at cells that are nd longeT 
refractory, [hereby permitting perpetual reexciEutiorL 
A schematic demonstration of impulse reentry at a 
junctional region between PF and venlncoiar muscle is 

shown in Fig. 24,4 (Adams 1986}. Acceptance oF this 
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HG. 2 -I .-4 -SchLiiuLiL nrprvurnlarKwis uf pulunLinl mechanisms invnlved in curriLh' urrhyllivni.Ls -s/nu^ed by reenlry pheiKmleRli. 

I. Normal. Tk L'drJiuK.' inifwlw (anms I esits a nuin humlltf hmnL'h JMH) cif Itic- l-Nirkin ju system iinil enter* l^nnkival Fiirtc- 
ilkjtr branches A aissl If. I "he impulMr unilcrmLy and rapidly enclles a vcrjrornl nl' ycMHm l:ic rmisvlf 4 VM) yrej would fre extin¬ 
guished wslJun I be \'M due 1u rcfraL'ICHincsi of I he cells jiisl evcilcd 

it Nannal ennduelhwi -and umdimsicunn] hlnrk. Rcciusc of an bfc-d of dunupjed: tiuue (shaded area} elm Model antegrade 
rtHh ctio n in hnuK-h A- tfa impyl** tru verging bmdi R nnO (be VM » ill adit branch A, The inpnbe will tam branch A 
iind (hr area of unidirectional Meek through a retrograde pathway: h ohw, sinee il is eurtluLicd at a Annually fust speed, ii 
will ciksnjnCcr mfracLury culls hipcn square!] und he cxlinguihhed. 

[II. S-loft LOmlueimlL vc UtL'iry and nu bluet. Allliuug]i die cartEiac impulse may he cemducLeLl nl an abnumully xknv velocity 
(wavy unnvsl. Elis? Iaxr!k nl unulirudinnal -cnruLuclion hi net £"41 the impulse h> arrive #1 icfnctOVJf cclK and esii ntiuish. 

IV. stow dsnduLLiun awl unadireeLiwut hlodL Sjme a* N hui the speed of impulse cmdncthm throogli ck area of nufinc- 
ticH-ial block (wavy inutti), .nid perhapw Ihrouph B nrnl VM as well, is w daw rlui the anpHlK nccnlui cell* after [heir 
rtfrtCWTJ peril id. Thu^ tk impulse can np«iscr Ik COWJuCbOD pfltmy, ihcnfby CttHMuOg popcftud MuWflL -I Mudi'lL'i] 

aAefOwfletd 1573 ; Mason tt ai.. l 973 rSfliK Adtttt ] 9 ( 6 j 
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FKL 24 . _®i Schumann diagram *A inwhniL'inbranc jKiLcfilmlh I'CIVI F" I a>f a. working vunliiLular muM.br cell. The inujumaJ rabr |if 

rise of phw 0 dcpoliirbtfHan nf (he action pomiAb labeled a, b,*, n) 4 drperajk m the mapmtiidr of ihr TMP iit thr Ume 
of craUkn Thus Ihc nur of dqnWndn is lent ji l™ level* nf membrane potanlid (iXhcconn pr uf f uw vdy greater nt 
TMP unom (b,cK and finiJIy reaches n maximum he the resiing pnicnrunL cdK BP ■ re ftiawy period. RWP • neLaiivt 
refractory period. AP * action porcnciaL TPsihne^hold putntial i Mason et at. 19731 . 


theory wiix delayed by difficulty in ^ihualtging a 
dtwrfijrve in conduct ion velwily HidkrquaLt to comply 
with the value deemed necessary for establishing reen¬ 
try plienofliieiliL. After all. die uuniiiil conduction veloc¬ 
ity in PF can be as high as 2-4 m/xee. thus displaying a 
high safety factor for impulse propagation. As will be 
discussed in the foUottdof section, however. the vtkx- 
ity of impulse HndKtkn C4tn be diminislied Lo as low 

;i* 0.01-6.1 ntoc by patintogtc vnhrrgence of action 
potentladi thiit desoutrate activatloo-dne ifvvtlun 

kinetics that arc remarkably slower than the normal fast 

response*- 

Reentry theoretically «Mld he controlled hy a drug 
Lhal cither creates bidirectional block or hidirectionud 
conduction d trough tin' region of cells causing the unidi- 
ion^l block; £j£celeraic% spgcd of impulse iamdueiion, 
thus reluming the impulse bn the sire of reentry when 
cells are still incx citable: prole wigs act km pete nliuJ dura- 

Liun lit Ourniid uells, llKiuby ir.Mendin£. tlicir nrl nxJciTY 

period; or exhibits a combination of the above action*. 

It should he appreciated also that other forms of car¬ 
diac eleLtrophysiologic disturbances, in addition to pri¬ 
mary abnormalities of impulse conduction and auto- 
matk-ity. may be important. Examples would include 
atnn>nhat ■excitability, early afterdepulari nations., 
delayed afterdepuUirizations, triggered electrical activ- 
Mes, and perhaps others. However; genesis of ihesc 
types of abaomlftiH may overlap nKcbutatiulIy 
with lIj-.ci.i i h-.i: i._ ■.■■■. nf automaiiclty and impulse ennduc* 
tkm. Thus arrhythmias arising from primary automatic- 


ily and conduction iibnunn aliEies arc adequate lor mod¬ 
eling Lhe clawrt *i( iuitiiurhylhmk" drug* relative to 
ihcir effects on cardiac uclion potential charKleri sties 
and ujrhyllimi>ge3K>is, 

FAST AND SLOW RESPONSES AND CONDUC¬ 
TION,. Phase I] depolarization of a vpmiUuieuuxly 
active FT. and also of nonnhmitic muscle cells in Lhe 

atria and VHVtrlelet, represents the Lntn*membfune 
poicntial change caused by a rapid influx of Nt 1 

timnggh ,L fas[ W duudi" of the cell membrane (kc 
F igs, 24.IA, 24.1). There is UKraanug evidence that 

phase i) of auiomaLk SA and AV nodal cells is depend¬ 
ent upon a. stow influx of €a‘ T [tuough “dow calum 
ebynnels' 1 of the cell m e m bra n e ihai irre qune distinct 

from ihc fast Na 1 passageway*. Under pqihoptiysini- 
logic influences, cells that normally exhibit fasl Na . 1 

cunvnLs cun dkrwh^p shiw ("'•**' ■ depend a n I ^ilitctiLs 

leading K> CLmducrion disiurhantes. 

Conduction of a cardiac impulse through the differ¬ 
ent FegkHLs of the hear! is dependent upon bioelectric 
churatieristLes of the individu^al ceils in each region, 
llie velocity of impulse conductkm varies direclly with 
magnitude of the maxiuiLil rule of depotun/iition of the 
canliue cell {V^, j, which is determined in tum hy mag¬ 
nitude of the trails membrane voJlage ut One instant of 
excilatiun (Fig. 24.5). If the intracellular potential ts 
mtaeed to less negative wkifH,^ and cmdnctkn 
velociiy dnrae proportiooafcly i Fig 24.5}. 
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T ABLE 24.1—Ctmipuristm of properties of Hast NiT mid slim- inward currents in cardiac muscle 
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Overshoot 
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0 to +15 mV 
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l”nihahLjf ihTue 

May inedtaLc 
pacemaker pgtantkh 

CjEcthul amines 

Lucie effect 

SEgnifieafM 

enhancement 
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ft now seems thin many cardiac diseases and distur¬ 
bances can cause the diastolic potential of myocardial 

cells to become I c\% negative.. i.c., ihcy become par¬ 
tially depolarized (Hoyden and Wit 19HLVL As the dias¬ 
tolic potential approaches about -GO mV. the fast Na’ 


channels normally responsible for the rapid influx of 
Na + during phase t) depufarization become progres¬ 
sively inactivulcd. If the last Na" channels are com- 
plelcly Inoperative owing lo a resting potential ktt 


than -60 to-55 mV, cells may generate action poten¬ 
tials with an extremely slow rate of depolarization (i.c., 
a low V ) caused entirely by a sk iw current flowing 
through the slow calkin channels- of lhe cell Fneirlbrarie. 


Sufih an iiL'tiLMi |xiieiali;il is called a 5%l«w response and 

thought lo be carried predum inanity by Ca^. It is now 
believed that stow responses mid associated inegu I an¬ 
tics of impulse conduction may be involved in the gen¬ 
esis of dillereni types of arrhythmias (Cnulefield 
1975)l Some comparisons between fast and slow 
inward currents and their associated dearcfrivy&iolojK 
properties are provided in Table 24. h 


ANT1AKKHVTUM1C DRUGS 

flaxsifleatiiijii. Investigators have attempted lo clas¬ 
sify anliarrhythmic drugs according lo Lheir electrt>- 
physiologic actions, but disagreement hove arisen 
owing to lack of consensus over which ding-induced 
changes in the UnnsiMfllbfaM potentifl] sue responsible- 
for anti arrhythmic activity. The classification system 
arivncalcd by Vaughn Williams \ 1984) and co-workers 
has become the standard nomenclalurt: model fof 
intiarrhylhmk drugs. This system IS rather straightfor¬ 
ward; it is based on the observation that most antiar 
rhythmic drugs have one dominant eliectrophysiologic 
action on the myocardial cell, which may he influenced 
by Lhe drug's subsidiary myocardial effects els well as 
its exLracordiac Activities (Adam* I9W). Antiunhyili- 
mic drugs arc divided into dasi I to IV in this system, 
te sununorired in Table 24.Z. 


Class [ DmiOS. Class 1 drugs are potent local anes¬ 
thetics for nerves us well as the myocardial cell mem¬ 
brane, hut this activity is generally more pronounced in 
the heart Lhan in nerve libers. The dominant decLris- 
physiologic action of Lhis group is a reduced maximal 

rate of depolarization of cardsiac fibers, This decrease 
occurs without a significam change in the resting mem - 
bmtt potential. This activity is associated in turn with 

m increase in the threshold of escicuhility, a decrease 
in conduction velocity, and in some inslances prokn- 
gation of the effective refractory period. These alter¬ 
ations invariably we associated with an inhitNtkn of 
[lie spontaneous diastolic depolarization in automatic 
cells. The effect on pacemaker celK especially cefcopi- 

cflJly active ones, seems to be more prevalent than 
effects on conduct ion velocity of excitability, Thus hy 
inhibiting spontaneous diastol ic depolariEation. CIilss 1 

drugs can control arrhythmias caused by enhanced 
automat icity. Also, hy pro long mg the refractory period, 
these agents are likely to be effective an abolishing 
reentrant tachyarrhythmias. 

Since quinidine is Lhe original and prototypical Class 
1 drug, compounds in this group often arc referral to 
collectively as the "quinidine-like' 8 iflliaflhyihmtc 
agents. Some imponant dissimilarities exist, however, 
relative to tile precise effects of the different Class I 
drugs on phase 0 depolarization in normal and abnor¬ 
mal cells, action potential dural inn. and length of 
refractoriness. These differences pro in pled Keefe et id. 
(1*981) to plate Cites I agents- inti* three subdivisions; 
Class IA, IB. and IC- 

Cbss IA includes quitiiJLne. prcttuinarnide, and 
diraipynimidc- Their distinguishing features include a 
consistent reduction of the rate of pha.se 0 depolariza¬ 
tion in normal and injured cardiac cells. Class IA 
agents- also uniformly prolong lhe cardiac action poten¬ 
tial duration and especially the affiliated refraeiory 
period. 

Cites IB drugs include lidocainc, phenyioin. 
IminUe, mexiletine. md apriodir*. Although hot™ 
controversy exists, a distinguishing feature of Class IB 
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TABLE 24,2—Classification and mcdfeiiiiisiTU of action of antiandiythmic drop 

Dqffesnn Depression 

frf Afl of slow 

Class Drug Na fc V ui Action paceniitd duration P-Slueknde K^pum^ Eafracardi;*: rifoeu, 

] LauF diurirt rt' ogtniM—m trmhnm t i&Msffit 


Quinidinc- 

-1+ 

Lengthen + 

Slight 

0 

Ati 1K' Ik y] i mf rgi l 

Pnviiirvirniik 

4+ 

Lengthen + 

fi¬ 

0 

Ant&eboliurgle 

flAiaki# 

44“ 

Shurtcn + 

ll 

D 

Local Bwsthclie 

Plienytoin 

4+ 1 

Shorten + 

0 

0 

Arukonvulsaiu 

Disopyrainlde 

44 

Ij^n^lhyifi 

11 

0 

Anlkhrtslinergic 

Aprindint 

4+ 

0 

D 

Q 

Anlkum-uistuit 

Tminkfc 

44 

0 

0 

0 

Local UKSlhctk 

IE $blottm 

Pruprarwdal 

4 

Shnrtcn + 

44 

cr 

Slight 

OtyprenoJol 

4 

Shorten + 

44 

CP 

Slight 

Alprcnnlot + 

HI Ajemto prukmg act,im pawnfitrl drmaritm 

Shorten + 

44 

& 

Slight 

Bmylium 

0 

Lengthen 4+ 

Mouran hloekude 

0 

ItvjkiLnionn 

AmifKiamnc 

0 

Lengthen 44 

0 

Q 

Coronary \aMxiilaL<rf 

IV Co-' duwHfMoribare 

Venipamil 

0 

Lengthen g4m.se 1 

LI 

44 

C Linmary *. :isi -.Li3:iUm 


.in-.I 2+ 


Smarts: Singh el ul. I9HK Vaughn Williams 19Si4_ 

Note: 4+ - principal deeirephyMologic actiom + = subsidiary action; U = Utile vt no effect m pn.-fcuiiH.-ci rhnrapeui il- plasma 
concentration*. 

“May (tarasc Ni* candodUKe La injured. rather than ihmitioI, edits [sec text fet subdassLfiejiioa of IA, IB, mid 6 C|l 

*Majl LlkJirCLlly uiliihiE i]itu rtspixiiMis ihuL are inihaUid hy i_ ;jk'LhnlmniiiL r -- 


drugs pertains to their nrklion of phase 0 depolariza¬ 
tion and conduction velocity in injured cardiac tissue 
but much less effect on these variables in normal ceils 
(Table 24.2 1 . Another fcatWW of (tic Class IB com¬ 
pounds is their mininuLl shortening effect on action 
potential duriUion and refractory period (Tabic 24.2). 
This as quite different from qui nidinc and oilier Class 
[A drugs th-.it reliably prolong action potential duration 
■nd refractoriness. 

Three principal members of Class 1C arc encainidft, 
lorcaLnick, and ikeaimde. These drugs, Like the quini- 
di ne CLhh IA group, markedly depress the maximal 

rate of phase 0 depotarintioii in nonuJ us well us 

abnormal cardiac cells. TJte Class IC agents, howmr. 

excri little effect m refractoriness and action potential, 
Although the anttanhyttnok; drug clasiifkalkn sys¬ 
tem facilitates tun understanding of the various agents, 
the clinical importance of the subdivisimh ul Class I 

drugs remains to be established. 

Class II Drugs. Class II drugs, are defined as agents 
(hat exert anLitidrcnergic activity in the heart. Clinically 
useful Class II drug* arc P-blocking agents; these co im¬ 
pounds art dittku«ed in Chap. 6. Propranokd is Lhe 

prototype of Class II; newer agents Include 
oxypretiotnl, alprcnoloL UHlDffOtoL, timolol, and pin- 
doled. The basis, for classifying agents that block car* 
diac sympathetic stimulation into a separate category 


derives from the fact that hyperactivity of the sympa¬ 
thetic nervous system is un important factor in patho¬ 
genesis of different types of arrtiyihifiiax, especially 

tachyantiyihraira associated with ectopic pacemaker 
foci. By reducing sympathetic input, p-hlucking thugs 
obviously would be effective in controlling arrhyth¬ 
mia* asaneiitfed with sympalhoadrenal discharge. 

In addition, propranolol and some other p-Mocking 

agents exert Local anestbetie activity. They have been 

classified by some fnvesiigauits m qumidine-like 
agcais rather than being pieced in a separate antiadreri- 
crgi-c category. At shi> lime, however, it seems that |J- 
adrenoceptor Mocking Agents in therapeuLiedly effec¬ 
tive concentration* act primarily and perhaps 
exclusively by fi-adrenergic blodlde; their local anes- 
ibetic properties, apparent in high conL'entratinas, may 
be unimponaJH in i-c-inlnd l>I eardiiu: urrhyLh mills 

(Singh et aI. 1980k 

Cl ASS III. DRUGS, CliSi lit drug 1 ^ produce a ' pure' 
prolongation Of the action potential, thereby extending 
the rcfr&CiOfy period. Development of this Concept is 
based on the dhservatlnn (hul cardiac arrhythmia* are 
frequent in hypcfthyroid states, which exhibit brief 
action potentials, but infrequent an hypothyroid condi¬ 
tions, which exhibit prolonged action potential dura¬ 
tion. Ait anlinnginal drug, amiodumne. was found 

lo exert ajittarrhythiiiie activity associated with a 
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prolonged action potential duration without cffcui 

on idling vDembiUK potential. Bretylitsm. an adrcner- 
gk DHtonal-Mockioe bjicm (Chap 6), lias Cbn Ilf 

activity, 

Cl.ASS IV DRUGS, Clash tv drugs an; generally clas¬ 
sified as calcium antagonists nr CV"* channel hlnckers; 
they not Jillle toed UKStfaebe KCmCy on fast Na 1 
responses bui have relatively specific inhibitory dfecu 
oq Ca"-dGpend«t alow responses, Benue of slow 
Ca"* current! partiu p-uti un in AV nwlal cooductfot Car* 
Nwkm alow AV conduction and (hereby have appli¬ 
cation for controlling supra vemrieulai iinrhyilimias that 
involve AV reenlry pathwiyv(Allcrtend AdllH Infill. 

Actum potentiate may also arise from cells with pace¬ 
maker activity on ihe buis of slow Ca* 4 inward cur- 
rents. Thus blocbde of slow Cl** responses may con¬ 
trol both ectopic and reentry arrhythmias when such 
disturbancct are dependent un alow rnpoise activity. 
Verapamil t§ the prototype drug of Cl ass IV. 

Autonomic 1 Drugs. With exception of the ft-adreno¬ 
ceptor blocking agents autonomic drugs usually are 
not included in classic groupings of antiarthythmius 
However, the clinician should not overlook the foci that 
during the actual practice of medicine. drugs other than 
the dusk auiianhyilirmv igefltt generally arc pre¬ 
ferred in eon I rolling arrhythmias associated with 
uucumplicaled auLonomic imbalance Atropine. c.g. B 
would be an obvious choice when severe sinus brady- 
canfii or sinus arrest is jracalcd secondary to vagal 
discharge and accumulation of acetylcholine (ACh). 
Epinephrine is indicated in ntempu to restart the heart 
after cardiac arrest, isoproterenol is useful in reversing 
AV block, anti both can he effective in increasing heart 
rale it' sinus bradycardia tnochted with impaired sym¬ 
pathetic drive ts diagnosed (Adams l YH I; Tilley IW5). 
Pharmacologic aelions id’ihe autonomic drills arc cov¬ 
ered in Chaps. 5-7. 

Digitalis. The |ihuniuuei.dogic action of digitalis, a 
guile useful antiarrhyrtiniie Agent for controlling ven¬ 
tricular robe in auud uchyinfaytiunia^ tedtecoued in 
Chap. 23- ll should he remembered thuf irrespective of 
the presenting arrhythmia, digitalis glycosides gener¬ 
ally are Ihe agents of choice jf congestive heart failure 
is involved. 

Quiiiiclim 1 Sulfate, Qmidme Suljiiti\ Uli P (Quinkleii. 
(Juiniciuil]ne|! fe is Ihe dcstrurotaLory isomer of quinine. 
Both compounds ore present in cinchona bark, and their 
use as jntkrfhythmk drugfi can be traced to Wencke¬ 
bach in 1414. Tin* Viennese: eardiologisi learned that 
quinine, used to treat malaria, could also control irregu¬ 
lar pul.se rates, in patient with atrial Fibrillation. Suhsc- 
quenl invest Ration indicated that quinidinc was more 
effective than quinine, and die former became a drug of 
choice in controlling atrial fibrillation. 

Quinidinc has both direct and indirect effects -on car¬ 
diac rhylhmicily. l.ike other Hass [ agents Ffable 


242 %. poidiiK deernm the maxima] rote of pliy™ 0 
ifcpilari/aciofl of cardiac c@U&, This activity is demon- 
Mruhte in alrial. ventricular; -iind Purkinje fibers: it 
reflects a direct depruant effect cm Na* peimeabUity 

l*t ihe relationship bfitwcei resting membrane potential 

and Na* conductance |see Fig. 24.5), Quinidinc also 

decreases Ihe slope of spontaneous, depolarization of 
Purkinje fibers bus usually spares auiomaLicily of the 
SA node except when excessive amounts are adminis¬ 
tered. llius careful use of quinidinc can control ectopic 
automaLicity with lew effect on firing frequency of nor* 
maJ pacemaker cells. 

Clinically useful doses of quinidinc prolong the 
effective refractory period of airial ami ventricular 

muscle with relatively ks effect on the refractory 
period of normal pacemaker cells, Quinidinc k sub- 

typed as a Class EA drug owing to iLs characteristic prn- 
knigation of the refractory period. The capability u-f 
quiaklre to directly priloog tin- refractory period of 
atrial fibers is Ibought to account for its efecthtoos in 
convening atrial fibrillation to sinus rhythm. 

As a ^ab^idiury fictUm. quEnidiile exerts an alrupine- 
like vagolytic effect and therefore antagonizes the car- 
disc actions of VBgally released ACh. This activity coffl- 
tributes to the effectiveness of quinidinc in controlling 
alricil inchyiirrhythmio* because the action ol ACh Id 
shorten the atrial refractory peril*! wvuld be onlagii- 
ni/etl. Thus quinidinc mu only directly lengthens Lhe 
refractory period, ini; also acts indirectly to lengthen this 
parameter by its anticholinergic action (Moss and Pal- 
lon 1973). An adverse result of lhe aLmpme-like octiv- 
ity of quinidme. however is inptwtd AV conduction. 
Accordingly; an utowinl effect of qymk&nc in treat¬ 
ing supraventricular tachyarrhythmias is a sometimes 
pronounced increase in ventricular rale before lhe atnal 
dysriiythmia itself is controlled. This characteristic 
seems to be particularly prevalent when quinidinc is 
administered by the intravenous (fV) route. 

To avoid the potentially dangerous acceleration of 
ventricular rave by quiikrdine. il is traditional to first 
pretreat wiili u digiialis glycoside. The Utter slows AV 
conduction and can thereby provide control of ventric¬ 
ular tuic in atrial fibrillation and flutter (sec Chap 23). 
However, canc should be ejtcrcised in the concnmiUnt 
use of digmein and qumidine, since the loJtcr may s-ub- 
stanlially increase lhe plasma concenlralion of lhe for¬ 
mer (Lahcy cl aE. P}7$%. 

wm ■ b 

Acute quinidinc toxknxs ischaracleriml hy hemotiy^ 
namk changes due torgcly lek nonseledive depmam of 
vorwus elLVtnnnechanical funclmns of the heart. Impulse 
Lxmduclion thnjugh Lhe AV node can be depressed to Lhe 
ttltefll ihnc AV Mock develop, SA block and even ven¬ 
tricular fibrillation may alM> occur, Hypotension, 
decreased cardiac output. Jcene-oscd myocardial contrac¬ 
tility, and pmkmgatinn of the VR, QRS, and QT intervals 
of the LXTi can result if large amounis of quinidinc are 
administered intravenously. IV administration is not 
adviicjjted because of potential dangers. Quinidinc and 
other Owh 1 agents usually are considered to be con¬ 
traindicated in AV block or intraventricular block. 
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(jhhnsdinc is absorbed efficiently and rapidly when 
administered by the oral or intramuscular (IM) ralt 
After |V administration,, quinidme rapidly passes from 
the blood and distributes in tissues; distribution equi¬ 
librium h complete within 30 minute* (Neff et a I. 
1972). Approximate plasma half-life values in hours 
are: dogs (5J)» swine (5.5b ponies (4,4bCHS (1.9), Hid 
goats (0.9). Protein binding varies front 82 to 92%, A 
large portion of qutnUJine undergoes metabolic degra- 

daiion in the liver, and less than 4(1% is excreted in 
mine. Dissimilar rales of biotransstormaiirtn and elimi- 
nalion probably account for species differences. with 
this drop. 

Clink.' al Aspects. Quinidme has generally been 
less successful in LreaLitienl of atrial fibrillation ill small 
breeds of dogs tPetweiler 1957) than in large breeds 
such as the Grear Dane, St. Bernard, arul Newfound¬ 
land (Pyle 1967; Bohn cl al. 1971). Apparently. atrial 
fibril Lot ion can occur in large dog\ with less extensive 
cardiac palhnlngy than in small breeds. 

Some of the inc-ofisistcncies about the effectiveness 
of quinidine in control ling ^upravenLrkular lach- 
yanrhythinias in dugs may be explained partially by the 
differences in doses used by different investigators, 
DvtweikT (1977) indicated that 50*7 Oft mg may be 
given orally as a test dose in dugs with atrial fibfilla- 

tbn, followed several) hnur* later ot on the fellow i ng 
day by 6.6= 13,2 mg/kg every 2 hour? for 4-5 doses 
daily. Hilwig {1976), in enntrasi, listed 3-10 mg quini- 
dine hy mouth 2-3 times daily in managing supraven¬ 
tricular tachycardias, without designating body weight 
of" the patient. Tilley (19791 listed 6-20 mg/kg hy the 
oral route every fa-8 hours. Suggested doses foe IM 

injection of quimdinc also have varied: 2-6 mg/kg 
every 6-8 hours (TUfey 1979) and 0.6-2 rng/kg every 
6-8 hours (liilwig 1976). In view of the limited 
amount of well-contmlled. data actually available 
about clinical use of quinidinc in treating spontaneous 
arrhythmias in -inimuls. do^igc rwamrocndniwis are 

somewhat previsionil. Care is necessary in individual 
management of each patient, and dosage should he 
adjusted according to initial results after institution of 
a conservative regimen. 

Quintdine has been used in the treatment of atrial 

flMllalkNi id boms (Detwakr nod Patterson 1963); 

the follcsrwing dure schedule for oral jidiuinistraiioii by 

capsule or stomach tube has been recoirtmetided 
(UtiwdJxf lOTTjcds&y ], 5 g (teal dosc); day 2, IQ g 3 

times daily at 3-huur intervals: djy 3, 30 g 4 limes daily 

at 2-hour intcrvalB" day 4, 10 g 4 tames daily at 2 -hour 

intervals. 

Adverse effects of quinidine in horses include 

urticarial! wheals, digestive disturbances, infammafion 
of the nsjud mucosa with respiratory difficulty, lam mi¬ 
lls, cardiovascular dysfunction, andl even sudden death 

(Dei wetter 1977). IV Ddmiuisiraiiim of quMdide has 

been employed by Mime clinicians, but (his route is 
more hazardous than oral therapy. An IV preparation is 
available (QjunjdrJW Chu-iumip, (JS-P). hui none of the 


qmmdinc products have been approved by the U.S. 
Pond and Drop Administration lor use in animals. 

I'lm'uiiuirnide ll}tlrr*'hlnrktei Prircoinaimdr Hydro- 

n r 

tftforide, USP (Promstyl), is a derivative of procaine 

containing an amide linkage in place of the ester lank- 

age in the procaine molecule. This structural modifier 
tion prolongs the biologic half-life of procainamide to 

3-4 hours, making ii vpm useful ihan the shorter 3asi- 
ing procaine. 

The pharmacologic actions of pimainam ide, a Class 
LA -agent, are quolildthttly similar to Chose of quimdine 
(Tdble 24.2). In general* procainamide is considered 
more effective in controlling ventricular ruihylhmius 
Ilian atrial uirliythmias. 

Iluisniaii and TnuuMen (1963) ikmukdM IV 
infusion of procainamide at the raic of I Of) nig/uiiu 
when used in controlling dangerous ventricular tachy¬ 
cardias in dogs. Ettinger and Surer (1970) employed 
doses of 250 mg in jected intramuscularly as frequently 
m every 2 hours in dogs weighing 11-16 kg (i.c„, about 
16-20 mg/kg) B Hdwig (1976) listed the dose of pro- 
cailuunide i£ 4-8 vtig/kg when given hy IV injection or 

25-50 ing/min by IV drip. Tilley (1979) listed an ml 
dose of procainamide m 125-500 mg every 6-8 hours 
(not to exceed 33 mg/kg/tfay), an IM dose as 8-16 
mg/kg every 3-6 hours, and an IV dose m 1-2 mg/fcg 
every 5 minutes to effect or to signs of intoxication (not 
to exceed I g), 

Signs rtf procainamide toxicosis include greater than 
SOS widening of the QR.S complex of the EGG, addi¬ 
tional arrhythmias, bradycardia, tachycardia, or 
hypertension. Ideally, the ECO and blood pressure 
should be monilored during administration of pro¬ 
cainamide. especially if given by a parenteral route. 


Fheaylrfn .Sudhnn. nmytim Sodium, USP t Dilan¬ 
tin, Oiphcnyloin) B originally referred to as diphenylhy- 
dantnin, is a primary anticonvulsant drug used in 
humans Mfud animal* for control of ep Hup lie sdiunes 
(sec Chip. 16). Ptienytoin alw exerts ifuiarrhythinic 

tetiivky in the heart, but I his dmcieri^ic has a narrow 

spectrum of therapeutic application Studies in isolated 
cardiac tissues have shown convincingly thiit phenyioin 
exerts direct Anliarrhyrhmic sicshw^ similar in some 
respects so those of qniiudicie. Thus phenyloin usually 
is- classified m a 'local amsihetic-like 1 ” aiitiiUTliythinic 
belonging in the Class 1 group (Tsjble 24.2k fterou»-e ii 

minimally shortens-the refractory period, phenyioin is 
suhtyped as a Class ItS drug. Under some circum¬ 
stances. pbenytoin actually may enhance membrane 

responsiveness and increase conduction velcitiiy, 
thereby improving impuM Mnducfioti through dinn- 
aged ti ssue, however the cti nkaJ signift^&nce off these 

activities is uncertain (Singh ct al. 19811 k 

In general, phenytoin is ccmsudered to he effective in 
control ling digitalis-induced arrhythmias of all types; it 
also is useful in Ircaimg ventricular arrhythmias from 
other causes hut is relatively ineffective in abolishing 

fliriaJ dysrhythmia^ unless they are related to digiudis 
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tcnucoBL-s (Hiya 1 ^>T2 ?. When administered' slowly by 
I lie I V raiile, I he usual duse of p tie ny turn for dogs is 
approximately 5-10 mg/kg ill un infusion rale odT about 
25-50 m^/rnin. This appears to he effective in tncatmenl 
of diuii.il is-induced arrhythmia without depressant 
effect on myocardial cuncrwcitc function (I Id lain ec al. 
I%7; Scherlag et al, I9h8: Duun 1969), Tilley 
<1979) and Hilwig < 1976) have used 4 mg/kg phenyioin 
for slow IV administration in dogs. Data pertaining to 
phenyioin use in eats are lidting; in view of the 
remarkably long pliismu half-1 life of phenyioin in this 
species- (Rove el al. 1973k much smaller doses than 
those used in dogs should be considered. 

The complete phurmactikincik' disposiiion of pheny¬ 
ioin has nut been determined, bus studies in dogs indi¬ 
cate Lhat the drug is absorbed somewhat poorly from 
the gastrointestinal (tilj trad l approximately 4CKfc) and 
has a short strum half-life (approximately 5 hours) 
(Sunders and Yeary I978>. Flllthetinofe 4 an oral dose of 
l li mg/kg phenyioin in I his same study yielded serum 
corweiitrations that did not exceed 2 Rg/mL If there,- 
poiiblly Kwm cMmcmm of phenyioin 

are accepted as approximately 10 pjg/mL, the oral dose 
of phenyioin may have to be increased over the usual 
recommendations of approximately 5-10 rng/kg, 
Sanders and Yeary (1.978) proposed. lhat 35 mg/kg of 
phenyioin administered three times daily (i.e., a total 
daily dose of IL')5 mg/kg) may be ncces-wy in achieve 
plasma concentrations likely Mo he therapeutically 

effective in conlrolling convulsions or cardiac aiThyth- 

nilas in dogs. 

Phcnytoin is metabolized in dug?* by the microsomal 

cn/yniL'N of I hr liver. ;uid ph.irmu^ikiivjiliij-bused drug 

iinteractions are likely. Dogs receiving phenytoin were 
reported to develop signs Of phenyloxan toxicosis i. pos¬ 
tural ataxia and hypermelne gait)- when chlorampheni¬ 
col was added to Lhe therapeutic rcgmieii; Lhis adWtt 

drug interaction was attributed to she iuhibilofy effect 

of chloramphenicol on phenyioin mcLuhnlism (Adams 
1975; Sanders d al. 1979). 

lidcicuinv ItvdriHhkiride. Udocmm 1 Ih'dnxhtoride, 

m m 

USP (Xylocihe), is a local anesthetic drug found to 
exert untidy srhylJimic action lhal has therapeutic appli¬ 
cation in treating ventricular tachyarrhythmias. Ljdo- 
came is durailied as a Class EB agent. Lidocame is noL 
imittrtKndrd for eonlrolling SiUpraventneular arrhyth¬ 
mias bul is considered Co he useful primarily ill revert¬ 
ing ventricular dysrhyi lumas lhat develop during gen¬ 
eral anesthesia, surgery, ischemia, and other forms of 
trauma. In human* il also is used follow ing myocardial 
infarction. Lidocaine has been advocated in cardiac 
emergenctes io antagonize the profihfillalory activity 
of epinephrine (Clark 1977). txperi mentally, lidocaine 
shares an efficacy similar Mo phenytoin in controlling 
digitalis-induced arrhythmias, but it has received little 
clinical use fur this purpose, 

Thenipcuiic assets of lidocaine in emergency situa¬ 
tions are its rapid onset and short dural ion of aciimi 
after IV injection. However, it is, not useful for mainte¬ 


nance therapy because of ineffective absorption after 
oral administration and short duration of action. In 
large doses, lidocaine con produce hypotension and 
exert negative chronotropic and inotropic actions on 
the heart. 

Tilley (1979) lists the following dose schedules- for 
IV administration of lidocaine in dogs; 2-4 mg/kg over 
1-2 minutes, 05-2 mg/kg every 2CTM3 minutes by slow 
infection, w 0.0254MIW) mg/kg/min by constant infu¬ 
sion with ECG moiiiluring. Rapid IV administration of 
i a Hire than approximately 4 mg/kg lidocaine is likely Bo 
cause CMS seizures. 

Propranolol Hydrochloride. Drugs Mhut exhibit p- 
■drcnocepfar blocking pmperties haie an established, 
place in LreaLing and preventing cardiac dysrhythniia> 
in humans but have received less clinical use in ani¬ 
mal*. In view of the effectiveness ofjP-hlocking agents 
ivt controlling a wide vaneLy of dysriiythmias, it seems 
likely thin these drugs will be uoed increasingly in ani¬ 
mals, wuh spontaneous cardiac arrhythmias, 

f'mprwrutfat UydiTirkl&ridt, USP (Imkral), is the 

prototype; newer agenk include oxprenoloi, meiopro- 
lol. limalol, alprenolal. pindolol, and practolol . tixper- 
iitieiLlal evidence in animals and clinical studies in 
humans support the view Lhal |S blockade is the primary 
determinant ol the antiarrhylhmie activity of this group 
nf drugs. Their local anesthetic or qumidinc-likc activ¬ 
ities currently arc considered to be less important (per¬ 
haps unioipartani) in most clinical sittMitions (Table 
24.2). The efficacy of ^-Mocking agents in preventing, 
various cardiac dysrhythmias- emphasizo the impor- 

lanL'c lpI‘ uulL^iiinnic i nihisL iliii.'^, p;iJttculLirl) syrnpu- 

thctic overactivity, in the genesis of different rhythm 
disturbances in the heart. 

Propromilol slows the rale of spontaneous discharge 
uf the SA and ecCupic pittfnikkm and slows both ante¬ 
grade and retrograde conduction through anomalous 

pathways of the heart. Thus propranolol can provide 
relief from arrhythmias associated with disturbances of 
ajjlomatidty. reentry phenomena* or both. Propranolol 
increases the refractory period of Lhe AV node, which 
has theriipeuUrC nppliealion in slowing ventricular rale 
during atrial fi bridal ion or flutter. During the latter con- 
dilions, propranolol usually docs not slow lhe fibnlla- 
Ufy or flutter frequency of the atna and only rarely 
dues it restore sinus rhythm. However, Lhe slowing of 
scnlriculur rule by propranolol oftefl is effective and is 
reported to bo useful in wirne cases that art refractury 
to other antiarrhythmic agents. 

Propr.mnlol and other p blockers axe effective in 
reducing frequency of paroxysmal supraventncular 
laLhycardia, especially in the Wolfl-Parkinson-White 
syndrome (Singh and Jew it! 1974). 7'ac by arrhythmias 
associated with digitalis intoxication and physical exer- 
lion respond well to ^-blocking agents. Arrhythimas 

evoked during inhul-iitiun umeschesia with halogensued 
hydrocarbon anesthetics often can be prevented or 

reversed by propranolol ad mini Oration prior m or dur¬ 
ing anesthesia respectively. 
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Ptttprubolol is well absorbed from the puL and is 
diJnkfMted largely from portal blood by the liver before 
it reaches the systemic ciicutaiion. Because of Lhis 
turge "first-pass effect."' six to ten liaiwsi Burger dose* are 
necessary when propranolol is administered In mooch 
as compered to- the [V route i We idler et al. 1979). Tin-.- 
order of plasma clearance for propranolol in diAerrne 
species is: rat > dog > cal > human > monkey. 

In a study in eats, a twn-hLep IV infusion technique 
was found to be more effective In attaining and main¬ 
taining sLeady-stuLe plasma concentrations of propra¬ 
nolol than tV bolus injection. The two-step technique 
involved the following schedule: coniirmius IV infu¬ 
sion first at a rapid rate of approximately 8-11 
jlg/kg/mm for 15 minutes, than a slow i^ of approxi ¬ 
mately 1-4 pg/kgi'mi n I'nr 4 hours (Weidlcr ec ai B 1979} 
Steady-slate plasma concentrations of propranolol 
achieved wilh this schedule were 60490 ng/nflAppli¬ 
cation of such LechniLjuo to clinical management of 
airhythiimas probably would be useful depending upon 
severity of the dysrhythmia and wheLher the animal is 
ill enoLJgli nr tradable enough to allow prolonged EV 
infuskute. 

In the dug. suppressiutv of cat ec h o I a mine - i n d, u red 
arrhythmia by propranolol requires smaller IV doses 
(0.1-1 mg/kg) than aboliitiofi of ouabain-induced 
arrhythmias (3-5 ing/kgi. Rclnrivcly large IV doses of 
propranolol (5 and 5 mg/kg) are toxic in dogs subjected 
to myocardial infareiion after ligation of the uiterkir 
defending branch of the left coronary artery fi Shank* 
and Dunlop 1 lAt*7). Care must he exercised when p- 
blocking agents are administered to animals with 
reduced cardiac reserve, 

Importantly, rapid bolus injections of large a mourns 
of propranolol can produce iwns-peciftc cardiovascular 
depressant effects. Ideally, blood pressure and the ECO 
should be monitored closely when f \ bickers are 
administered mlravenimsly. Oral doses of propranolol 
in animate vary from approx imalely 2 mg/kg to :is high 

a* 441 mg/kg 2 or 3 times diuly (Hilwig 1976; Tilley 
1979]. 

Mtfifjpmloi Jiintfifr s USP (Lup^ssur), is considered 
to be a card Lose Iced we |3-hlioe king agent; i.s,, il is rela¬ 
tively mure effective in blocking reeeptLWs of the 
heart chart |i receptors of vascular and bronch mlar 
snusnch micseltfs (set Chap. 6>. This selectivity is 
important, because a limiting vide effect of propranolol 
and other rtoftselcaive JJ blockers is airway instruction 
owing to a block of adreiu-rgically regiiitated dilation of 

bronchioles, Thus metopruM or other pi, selective 
blocker* may well be the Ji-block mg agents of choice 
in patients wjih a history of chronic obstructive airway 
dLsea.sc. 

Precautions, Beia-hlocking agenis. should be 
administered with caution an patients with reduced car- 
diac reserve (e.g lfc congestive heart failure). Under such 
pathophysiologic enndhtonx, cardiac function is char¬ 
acterized by jricmsed dominance of the sympathetic 
nervoui system as pan of the conupenaJiciry attempt to 


maintain cardiac output (see Chap. 2.1). Blockade oF 
sympathetic input to the heart h> propranolol!, particu¬ 
larly if sudden, can precipitate cardiac decompensation 
and all the associated problems that entails (Kitikson 
find Hamlin 1981). This wanning ix v^ilid despite the 
suggestion that pftifMniStoh by reducing myocardial 
oxygen consumption, is a potential adjunct to creating 
aped dogs w* ilh heart failure (Hamlin 1977). 

Verapamil and Diltiazerru Verapamil (Isopxiil) is a 
systemic and coronaiy vasodilator that also exerts 
Important antiarrtiythmic action (Alien and Adams 
1987), Early data were iiirerpreied as evidence chat ver¬ 
apamil cither bkxkcd [1-adreuergic receptors (i t, a 
ClaS-v II pfopranulol uciton) or exerted quimdinc-like 
Icscal anesthetic popolkt Oust I). However, ver¬ 
apamil and its methoxy derivative D600 were discov¬ 
ered to inhibit (rtifi^membruiie fluxex of Car in various 
excitable tissues. In the bean, studies deniuii%ina-d that 
verapamil lus a unique cellular action in selectively 
anhiihiiing iransmembrane influx of Ca J+ land perhaps 
Nal through the aforefiieui:ionci.l slow cation diuniiete 
of the eardiae sarcotenama. Since this ad ion seems ecu- 

clllI to the anliarrhychmie effects of these drugs, vera¬ 
pamil and dilLia/em arc placed in a separate category 
(i.c., Lhe calcium iitRpxuRls nr Ca'" channel blockers 
of Class IV) (Table 24.2). 

Arrhythmias caused by disturbances in cither 
impulse formation 4automaticityi or impulse conduc- 
tiou (reenLrv)are theoretically amenable to verapamil if 
their origin is aflsudued with the emergence of slow 
response depukrkalioiis fsee lablc 24.1). In addition, 
verapamil depresses SA and AV nodal discharge rales 
and conduction velucity, because stow Ca^-ckpeadent 
eveills are normal chiiractcristrcs of autofnaJicity in 
these tissues (3 podding 1985),. Ilius verapamil has 
application in certain types of aLnal arrhythmias and in 
aborting supraventricular tachycardias that depend on 
continuous reentry id impulses utilizing lhe AV nt>de as 
purl of the rwnlrant p^ichwuy (Singh ci al. !93M}). 

In veterinary medicine the clinical aniiiirrhyihrnit: 
applicalions far CV channel blttckaifc uiaiiily involve 
use of verapamil and diltiuzem for treatm^rlt of 
supraventrieuliar tachyarrhythmias (Allen and Adams 
1987: Killies™ el al. 1988). Verapamil is used in 
human medicine for shurt-’term cuorversion of pannys- 
mal atrial tachycardia (O sinu* rhythm. Atrial fibril la- 
lion and flutter institute Other importaiH. indications. 
Verapamil ^nd dkltta/ern ilsijliIIv cUi mrf convert ihese 
hjigh-fn&queiKy atrial paLLenis to sinus rhythm but 
effectively reduce AV CLutouctitm and Lhereby lower lhe 
venrt lieu ter rate response. Pfrrnary ventricular arrhyth- 
mias. generally are unresponsive toCa^ channel block¬ 
ade, unless they are secondary to ii'iyntunJial ischemia. 

Nifedipine tm little clinical intfainhyihmk utility 
be cause reflex eardiae sfirnulatlun evoked hy this 
drug's systemic vasodiluloreffects usually nullifies any 
direct Ca + “ 8 dependent iLTUiiLrrhythmic properties. 

Few clinical (rials have exatriined lhe arliarrhythinic 
efficacy of channel blockade in anlnuds with 
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cardiac di sew. Verapamil wu repeated io Ins effective 
in convening pomyimal or chmk sLiraut fibrillin ion 
to HHUI rhythm Ln only .1 of 7 dogs lesied tJohnson 
19&5X Further, chic of the 3 responding dogs developed 

ventricular tadiycanii within I day after verapamil 

ticalmcnt was smarted, Verapamil was- discontinued mid 
replaced effectively hy combination therapy with 
quinidine and pmpramilol. Clinical details were pre¬ 
sented for only 2 ting* in Lhe study, and apparently 
other cardioactive agents (c.g., digoxin, milrinonel 
were routinely administered along with verapaiiiil. 
"ITiiih if is difficult lo detemune whether improvement 
or lack of improvement in cardiac rhyLhioJcity could he 
ascribed solely Ln verapamil. 

Resells from twn jiddiucmiU clinical itvbee with ver- 
4jpiimil u*c in dug* have been pjesennxl I Kittleson el al. 
I48K’ Hamlin l4KhL. In one study, verapamil was suc¬ 
cessful in lemiinating supravcnirieular tachycardia in 
12 of 14 dogs when administered intravenously in i to 
.1 rinses =*i lhe rate of fhftf mg/kp \ Kittloon el al. I9 BK)l 
O ne nonrespundmg dog developed a transient hypoten¬ 
sive crisis atler a Itrtal Vtnpmil dose of 0.15 mg/kg. 

A sceeind sLudy involved 27 dogs with eiLher atrial 
tachycardia (17 dogs) or alriai fibrillation with rapid 
ventricular rale responses (IQ dogs) (Hamlin 1986). A 
qualilicatHHi for subject* in that study was lhe absence 
of overt heart failure. as evidenced by lack of dyspnea 
and severe candiomcgaly. Verapamil was administered 
orally at a diise of 03 mg/kg every ft hours, but greater 
d«n were UKd for some dog 1 * at line beginning of iStc 
sLudy. Seven dogs retained their arrhythmia after vera¬ 
pamil. 5 dugs wilh alnul fibrilLation had a reduction in 
ventricular rate df vtHnt (hid flt) heiLis/min. and 4 dcfl 
wrilh supraventricular Hckyctfdll converted to tknu 
ihyLhm I. Hamlin 1986). Tlius about SOT of Lhe dogs 
wiih aupraveniriculit lachyirrhylhm i a responded 
favorably to venpunlL [mpumimly. however, 6 dogs 
died within 2-3 hours liter i]h- MtM dosing of ven- 
pull. Five of tbcK dogs w-gne ireaied nt ihe rate of 1.5- 
2.5 mg/kg. Because the ^leath* occurred so rapidly, they 
probably were ufiiribubiMe to verapiLmU rather than u> 
natural progression of the disease. Cardiovascular 

depressant eflecti resulting from ihe^ relatively large 

dose* of verapamil may have ex.accrhated underlying 
cardiac- dyvfuoction, Ihus evoking acute dccompensa- 
lion of preexisting. suhclinical heart failure. 

A combi notion uf Wollf-Fiirkinsun-While tyttdtoAK 
4iihJ atrial SbriMoi may HudJtute a scranis precau- 
lion or era a contraindication so verapamil i real merit. 
Clinical repons in human medicine have indicated dial 
when these conditions exis4 simultaneously, verapamil 
may paradoxically evoke an increase in ventricular rate 
4ind lead lo fatal ventricular Fibrillation (Jacobs et al. 
1485)1, Perhaps episodes of ventricular tachycardia or 
mortal iiy associated with verapamil therapy in dog* 
wilh airtal flhri Nation i Johnson 1485: Hamlin 148*1- 
might have involved occult Wolff-Parkinson-White or 
analogous syndrome*. 

Adverse circulatory side dlbcu of Cl** channel 
blockade include contractile depression of tile heart. 


with reduced cuduc output and hypotension, Tliis 

combination of effects Ciin result in dtecompHuatiofl of 
preclinieaE or compensated heart failure, precipitation 
of pulmonary edema, and worsening of nine primary ail¬ 
ment. Other potential side effects are sinus bradycw&i 

and heart block attributable lo direct depression of SA 
Tiring rate and AV conduct ion respectively. The propen¬ 
sity for cardiovascular depression should be considered 
whenever Ca” channel blocking drug* are used. Itns 
prceaulinn is especially valid in patients with preexist^ 
ing nr suspected myocardial c cm tractile failure (Alien 
and Adams I ¥871, 

Newer DnigSt Data are generally insufficient to pro¬ 
vide information ahout clinical use in animals of most 
of the newer antidysrhylhmie drugs. Practical applica¬ 
tion* are likely in the future, however, because some of 
these offer potential advantage* over the older agent*, 
a* summarized hekiw. 

BRETnUM, Bfdjlluu ttuyLuc (UretyMj is a bio- 

mubenzyl quaternary ammonium compound originally 
Lnlmduced as an anlLhyperlensive agent in human*. This 
drug is broadly classified as an adrenergic neurunal- 
bknrking agent because it inhibits release 1 of nurepineph- 
nne from adrenergic nerve ending* (sec tTiup. ft). 
Allhough bretylium is no lunger considered useful a* an 
Hnlihypcrtensivc agent, subsequent sLudies have shown 
that it exert* direct anuarrhylhmic action* in Ghe heart. 
Tliis characteristic is huighl lo reticle wiih a relatively 
‘"pure'" prolongation (^f action pcstential duration. Thu* 
hretylhim is designated a Cla** [if 4igent (Table 242k 

Brel yhu in iL-ngtlwns lluf iicLiiHL ptriuiLlijil dural ion ns 

wdl as iU' refractory period in ventricular muscle cells 
and PF in a bofDpgjenuua maniK^r. however, dus char^ 
acteriftk effect is ra manifesled in chu Mfm. Accord* 
ingly B bretylium is particularly effective in coni rolling 

veutriculu urrhyrhmias, hni uipmqtiiailaf taehycar* 
dins arc poorly responsive lo the drug. Breiylium has 
received little clinical application in animals, hut it has 
been approved for management of refraciory and rccur^ 
rent vcnirkular tachycardia or fibrillation in humans 
I Koch Wevp.r 1474; Singh et al. I4fi0| 

Bretylium has been rep^srted to bring about defthril- 
Lation in clinical epistKles of venlriculiu FihrilEation in 
humans and in cxpenmenlal episodes in dog* t Kcx:li- 
Woer ] 474j. Canfttcting data have bt:en pre^nled. 
however, as Bre/noek cL al. (J977) reponed that 
hretyLium (6-2=1 mg/kg) did not induce chemical defib¬ 
rination in dogs when administered hy the IV or intra¬ 
cardiac mute. Furthermore. hretyLium did not seem to 
stabilize ventricular irriLability nor facilitate resuscita¬ 
tion bv electrical dcFihriLlalion. Additional work is 
needed in both the clinic 4ind laboratory before thera¬ 
peutic applicathm* of hretylium arc identified in ani- 
mals with spontaneous cardiac dysrhythmias. 

Administration of bretylium to annnal* 4ine*thetizeU 
with halogenaled hydrot:4irbon iuie*LheLLc* may be COO* 
Lraindic4iled. s-iuLre a study demonstrated tcvtfc and 

long-lasting ventricular arrhythmia* under such dr- 
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cumstanecs in cats (Conriouris cl a I.. 1979), These anes¬ 
thetics are known to sensitize die heart to the antaytb- 

mogedtic activities of Ik catecholamines. Because 
bretylium initially causes ii release of catevlwSammes 
from adrenergic nerves prim io neuronal Miicliaiie, the 
ventricular ajYhylhmias evoked by the drug may have 

been secondary In release of norepinephrine. 

The phiiirnaccAinelicN. of hretylium are not fully elu¬ 
cidated. hoc it i§. effective after parenteral I'TM. IV) or 
mqI administntkm. Absorption from (be Cl tract is 

somewhat poor and erratic: bretylium is nut biotranv 

formed to a significant stent and is excreted eisen- 

iiLilly unchanged in urine, accnunling Ilh its tong efim- 
iimiitMi half-life (Hurley ct at. I960). 


DcsopyRAMton. Dirapyrarmde is a Class IA agent. 
The spectrum of eletlraphysiolo^jt: actions and I he 
range of ihCflfXflJEie effectiveness of diMipyi amide 
basically resemble respective characteristics of ik 
other two Class ]A drugs, procainamide and quinidine 
(Novotny and Adams Although efficacy in con- 

1 rolling supraventricular arrhythmias has been 
reptKrted. must daLa indicate that disopyramtde is Ifieni- 
peulk"d]y elTeclive mainly against Lachy arrhythmias of 

wvtriculir origin. In thi* respect, clinical appUcatkms 
for diwjpyramide mure closely ramble fl»« for pro¬ 
cainamide than for qumidine. 

Although di^pyremide was approved recently for 
amiarrhythmic iherapy in humans, adverse side effects 
i\M pharmacokinetic characteristic*, may limit ihe use 

of this drug in veterinary’ medicine. FLrai, disopyramide 
is absorbed quickly alter oral administration,, hut it 
undergoes metabol ism and clearance almost as rapidly. 
The biukigicall half-life in dogs is only 2-3 hour*, 
which would necessitate multiple daily admin i^imtkm*. 
(Bonagjura and Muir 1985)- Secund, disopyramidc Iras 
pronounced atropine- like side effects and cam elicit am 
alarming increase in Ventricular rate re^punv.^ in 

patients with atrial fibrillation- or flutter Las!, mid per- 
hap* Bnt3*t important, disopyniniide txerts rather potent 

negative inoliopde effects an the heart. The latter char¬ 
acteristic is a potentially critical I inn Lai ion because it is 
especially pronounced in patients with preexisting 
myocardial disease. Indeed. disupyramide was reported 
to exacerbate congestive heart failure in. over une-luilf 
of human pal km-* w ho had preed stein left ventricular 
dysfunction, Because of phamiaeolcinetie disadvan¬ 
tages and limiting side effects, Bonagura and Muir 

(I MH5> indicated chat diM/ipy ramidt may pi c to have 
limited application in vtterioaiy medicine. 


Patients that respond to parenicrklly administered 
lidocuine Usually respond to oral lucainide. Reports in 
the human literature often concern patients whose 
anfiyihima* were refractory to other atniiirrliythmk 
agents, before tocuintcte was tried, so the actual efficacy 
of tocainide as an initial amiarrliythiuic dreg may be 
higher than smira- Mudtes would indicate. 

Toealflkk may have clinical usefulness in veterinary 
inedkiira, It has pnictirh!.| appheaiton in cases where 
ventricular arrhythmias are initially responsive to IV 
lidocitine Or Locainide. but refractory to the older oral 

iniiarrhyshmic agents such m quinidine or pro¬ 
cainamide. Lidncaine itself is inappropriate for oral 
Iherapy heejuw it is rapidly metabolized after absorp¬ 
tion from the Gl tract. Plasma concentrations of 
tocainide in the dog are maintained in the therapeutic 
range for up to 12 hours all Lei oral administration, mak¬ 
ing [ocunndc suii.ihlc for LiLiminiscmiion only 2 times a 
day. 

A slightly different chemical structure from lido- 
came protects tocainide from rapid tlnd-pass hepatic 
metabolism:, markedly improving its bloavailability 
when compared to lidocikne. Metabolism omul in the 
liver, but m humans ns much as 30% of the drug can be 
excreted uncliiuiged in ihe urine, Similar hepatic and 
retial mechanisms of drug ellmifratioiri are believed to 
be found in dogi, The side effect* artidpated wills 
tocainide are similar to those seen with lidocoLne,. but i n 
studio in human*, the side effects ore usually minor, 
well tolerated, and generally eliminated by dosage 

adjustment. 

Ml-SIITTINE. McxiJkrtine is a Class IB dreg that exerts 
elccCtopliysiologiL" and antiarrhyLhmic actions similar 
to those of lidoc-aine and tocainide (Novotny and 

Adams 1996). As with tocainide- maitettue was devel¬ 
oped for its lidtxamC“like effectiveness in IreaLing sen- 
ihlis venlncular 4in1iiythniias in a formulation suitable 
for oral iidminixtraiion . Mexileiine undergoes iitinimal 
first-paxx nKtekkvn by chc! liver after laejuly complete 

absorption from the Cl I tract. As with tocainide, mex- 
iletine may find its, greatest clinical utility in cimtrnl- 
ling ventricular arrhythmias lihat are found in be ILdtv 
caine-sens-itive and when continued outpatienL therapy 
by the oral renite is desirable. In one clinical study 
involving a small group of dog* (Etoftigllfft and Muir 

19S5), wa* limited when mexiletiiie was 

administered orally 2 or 3 times daily at doles of 1-2 

icig/kg, tul a> Willi LiH.'aiiiiiJe. mine CXUrfi*i*V tluiK jl 

trial* arc necessary. 


TocaINIM, TocainMe i* a Cla** IB antiauThythmie 

drug; it was discovered a* a siructural congener of I ido¬ 
ctrine- that shared basic eleeLrophysLologk and antiar- 
riiyEhmic actions with the parent compound. Tocainide 
has distincL pharmacokinetic advantages because it is 
effective alter oral administratiDn and has a long dura¬ 
tion of action. Like Iklocaine. local nide is a narmw- 
spectrum antiarThythmic drug with clinical efficacy 
against venlncular arrhythmias. 


APRINWNE, Aprinclitw is a Class. | agen( that 

ba*ic (toa^polofic actions w-ith lidocuaitc, 



that apriivdinc seems 1o have a somew hjii hrL^ulcf spec 
rrum of aniiarrhythnuc efficacy. Apri 
against premature venlncular heats 
tachycardias but also has potential 


ndtne is effective 

and veMricular 
for ^ 



supraventrkulur premature beats. Aprindine is less 
effective and is itot used in the sen ing^ of atrial fibril¬ 
lation-. atrial flutter,, of vupravenliicular paroxysmal 
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Ncrtc: Fhr mch *rrtiythmia the drug n r procedure of fint dunce (rapow race-item I is indie Bled Ebgr * * *: of second ctokc 
(response good) by + 4 ; of third choice | response fair und rarely indicated) by +; and central iidicaied by 0. Cutiblhriutiiiti aniLai- 
rhvthmk iheripy is often baaed on this, table, with first- and Bocawklnicc therapies used concurrently. 


tachycardia. Aprindinc may accelerate AV conduction 
and precipilalc increased ventricular irate responses. 
Aprindinc'* usefulness in humans has been somewhat 
limited, owing its t rut her narrow tosic-therapeuLie 
ratio; leukopenia agranuloclylosis. and hcpaldUraicOflu 
are potential side e(feels. Dose-related and resemble 
uniowanl reactions include hypotension. ala.tia. nuu- 
sesu seizures, irunsienl depression of myiK/iirdtal con¬ 


tractile furieiicitl. hi id pmlwrtgiiliftil of l.l iu PR, CJKS-, sliilI 

QT interval* (Novotny and Adams 198fft. 

Apfindine underwent clinical trial in 20 dogs with 
sjwntaneous ventricular arrhythmias (Muir and 

ftniLaguni I9K2); 17 of the dogs, had failed to respond 
to ircalmcnL with qumidine, procainamide, lidoeainc. 
propranolol* or u combination of these drug*. 
Apnndme was administered by IV infusion at a dose of 
0.1 mg/lip'min for 5 minutes and repealed at 10-minute 
interval* until the arrhythmia was controlled or signs of 

intOfldciEkffl intervened The subsequent ornl dua* was 
t-2 mg/kg, 3 time?, daily. Apfindine iw effective with 
ibis schedule in converting ventricular tachycardia to 
Tsinus. rhythm in 15 of the dog* and in slow ing ventric¬ 
ular rate in 4 others; one dng had an increased ventric- 
wl.tr rate. Antianliythmic efficacy in 19 of 2tl dogs is an 
impressive success rale. Aprindinc likewise was effec¬ 
tive in control I ing ventricular tachycardia in anoLhcr 
clinical trial involving Doberman Pinschers with con¬ 
gestive carduimytifKilhy (Calvert tit al. 1982 j. 

These rinding* suggest that apnndine may he im 
aJlcmale strategy for controlling ventricular urrhyih- 
nuas in dogs resistant to standard untiunrhyiiimie ther¬ 
apy. Further study is warranted to substantiate the util¬ 


ity Eif apriiid inc, and to evaluate therapeutic-tosie ratios 
in animals. Beeau.se of the potential of aprindinc for 
leukopenia and bepatotosieqeifl., Lhis drug may be 
reserved for ventricular arrhythmias resistant to other 
drug*, IiircTesting.lv, indccainide is a new uprindim 1 


congener purported to have fewer side effects and \i\ 
Limes the potency off aprindinc. 

EHDUN IDE, FlETAIKIP^ AN □ LORC AtNTE>E. 
EiucainidK, Ilccaimde, and lorcjtn ide are Class [ mcm- 
hcT* di-M-overed and characterized during a search for 
drugs with efficacy against arrhythmias resistunl to 
standard Lrealnient regimens, They share basic Nf* 
^ntetince-bloeUng properties with cfuinidiiie. how¬ 
ever they are distinct from other qfuingdine-llke drugs 
teoifle they do not proAoig the refectory period. 
Because of ihi* ipecmun of eflectiriphy$k^n^k action*. 

emiamide, llecaimdc, and Inf-cainide arc subgrouped as 
Qhi 1C amiarrhythmic drugs (Novotny and Adams 

I9*6)l 

As a general rule. Class 1C agents seem to he effec¬ 
tive against ventricular tachycardias and premature 
beats of either ventricular or aLrial origin. These com- 

pouesds are less effective and perfiap* clinically inef¬ 
fective in controlling atrial fibrillation and duller. 
F.neamide, flceainide r ami lorcainide are absorbed 
after oral administration, hut more work is needed 
with each compound before clinical recommendations 
can he made relative to their use as alternative 
approaches to drug-resi>tanL venlniclillirarrhythmias in 
■animals. Indeed, recenl clinical studies in human med¬ 
icine have indicated these drugs may increase the inci¬ 
dence of serious ventricular arrhythmia* after myoeaiN 

dial infiiTviputv 

AMIDDARONE- Amiodiironc has been in clinical um; in 
human medicine for several years in Europe and more 
recently in the United State, Few reports are available 
about the use of amiodarone In uuinli with heart di.v 
ane. As a Class III antaanhythmic agent, amiodaranc 
selectively prolongs the action potential and refractory 
period; this H expressed clinically as a prolongation of 
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TABU: 24,4—Dott m«mmeuulatiom Cur drugs used to trail cardiac arrhythmias in dogs 

Ontg Du sc aJld fOUlL* Of’ ^biluM'vIrjhnii ImliL'jl imij-- 


Alirwirw suHjIc. 1/200 g tablets; 
0.4 mg/ml injecttrtrfe 


ufcun chloride* 


Oral: OlOi nu/kg every 6-ft hours 
SC. |M b I V: 0.04 mg/kg every 

4-6 litwrs 

rv. \ci q.os-ck 10 mUkf io% 

Mduliun 


IJigus in (Lamnnil, 0-123.0.25. 
and 0.50 mg UUAi 0 j 05 mg/ml 
othJ elii.iT: 0.25 mg/ml IV 


Ejpincpiiri m liydruchlisricJe 4, 

(Adrenalin), I,:IOrtOsolumm, 

I mg/ml 

I‘u.^iri.u^iL'iiiil (j a iiyiLiliullj f IJ arid 

30 mg tnblc-1^: flujpnci u 0.2 mg/ml 

mjceUiMi! 

Lidiviuiic Q £ k wilhLnll epirtvphfijiirJ 

(XylociLnck 2® nnd4D 

m_L'/m I injecEuhle 

Phenyioin i dipheny Ihydjaiioin i< 

ilSlanflin), /ICE arid 100 Clipsales: 

125 mg/5 nal syrup: 50 mg/nil 

l J nn LJin;ii ii idi- fPTOMtfiyl). 25CE r 
375, arul KXI mg capmlcs nr 
Lablifl.M 100 ing/niJ in^UihlL- 


Propran^lol flndnl), 10, 20, and 
44i nip tablets; I m^/ml irfeflifale 


Qtitmhue sulF+He 4 short-we King form) 

i u Lafrkts; qmmdine sultale 

(Quinklex Ex.ieiKahs;i (long-acting 

Inmiji, KIH mg tahtels; (igiTinJiiu 1 

gluconute injectable • I Ml. 

BO rug/ink L|umttlmL' y Iul:uii^Lc 

i (Juinugliriy l5™cibs.E (long-acling 
fumi), 5 g luhLcls, qu undine 
p*>1 >'|w Iwturan-fl «■ iCardii.xj.iJin) 

I luflg-aClirlg furrtiS, A g luhlcL* 


Oral: 0 I -0,2 mg/k gin 4 divided 
iluscS WCP 4H- fUTtin itt lu effect 
irap4d nviTiodj: 0.02 mg/lcg 
avi-nige daily mamlcimnee divktetf 
imo 2 tkMCs 

TV; 0,02-0.05 mg/kg in 4 divided 

doses ifwi 4 tiLiurs nr In efTeel 

TC: 6-10 jtg/kg 

IV: 0. I-4U ntg nf 1: HUMK> llMirai 

Orth 15-30 mg 4—6 limes dai ly 
SC, IM: 0.1-0.2 mg every 4 tour* 

TV: I mjL/SfX'l 1 ml 5flj d^Mra^-s/wwier 
iintl tiiraie to effect 
IV: 2-4 ing/Lg av, bolus Wr 1-2 

mm, ti.5-2.0 mg/kg every 20-60 
mm fakw injecdnfi). 25-60 

(jrg/kg/niin wi [ 11 ciKwnlunnL' 

(cnnHanC inFamm) 

OraL 4-8 mg/kg divided 3 4 Limes 

daily 

IV: 4 ing/kg shvw liy ime 

Oral: 125-500 mg: every 6-1 hr 
(not to exceed J3 mg/kg day) 

IM; 6 - 16 mzrtig every 3-^6 hr 
IV: 1-2 m^ , kg.i , 5 nit iu effect yf 
irwkily C >59 4 & wedenitg oF 
QRSi, not Co exL-ral I g 
Oral: 2 . 5 ^ 44 ) mg 2-3 limtf«^ daily 
unksv desired dfect ui lower 

dcKo.' ivr Ci t iu□ I 

IV: 0.05 to 0.15 n^g/kg sU.m-Is Lo 
efFcd nr tonicity 

Oml: 6-20 mg/kg evrry 6-H- hours 
(tfmMctirt ramk 8-12 hut 

Hnng-ui/tmg I iinn i 

IM: 2.0-6-0 mg/kg every 6-S hmirs 


Sinus hriidyeiKfd.iu- AV hlsHrl:. SA 
unen 

VtmBrkuibr a^yslnte ft* incrSBW 
tfird-iov MTilahiliiy L dectrical- 

hiLvIiiiiL'ul diss^s- iLihnii 

Ccmgestive he-an failure. AF*Cs. 
atrial EKliyCwiL Birtlll 
tlTpnlljInui, alTiLbl ITuILlt, silL sinus 

syndrome (jfier jKtenuker 
m-v?iikan I 


Vefiirkultr uysLok,dunging fine 

vutrinlar fihnl hlion id coarse 
fiTnilljIniit 

Sinu*v hmdycaidso- eempleie AV 

hltH:t B H initials- heanbral 


Ventricular tiiehyeurdio. %enirieular 
prcnulurv nlmpktts Ce^peci-ill) 

mylufomO 


Ventricular irriiyilimias. digiulis- 

indLk'L'd arrhylhnniLs 


Ventricular premature: cantpk&ea. 

vimlni'uhr lachyCt'difl 


S iniM tachycordi-i. digiulis- 
indueed Jlria'l arrhylJiniia^, 
sripnivcmricular lat-hycardLas mid 
vuntruniLir arTtiylhrmas. prees cita¬ 
tion ankydimtas, aihl Wilti d.ignsm 
For arifiaJ fibril Iuim»i 
V uniTiculur pnnulVR ccmpIcMS. 
vencrkuluf ladtiyeardlia, 
muirwlenance tknpy airier 
dcvlrixoiiven.iun cd aEnal 

fibnlludon andCor fluitcr, 
WUIV-hulbliuoft-WlkiH 

-.yndr^mi' 


SMue Tilky 1979 . 1985 . See texi For other hi»iiuhhIiiIml 

Note: IV = intravenous, JM = miramuM/uliu-, SC » Mtai&mift DC * intrucardiac, AV - Unavenukular, SA = sinnairiiil. 
AFC = atria] ptemaiurc eoiiifnction. 

■tJraps Iitt eardiK arrcNl. 


AV nodal, conduction time and an increase in atrial und 
venlricular rctruclory pencuJs r Novotny and Ad jin % 
1986). Its use in human medicine has been largely in 
psUienls wrLli conditions rdractory to other amaarrhylh- 
mic agcnls,. including conditions such as- panxxymmL 
atrial lachycardm. -iiiri u I Hulut nnd tibnllation. and a 

rceunenl ventricular tachycardia and flbrilklion. 
AmitKliinme hus a long biologic half-life; days io 
criay lie required to gain sternly-stale phsnu 
conceniratiDns with oral udministraikpll. 


Cl i it Uni liailic;n4Mins, ImporliuiL clinical uses of antiar- 
rhyihmie Llrugs were somvniiizxd when appropriate in 
the preceding sections on individual dings. Data shnv. n 
in Table 24,3 provide a listing of drugs of choice for 
several common arrhyihoiius and also point out rele- 
vant coniraindications (Tilley 1979. 1985). Tables 24.4 

und 24.5 provide schedules for approximating doses ol 
several drugs i«i dogs and cals respectively. The 
fact remain^, however, iliai aliliLHigh several itntiar- 
rhythmie drugs routinely are advocated fur control d 
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TABLE 24.5— Dust* momniHmdiiliti^i fcr dru^ used In I real cardiac arrhythmias in fills 

[hu-g I Xisi! ami mule rif admimslralkm Indie aEiiwis 


Almpine mj.Mu.1l!., CK4 m .ji'iiiS 

injeeiafok 
Cak'ium chloride* 


I: i; «-x in (I jmuvili \. 1C * in;' 

tahlcls; G.23 ing/fnl IV 


E^tefcepjififclc iLsdi'.Hjhkfli'Ji; J 

(AdivnulinJ. I: IflOQ solirtitm; 

I Jtig/lrtl LILILLluIlk 

lEoproterctiDl ibuprclj, 0.2 rng/ml 
injeeuM* 

Ptoprawlol (Tndcrall, Id mg 

Ljihls^ls; ] ingVini ntjLVluihli! 


Si:, IM-. IV: 11 ! 14 injt/kg every 4-6 
hours 

SC, IV; 0.05-10.110! ml of H» 

H'lul*l'IL r k.W 

Oral: Cl.OflS CIO] mfftp. wr?|e 
diiily nuinienaficc divided Lino 
2 doses- (t j-,. K of a 0, i 25 mg 

lahk't Iwict' <bilv lew h he cut I 

IV: 0.0:2-0.03 lugAg m 4 divided 

djCKMfx eiver 4 hour* nr In idled 

1C: d-lOng/kg 

IV; 0.05-0,1 mg of 1:10,000 

dbliilHMl 

IV: 0.5 rng/250 ml 5ft dextrine/ 

water and li Draft Hi cNcl! 

Oral: 2 5 mg every S-12 hnyrs fiw 

HVLTUge 5 kg ck IiIL'Jil'T Jlijmch. Lo 

effcei 

IV; 0.25 mg diluted in I ml uF 
saline, given aw- 0.2 in! btriuru 
lq effca 


Sinus hnidyciirdia. AV Muck 

Vnurinlar asystole (to increase 
cardiue irriLifaiiiy 1 . decifbl- 
mechanical dislocation 
Congestive heart failure, APC, 
aerial teckycardia* aerial 
fRarilLahnn. alrial FlulDer 


Ventricular asystole. changing fine 

venrtriL-ular lihnlhifaxn kminnu. 1 

flbrillariion 

Sinus. bradycardia. complete AV 
bluCl. 

-Sinus bichycunliu, wifwavuntriculiu 
tachycardia and Vmlriculai 
urriiyduniav. preesc Ration 
anfiylimisss. mid with digram far 
atrial rrtmUtfkKl 


spcwiearifiotii arrhythmias- in anumafis,, wdl-etmtralted 
djnkal data cm ilic subject generally are lucking, 
Etosu^e recommeikiutinn^ by different inwcsii gators 
often vary widely in ihe same spectes, necessitating 
careful judgment Ln the clinical: selling. 

The L’liniciaii should integrale baite knowledge 
about the phanrtiatokigic control of arrhythmia* into a 
rational dmural approach to managing OfdiaC dys¬ 
function in paltents. A pPtti&c classification of individ¬ 
ual! drugs is cri less importance lo iIk clinician than a 

basic understanding of ihdf phurmaciKlynamk 1 and 
Lherapeulic applications. Initial iherapy should be 
directed at correcting specific etiologies; e.g., if serum 
electrolyte obnormuliLies are responsible, obviously 
these should he cqrrecled before a potent anti arrhyth¬ 
mic drug is introduced into the animal. Arrhythmia* 
secondary lo congestive heart failure may respond lo 
Tesiiiuiion of cardiac compeitKiiton. and Jnltfcai treat- 
mem with a primary iuitiiirrthylhmic drug may inten¬ 
sify rather Shan reverse Lhe disease, Use of physical 
maneuvers such as ocular pressure, massage of lhe 
carol id sinus region, or a blow lo the chest should not 
he disregarded (Etlinger and Sifter 1970; Hi! wig 1976; 
Tilley 1979, 1983). 
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TA III .K 15A — TJniis nf m« wit md cnnverMnns cnmnxmly u^cd in nuid tJwmpy 

Tm 

Abbrts liiiMHi 

JX^npLion uiid ^snvcT%i«.in 

Mulev idiur (famih) wciglu 

hfW 

Sam Lit jjUhiIil' wuiglHv uf all Llementv in a cliuinical lummlu 

MilliTm-ile 

mmol (mM li 

Mobodar {formula 1 weight of a subManrc in nig. equals 1 mM 

MillietfuivalunL 

mEiq 

Weight, in erf an element [luL Lcimhaneh or repljbccs 1 mg 

Cl mrrH/'b of hydrogen CH'F 

MillUKiniuit 

niptbni 

Always c4?illanlA -fr.U X lf|F J ilmlveulev mid equals 1 iciniul 

srf a nondisSLX-iflhle sutwtflnce 

Vll l lu'.j.I '. .lli”lL pur tllLT 

mhq/E. 

=■ nvmnlrt. X valeric 

= pnig/dL x ICfjifMW] x vukncL- 


COMPOSmOW AM> I11STRIBL 1 nc>N 
OF BODY FLUIDS 

I JHI.S nf Mljimiii 1 . THl 1 : ifellics 0 f IKtSHff COimiHUlly 
utLLizjcd in discussion of fluid balance Lire presented in 
Table 25.1, Inns or clcetriilyies combine according, to 
vukncc <j charge) rather than molecular weight. Hence 
in the ease of univalent ions, I mM = 1 mBq, One mM 
of -a divalent kid prw ides 2 mlitj., By es.prt*ring mt*sL 
dfiCtndyte coneentnUiuns in mUbflflllvifefltt per lifer 
(mBf/L), and oonqMfing ihc mKtotnitkm of citinra 

to akw in the body, lL becomes clear LhaL decLruneu- 

lull I y 4 "&ik|k. \ li:h^JU.«' l - Lrawl Imlar L'ulMins uw\? *ii lenfe 

more completely documented in the .-. uir-.- of clinical 

iiTvwtigatHHi^ anions, particularly chloride and bicar- 
bouto, arc the ekctriol cwtobateiM- Some eke- 
frotytes are measured iit millimulev per Liter jmWLi 

because they exilt in virUMe stilted of protein binding 
*ir vikocc. An c.tanirpk- is Mil calcium, became pro- 
lei i\ billing onfoufldi an y simple asKBMKUt of ion 
ized GnctkHL Pboftphonu exists in variable prtjpKtftion^ 

■^f pbotphato mid moohydnoftt) and di h y dr o yi i phos¬ 
phate, ho no valence can be signed and calculation of 

DiniHquIvakfKO is therefore inarming- -Since rnEq/L 

arc the most common and informative unit of compar- 
ison for mewl electrolyte*, conversion formulas are also 
provided in Table 25. 1. 

Solutes exert an osmonc effect in solution LhaL is 
dependent only on the umber of panicles in Motion^ 
m.H cm molecular weight or valence. Hence for nandil- 
uieiabLe substance*, I otfliole eotrtains I mole of sub¬ 
stance. JF a subsiance dii.socifllcK in solution, the num¬ 
ber ofuuoks is increused according to the number of 
particles generated per mole of dissociated substance, 
for example, each mmol of a completely dissociated 
NtCI solution yields 2 rnOsrn. Quuluily refers to Lbe 
number of osuwles per liter- and OMUDllUty indicates 
llse number off osinlH per kilogram of solveni (Rose | 
19S9)l In pliyslokficil systems the difference between 
these two is usually snail The cnnccpi of otmotatily 

explains why solutions of diverge chemical and electri¬ 
cal conpasitna teg., 5% dexfime, 0.9* NrtCL and 

1,3* sodium bicarbonate \ can all he considered jpo 
lonie, For inanimate isotonic solutions equal approxi¬ 
mately 300 mOsm. 

Body Fluid Codlpirtinrnk Semapermeable mern- 

buon K w n t c nml body cmpackxMois, Allowing the 


free (range of wafer and selected solutes. The effec¬ 
tive osmotabty. or touchy; ofa sokrtlM is related to (he 

ahility of a solute no attract water and to flutiui an 
increase in osmotic pressure as a. result of water move¬ 
ment For example, Swo substances with equal ahdlily to 
attract water clown a concentration grad tent and across 
a semipcrmeablc membrane may have very different 
effects on osmotic pressure, depending upon the move- 

merii of the uMutt itself through the sendpermHUe 
membrane. While the meuind ocnolAlily of a volu¬ 
tion include* all rwmoles* whether effective ot ineffec¬ 
tive, touciiy of a Motion re lat» only 10 effective 

osmolality, l-or example, a solution conUunlng 300 
mOsm of nvmpcnctrating NaTI and LfK) mCkm of urea, 
which can c ross plasma membranes, would have a iota! 
ramnlarify of ^00 mQsm and would he hyperosmotic. 
However, if Olfev pul red blood CtSfo ill Chi* solution, 
they would not shrink or s.w>elL, because the urea would 
diffuse into the eelk and reach equilibrium inside ;oxl 

outside the cells. This, both exlrncellular and ifrtmoel- 

lular solutions would have the same osmolality. There 
would be do difference in the water coneemration 
■ ucntsih [he membrane and no change in cell volume, 
f The solulion is therefore considered isotonic. 

Ulliinalely all fluids within the body are in dynamic 
equilibrium, bul il is helpful during fluid Iherupy to 
consider body wulct as exisktig in several coinpsur- 
mgnis. since L'rilical fluid shifl.s cad arid do c^'ciLt, 
Delciminstion of ihc volunes of ihcvc conoportiiKUls is 
prohlemaiic. at can he deduced from [he large number 
of different methods thuf have been u*cd to estimate 

these vohunes (Kobo and DLBiittrtt 1992). Tlw ium 
common method for ussessmeni of volume in body 
Quid OOfUfHUtlieDJs depends upon bakmvgfHHU iuJmin- 
isiriilitin of a kiiowu amouDl Li-f a dye or radioivoiupe- 
taggud. nJbflluce than dufributes only in the compan- 
menl of intercsi. This is followed by atsetsmenf of dye 
or iKfiotBOlopo conccntracion in the eompajtmcni. Ide- 
aLLy, the indkalor sulKLanec must distribute rapidly ojid 
homogeneously^, remain in the space to be measured, 
not he mcLabt>li7:ed or bound, and be nontosic. Ihc vest- 
ume of distribution tVd) of a dmg, or in this case a vol¬ 
ume marker, may be derived according Eo the same 
principles of phurmacoliinctics described elsewhere in 
this lesf. 

Total body water (TBW) b approximated at Mitt »f 

btxly weight, hut this figure varies fmm 50 to 7Stt 
depending upon age, lean body mas>, and individual 



named m 
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TAfll.E 25.2—Approximate volumes of *d>(Uil fluid uifiMiiiili in the dug 

Com part mean 

% Body weigbi (BW) 

Method 

Tfiiol body water I TBW) 

60 

Endfcaiar subMonee 

ECF 

20-27 

IncliLiLliir ■ktihvliwuv 

Red Wood cdh (RBQ 

3 

Counted + ^kuiaikvfbi 

Plawna volume (PV) 

5 

htdotor ntwtna 

Tblil bhwd nhiK (RV> 

5.7-10 

Cakulaied: RBC volume + FV 

iMCtsiiiial lymph fluid 

15 

Cnkulalwl: ECF- BV 

Tnmscdfcular fluid 

1-6 

Esc imaicd 

IS cmu? llulI flense ennru-cliue iUslk 1 

5 

Estimajcd 

ICF 


TBW - FXT 


Source; F^maicd from daia caUccisd m muktiplc studies an detailed in Kuhn uni! DiBafiula IW2, 5 7. 


Aiumtil variaEkons, Sinee fat is* lurwer in wzier cimLem 
than Igitri tissue* obesity is- awucUutcd! with deosffld 
TBW C approximately 50%). To a void overinydration of 
obese patients,. fluid requirements are best estimated 
based on lean body mass. Very yoiflng animals unr abtHii 
70-75% vr-iHer- with TBW declining with advancing 
age. Table 25.2 provides, estimates of selected volumes 
in dogs. TBW is broadly divided into two types: intra¬ 
cellular (ICF) and exMcdlitiar fluid. (ECF). Tine BCF 

is- further divided into four subcovnpuitrnciil*: plasma 
volume, i literal iriiil Lymph fluid, transed lulur fluid, and 
fluid pmak ill dfisse connective tissue and bone. Table 

25-3 provides expcriiiwiitally derived blood volumes a* 
percentages of body weigh! for variotte -species, 
Transeellulur fluid is found in diverse locations, 
including cerchrfMpjnal fluid., pleural cavity, gadwota- 
lestinal trad, bladder, synovia, aqueous humor, and peri¬ 
toneal cavity. Tnui stellular vdima vaiy greatly from 
monpjaitFiKs (1-6%) to torses and ruminant* 
(10-13%}, dependent largely upon (he amount of fluid 
sequestered in the gAstrantegiinal Met TranstdJular 
volumes, are Ht readily mobilized during volume 
deficits hut are of iinporfarice in lenw of drug diyposi- 
!ion and equilibrium. In certain disease processes, iran- 
vceJlillar fluid* iri-iiy accumulate, causing ascites, 
hydroperkardiurti, hydrodtocuL synovitis, or other con- 
ditiems, depending, on the location sif fluid accumuladon. 


Fluid and Electrolyte Distribution. Body solules are 
not distributed homogeneously throughout TBW, Like 
drugs. every Solute has a defined space or volume of 
distribution dial cm be assessed csperimenLally. As 
with estimation of body CMp auttu t volumes. deter¬ 
mination efsol^ distribution is limited by the fcadurcfi 
of Lhe labeled solute used. BKflU&e lontll Wcular 
endoLheLiuni is largely impermeable to formed Mood 
elements and plasma protein, those cells and solutes are 
usually limited to the plasma. Vascular endothelium is 
freely permeable to ionic solutes, and the concentration 
of these ions i*. almost Lhe same in interstitial as in 


plasma fluid. Table 25,4 provides estimations of ion 
composition in plasma of normal mammals, 

The volume of ICF and BCF compartments is deter¬ 
mined by the number of osmoi ically acti ve particles i n 
each space. ECF osmolality cm be estimated from Lhe 
ftdltwiiig formula: 


IAUIT 25 3 —Approximate values Tar blood 
volumes- of various animals expressed 
us perrenlaces of hody weight 


N peek's 

Total 

Mood 

volume 

Plasma 

wkne 

RBC 

voiunK 

Dogs 

1.5 

4.5 

4.0 

Cu 

h.7 

4.7 

2.0 

Chickens 

6.5 

4.5 

2.0 

Cattle 

SJ 

3.S 

19 

Goats 

7J) 

5.4 

1,6 

Ham 




Drift 

7.0 

4.n 

3.0 

Thornuehhrcd 

10.0 

6.0 

4.0 

Siddilo 

7.7 

52 

2.5 

Kg* 

7,5 

4.8 

2.7 

StiL’qji 

6J 

4.5 

2.0 


Source: Smith 19711. VaturepfcwiiL averjgus frmn 

iipprnxmislL'ly 30 rdcVOKO. 


ECF osmolality (noOsnVkg) 

Mood urea 
nitrogen 

. 2(( N a .] t [ K .]) t te£ t J^L 

( Kose 10999, Because cell membranes arc permeable to 
urea and K + , these substances contribute only ineffec¬ 
tive MflH-ICS,, us described earlier At normal blood glu- 
eOwi eoncejiLratiuris, Ha* is Lhe primary determinant of 
effective F-CF O^inolulfty. Because Na* is the most 
abundant and osmotically active ECF culion, mainte¬ 
nance of an wijacelluter^ir^racc]]i^ sodium grab 
enl is critical and i* accompliBhcd by llie cell mem¬ 
brane Na + ,tK. + -adem3Sine triphosphatase (ATPase) 

pump. This pump is also responsible lor ntaJjrtuiiting 
appropriate concentrations of intracellular K\ Because 
K" is the most abundant intracellular cation, the raiio of 
i ntraoe] ] o I or - io-en. c race! I ular K p cuncentiution is the 
major determinant of the resting cell membrane poten¬ 
tial (-70 to *40 mV). Because mil body fluid spaces are 
isotonic with one another the effective osmolality of 
the ICF, and indeed TBW. must be equal to that of 
the ECF, Acute addition or loss of fluid and/or solutes 
from the body inevitably results in alterations In 
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TABLE 25,4—Approsimitt Ptra^ 

covKciilralmPh of cAlkins and unions 
in ptfeBIttl in iin-fiiial ttlftttMttaR 


Gatioflu 

mEq/L 

AflHflE 

nEqA. 

S.mLmm 


flilunde 

1 ID-125 

PMauiuia 

3-3 

Bkarboruie 

18-22 

{ 'uJciLun 

4-6 


fc-3* 

rtoial t'dik'ium 
5- 1U 

Magnesium 

1-3 

Sulftuc 

1-2 

Trace cldiiL'iiCs 

L 

LacLuLc 

1-2 

Total 

I44-]73i 

tKhKTurgank m kfe 
bsKein 

3-5 

10-16 

144—175 


Simrcc: GlHU, IW. 

*PtkKiphaie cniaJa in variable proportions of phosphate And 

train nhydnigcui And dihydn^im phusplulir, ut no vnluivL* can 
Ik identified And the number of mEqfl. is thercfcvc an esti¬ 
mate (Grins IW4)_ 


DOfTKpwtitKfii volumes and mnicity. Homeostatic shifts 
of Fluid between compurtmiro^ miisl then occur to 
return the system to isotcuiicity- 
Thc critical distribution of water between (he plasma 
and the- inters!ilium is maintained by the colkndoJ 
osmotic pressure of plasma protein (oncotic pressurek 

This nt the force that draws water into the capillaries 
and balances the hydrostatic pressure driving water out, 
These so-called Stirling forces describe die capillary 
bjikiricc between forces that favor filtration of waler 
from plasma and those chat retain vascular volume: 


Net filtration (NF) = A' [<F 




where A represenla permeability off (he dpllary wall. P 

represents hydrostatic pressure m the capillaries (P aj I 
- hli kh!i nr tissues CP f ) (inrersiiiial fluid), and k lepre- 
senls oncotic pressure generated by plasma protein (nj 
or filtered proteins and glyeosaonknoElyciiiis in the iratei- 
Citium (B p| ). Applying Starling's relationships yields die 
p red ic Lion that hypcprotdncmiji (dfifilfiod W p ) will 
irk.Tea.se loss of vascular fluid llikJ that wflW depletion 


(with a relative increase in JE and a decrease in will 
promote reateoipEiofl of interstitial fluid into the vascu¬ 
lature (Kohll and DiBanola 1992 ]k The volume of intra¬ 
cellular water in a fjvqi tissue is maintained by intra¬ 
cellular proud n. As plasma water decreases* plasma 
protein competes with intracellular protein for wuer, 
resulting in cellular dehydration. CMrueal alterations in 


plasma osmolality may he assessed by comparing 
measured osmolality in a patient to- calculated serum 
osmolality as determined using Ni + . K\ glucose,, and 
BUN measurements {sec the BCF osmolality equation 
provided above), Observed changes in the osmolal gap 


(difference: between measured dimulillly iirwJ the osmo- 
tidily calculated from normal concentrations.) may he 
useful in detenmining the presence of umneusured 
os moles associated with Doric substances such as ethyl¬ 
ene glycol. The osmolal gap may also he useful in 


assessing shift* in plasma sodium cmctlrtnitjan (Kahn 

and DiLiarttilsi 1992}, 


The number of cations in the BCF must equal the 
number of anions in order to maintain deelroneutraliiy. 
In practice, only selected cations and anions are rou¬ 
tinely measured in a clinical selling. Calculation of die 
difference between (he commonly measured cal ions 
and anions in ECF yields (be unmeasured anions, or 
anion gap (Oh and Carrol 1977;. Emmetr and Nunns. 

I977) a The an bn gap atailBiw can be useful in 

assessing (he etiology of metabolic acidosis and will he 
discussed in Ihis context subsequently. 


WATER, SODIUM. AND CHLORIDE 


HomeosliJisis. Daily intake of water, nulnents, and 
minerals is normally balanced by daily excretion of 
(hew subsLajkjes. Water turnover is the term used to 
describe input and output nf body water over a given 
period of time. Values for water turnover, per 24 hours,, 
in various domestic animals resting ill cages nr Malta 
range (mm about 40 to 132 mlAg/duy. The range ta 
in Hue need by specie s* age, ami physiologic state 
(Adolph 1959; Smith 1970). Extremes of Temperature, 

psychologic stale, disease, and other variables may 
change waicr demands markedly. Wafer turnover in 
mature dogs ts approx i mated! as 4040 mlAyUly, 
■while immature and lactiilmg animals may turn over 
approximately twice this amount (Muir and DiBanola 
1983). Maintefkanee fluid nee th are defined as- (he vol¬ 
ume of fluid required daily to maintain an animal in 
zero fluid balance, that is. no net gain or loss of water.. 

Normal water intake occurs in response to thirst, 
which is stimulated by plasma hypertonioty and/or 
contracted F.CF volume, Plasm* hypenonaeity, the pri¬ 
mary stimulus, prompt* osmoreceptors in she supraop¬ 
tic and puraverurieular nuclei of ihc hypothalamus, to 
release vasopressin, also culled aniadiurelic hormone 
(Anil I, which is released into the circulation aE the 
level of (he pituitary neumhypophysis. Bunding of 
vasopressin to recepEors i n the distal nephron and renal 
eolleclang duct cells activnEes adenyly I cyclase and 
increases intracdluiar cyclic AMP A pnHeun kinase 
OiiCJKJe initiated hy activUlon of prolcin kinase A 
re&ults in ojK-ning of Luminal water pores- in ihc tubule 
cell. Penmcabilily of the collecting duct to waicr -and 
reah^rption of water mcreuse. Sustained release of 
viisnprcsNiri dcpeiuls iiiiriiiimuilly upLHL caleiuni eye Ling 
across the plasma membrane und activation of protein 
Ik iiiicw C-iicpendent pathways. Frostuglandins mhihiE 
the renal response to vasopressin. Drugs with uihlicy- 
dmatygcnaH activity that inhibit pnKskighuwJin syndie- 
sis thereby enhunce the action of endogenous vaso- 
pressin. Hg. 23.1 summuri/es die effects of selected 
drugs und clcdrolyts on mopfe$xin release .and 
action. 

If LCF volume and renal perfusion decrease, volume 
receptors in the renal juxtaglomerular apparatus 
resptukL causing (he seerelion (or release i of renin, 
which converts angiolcnsinogen to angioLerasin I. This 
is the ratc-ILmiting siep in the renh-aogioiensjn sys- 
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burtHlLiTMlH 

twlfl HdJeiHsrfiit d'ugfi 

dholinergic drug a 



flC^itarMH 
narcalica 
imcolrne 
nrfrous craidq 
vlKWilrw 


isafturane 

Mrml«^i'n« 

hfii&ihar^ 

Irthiurfi 

mnthq:ayllur*n* 


alpha idrenergic drug* 

E. eetf-endo bo^m 

pljcOTDdiciaids 

hypencakicmia 

hypqkglfrnia 


© 


chlorpr op amide 

8 


npEurDhypo-phylis 



v^opressin 


94 

trihpnql 

gluCCC-UrtK^iJidB 

phcnplom 





«iO 


baawlawrai 

membrane- 


RifiAL 

MEDULLAR* 

IWTfRSTniAl, 

CELL 


nwistcroid.il 
a«i ti* m r La mm m \ □ ry 

dm» 


FK5. 25.1—ESecU of drups and electrolytes on va^pfe-ssiii «(««■ mid mectiskfiiinw of cellular ulIhhi. A A ■ mchidomc 
add: AC = adenylyl cyclase; ATP = atknsrsiike iri|*us|Juie,; cAMP = cyclic adenwine mtHHipticisptiuie; PDE = phen.pheds- 
esterasC. PGL = prusUplantlm E. fAdufrted I rum billarlcda l £ W2c.. Fiji. 3-3-1 


Eem. Angiotensin 1 is activated tcv the potent vasneon- 
sirktor angiotensin II in the lung and in endothelial 
Dell's throughout the body by angiotensin-converting 
enzyme (ACE). Angiotensin IE stimulate* the /ona. 
glomeruloaa of list? adrenal const to secrete aldoste¬ 
rone. which, in turn, causes imTtased reabsurpuon of 
sodium from itoe distal nephron with escrclkm of K + 
and H + . Doe To the increased cun cent rati on of sodium. 


plasma foecontca hypertonic, causing vasopressin 
relea.se and water retention. 


Water intake occurs in response mu mily to thirM hui 
al■Mi to hunger. Water content of food may he as low as 
10% (dry food) nr ils high as 90% (succulent green pas¬ 
ture), Canned pet fond* generally contain more Lhan 
70% water aiwJ semimoist foods are intermediate 


(2jCM 0% water) (Lewis and Morris I9K7).. Intake of 
dietary water is govt-med centrally by appetite eonirol 
incchaursms rather lltaii by fluid and electrolyte home¬ 
ostasis. In addilion Hi Water intake rebated Co wding 41TMJ 


drinking, metabolic water is pmduced endogenously 
by catabolism of proteins, i'ais, and earfkihydirateN 
(approximately S mLAg/day) and represents about 
1(>-15% of total water intake ill dogs and Cafe (Ander¬ 
son I9M3), 

Norma] water Ikw* occurs via urine, food water, and 
saLiva (sensible loss),, with insensible losses ooeilffing 
via evaporation from cutaneous anti respiratory epithe- 
Lia. Insensible lo*s*> sawn far liJ W cimimaiion of 
about 15-30 mL/kg/day in healthy, sedentary animals 
in a thermoneutral environment (Kohl and DiButnla 

1992). 

Metabolic rate, and therefore a portion of dally water 
turnover. are direclly proportional lo the ratio of body 
surface area la [trial volume. For example, the surface 
area to volume ratio in a puppy is much larger than in 
an adult dog and the puppy has a higher basal meta¬ 
bolic rate. RoLb lead |o a much greater evajmrame loss 
of water From the skin per unit volume. Hence, daily 
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water lunnw per unii body weighr nmy norly 
twice that of the adult umiaiLiil. Smiill. immature animals 


are therefore ygl gn?;Li i -f risk fiw iilscnsiMe WaLCf loss 

than large. mature animals,. 

The most important and predictable Iim* of water in 
heallhy, sedentary animals. in a tbermoneulral Otviitm- 

ment, occur* via the urine. Urinary kwt can wy 
from 2 to HI mlApftLay. Daily urinary Witer losses 
may he divided imilp 4>bligulory water kwa and free 
water loss Sltohn and DiBaitola 1992). Obligatory 
wwer kw* represents water eliimaiuled in order Lu 
excrete ilie daily renal solute load. The renal solute 
load is derived from dietary sources of protein ami min- 
ersijh and eonsKtsi of urea, Nat, K'. t!a ir , Mg 1P . NHj 1 , 

and other cations: and PG 1 , O _ SO- 3 '- and dbtf 

; * - 6 J . . 

anions. Hence, daily renal -volute load w a funclicm ofc 
the quant ily and composition of fond ingested Urea 
accounts for two-thirds of the urinary solute kud in 
dug* (CTConnor and Polls ]%¥■), 

In normal animals. increased urine solute load is 


eliminated by an increase in urine wlum f obligatory 
water km} rathor than 4I marked increase in urine 
OinaohUly. Hence, urine osmolality is not generally 
maximized in fleeter 10 accomplish steady-s-tBle elimi- 

nttH of .solutes. Obligatory renal water Loss, is dini- 
cally important for removal of renal solutes but also 
■hecyuH’ this type of water Ins* will continue even in 
states of leLalive water deficit Free water loss repre¬ 
sents water filCKKd unaccompanied by solute. Bhr* 
lion of free water is controlled by vasopressin and 
increases during iduhe water excess or hypotonieity 
and decree's during witter deficit or hypcrtnnidlyv 
Obligatory fecal witter loss occurs in order to excrete 
Uni solutes. Fecal Iohh ordinarily account fur 2-y& 
of TBW losses turd wry wHi the species. Feet* typi¬ 
cally contain 50-80% w Liter 00dm -imd DiButoll 

mil 


Refill Kk'^ulutiiin of Sodium, Chloride, und Wider 
Excretion, EBuiwition or conservation of body witter 

mud solutes via the kidneys depends Upon tike processes 

of glomerular flUnttlna and renal tubular ncahsorplion 
und tecretioa. A mijLrr mechanism for conservalion of 
water i* urine cooGainidm. The canine kidney cun 
concentrate nriite to a* mu>di as MH) mO*m. compared 
ti> 12(H)-1400 mCJsm achieved in human urine, Elimi¬ 
nation of substances via the urine depend* upon rentil 
clearance of each substance from Line plasma, The vol¬ 
ume of plasma Lhat must be filtered adl minute to 
account for the amount of ntatam appearing in the 
urine each minute tinder steady-starecnndilions defines 
renal clearance of lhal fubsliiiK.^ 

As much as 2096 of cardiac output is directed to the 

kidneys, with blood entering a renal glomerulus, 
through an afferent urteriole and leaving through an 
efferent arteriole. Rsfataocc changes in .afferent and 
efferent capillaries regulate glomerular filtration rate 
(CJt RI Foi tfiKHOHDl of normal and abnormal renal 
physiologic hnctHQ the reader is referred Co any tllfl- 
dard physiology text. An undcratinriing of the mo* 


plexitics of renal function is. crucial to the understand- 
ing of water, aeid-baw, and clceLmlyte balances. 

A-s glomerular filtrate flexws through the Lubules. 
most of the witter (grotter tlian 90%) jjmJ wyiqg 
amounis of solute are Rtfambed inco the perltebular 
cupillanes. The conipusition of Lhe lubuljj feabsorbate 
closely ■pproumittBl Vli^iV of ECF. Ruburptiu is 
largely icUevHl by criufcsptsn of electrolytes .and other 

solutes m two steps: (I) absorption of solutes from 
tubular fluid into tubular colli and (2) movement of 
solutes from tubular cells Into the ECF. Seven! types of 
transport account fur tubular reabsorplion of sulules. 
including paisivc E ran spun (simple diffusion k facili¬ 
tated diffusion, active transports and cotruufMXt These 
mechanisms are discussed in more detail in (lie context 
of diuretic drugs iSChup. 2bj 4itid sinunarized in Fig. 
2b_2, l : 'ig. 25.2 depicts some of the functiofial proceue* 
fur rc^uhaii^n of ulIi jfkl water tr an^piMT in different 

segmorts of ihc nephrnn. 

As much us QO-65% of filtered solute is reabsoibed 
in the proximal tubule accompanied by osmoLiciilly 
proporttLHia] amounts of water, l ine tubular lluid al tlie 
dislal portion of lhe prexinlal tubule bKOUfl %lighcly 
byptXHUnde. PiLssive reabsoiption of substances, espe¬ 
cially sodium and chloride, captfun in the thin seg¬ 
ment of ihe hxrp of Henle. The thick ascending limb of 
the loop of Henle and the distal convoluted tubole tn 
relali^ely impcnncablc co water hut actively reabsorb 
snlutc. Sodium and chloride enter tuhuiar cells in Lhc 
thiek ascending limb ni Hcnlc s Imp by crotiing the 
Luminal membrane coupled to potassium in a propor- 
Lion of I Nil 1 :! K":2 Cl“ Sodium is then Kkbdy 
extruded acmss tlK 1 hisolltenl membrane to maintain 
inirmzdLular sodiuim. at low levels. Potassium and chlo¬ 
ride leave the Lubular cell passively. Two cofueqimces 
L>f ihi^ arc decreased concentration of sodium and chlo¬ 
ride m the tubular lumen and incroused coflmtFallon 
of each in inlerstili-al fluid- A conontntnn gradient 
ttCRHS the luhular epithdium m established, and ibis 
becomes multiplied in a longitudinal direction by the 
enuntercurrent mechanism. The colIccLmg ducts are 
napoonwe to vasopressin, and in Its presence the ducts 
httHM highly permeable to witter. Tubular fluid eejui- 
Ubratteswith hypenttuntic interstirium, qnd hypertonic 
(concentrated? urine results. In the absence of vuo- 
ptessin. ihe duds are relatively impermeable to water. 
In 1 his ense„ sodium and chltjride have been leubsivbed 
prnximatly to the collecting ducts. Luhuliu fluid is 
hypootmotk;, and raided unne is dilute (Thief |yti7l 5 

Renal reabsurpiion trf sodium in lIh- dntil nephron is 
increased by iddiMenme, u minenkmlkad synihc- 
wd iuthb^mii gkmendosi of the adneoai ooftex. Aldi> 

slencMie is pmduced and released in resfKKtfN; II? siimtila- 
licsn hy angiotensinTL h>I'ctkalemia. and byadeone in 

JLeiary scKlium intake. AdROOCOftkuUopk honnooe 
(AtlH) and hypimalrenmi pluy pennissiw nrifl in pro¬ 
moting uldfii'iteTow KCntktti Increased dietary sodium 
4 ute) utriiLl nalriuretic peptide (ANP) decrease sHoefeeiUK 
pmhKtkm. ANP is a polypepl idc i t kil l ed fnwn atrial iuul 

xxmlriculjr myiKyles in response to atrial dislenlnm ssw- 
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dated with volume expansion. AMP lains vascular 

smooth nmifi rekiAatiuti, InfaiMvs pfoducinti of uldmije^- 
mne in the adrenal glands and Mucks the production of 
angiotensin II, Study results *uggc%i that parathyroid hor¬ 
mone (PTH) is required foe augmented ANPsecretion ini 
response io acute volume huding in rats, PTJI may play 
an important role in She regulation of fluid hi.uiULmtasis 
via control of ANP (Geiger et flL 1992). 

In general, chlunde is reabsorbed wiLh hlkJluvti 
throughout the nephron. As previously noted, chloride 

is exchanged in u ratiu of I Na + ; 1 K":2 Cl in the thick 
ascending limb of HenLe's loop during sodium reab- 

sorptton, Because the ootfaitspofwr in this exchange 

has- a very high affinity for both NV and K\ luminal 
Cl" cooc^ftiilkn h normally the nu-ILmlting step in 
NaCI entry into the cell {GK^r^nd Velusciut?* 1987), 
Additional active and pat\ivc pm cesses contribute to 
proximal O reahsorption in the renal tubules, Chloride 
exchange for formate appears to occur via an an km 
exchanger in the luminul membrane. Low concentra- 
tfcm of filtered formate combine with ll + to form 
formic acid (HF) in the tubular lumen. Because HF is 

uncharged. it mows freely into ihc tubular cell. T^o 
additional mechanisms sel the singe for conversion of 
HI-' back to formate and FT. First, b&sMateral Na\K + - 
ATPtt&e pumps- mainAiiin a low intracellular wsdtum 
Ciwcertlratuui,. and this, in Lum. allows tor the continued 


exchange of Na + -H* across the luminaJ membrane. As 
Na* i s reabsuf hed and H* is secreted. Use imerior of line 
cell is left with a lower [H"| chan the tubular lumen. 
Under ihesc conditions HF is converted back in H f and 
formate, providing for continued chforide-foimitc 
exchange. Reabsorbed chloride is returned to site ECF 
across (he bfl-ttrfaterul membrane by selective Cl* chan¬ 
nels and a K + -C1 wuninspuftix < Rose I W k Additional 
transport mechanisms in type B imtervatuied cells in the 
cortical collecting tubule may nchange bicarbonate for 
chloride, Tlic favorable inward conceutratLon gradient 
for chloride (lumen ctm^iii ration greater chan inside 

the oell) presumably provides the energy for hkarbuti- 
iLTe secretion via this mechanism (Ruaiatni et nJL 1991). 


I>i-^i,ii-dLTh oE W uIlt; Smlium, jjiicII ChJ 4 »ri 4 lc > tLihinrc 

Types ejf UDehydratton. DehydMka may be- con¬ 
sidered in three general categories: hypertonie. ihinoniLe, 
iuld hypotonic. Pure water lurss and loss of hypotonic 
fluid lead to hypennnit: L^hyslnUion. As pure w^er is 

kist from the ECF, fluid shifts from the infra- to the 


extracellular compaftment in response fis iiiuWysDil 
osmolatily. The resulting proportionate distribution 
of volume loss results in fewer clinically Lkicct^bk.! 
sigili of wshme depletion in the patient. Causes of 
dehydration ussucialcd with pure water deficit include 
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TABLK 25,5 — Physical UndiDgs in ddiydruliun 


I'Sl'ill'iiI dirllvdnilKMi 

Cliokal :iien:-. 


4 nr less 

5-6 

7-8 
?M I 

12-15 


Hi jffi&gy lie |]1 il3l! lnv->. nniu“<sus men limine' |jl|l) mui '.C. ut-1 deuce nt Iticrsl 

SuhiL- IsKhh Lrf skm elasticity. si i^hi delay in reium <rf skin ici nunnal ppdhkHi, bpirml dull, 

urnu mentinnH sdighily dry bui toeguc still moist 

Infinite delay in rcEum Lif skin En niimul pcmliiin, huLli EiHietHJs mendiranc-t and [pitfuu may 
be dry. eyeballs tuny tic Hnd sunken. '.liphrt pmlongslinn of ciipillnry refill lime 

TcuLed skin dcx.~H \n:4 il'Eiuil \aj nmilial |x>si 1 iiiii_ dufiililL itfuluikcjhuil liT capillary a'Ctill ItllliL 

eyes diAikriy unlam in oririb, all huhoid membruno dry. may be ngae of rimefc achu 

l+K’hyciin.lia. cool iss I re mi I id s, njfwl and ueak pul sun 

IX-f i ibid- Mgib ni' shix'L Luid drculHory t^lkpm doth is uuninfiaL 


hypiKJypsiii due to neurdo^ic disease. diabetes 
innipiiJus. respiratory losses during exposure Lo elevated 
icmperaLures. fever, and imdeqiutE access no wtitr. 

Loss of hypOUHlk fluid, us coiqptred In pure wetn. 
result* in a greater depktum of BCF volume since Lhere 
is less wnpbc drive Ll> puli volume from clue intracel¬ 
lular space. Hypotook lluid krifts ure tommon und 
hive been subci&ssifred us cxirarenal and renal. 
F.xlrarcml lows could include gastrointestinal le g.., 
vomiting or diarThcai or third-space loss <e.g., pancre- 
jLlilis, peritonitis* an a result of surgery or cutaneous 
injuryK Third spacing is a Lunn used Lti describe 
extra vautloa of (luli from (be vascular compartment 
Into extnvatcular spaces. As tonic ily of tost fluid 
approaches or exceeds normal plasma osmolality 
ifiihdul 300 mOsnfts). dispnpoituxile depletion of 

ECF causes mure evident c linical signs of ddiydnlkn. 

Volume depletion would likely be the most clinically 
apparent i n cues of hypertonic 11 uid loss, 

EsdnHtlHB of povein dehydration based on clini- 
■L'-iil signs are given in ‘Subic 235. Skin elasticity is a 
useful indicator of hydration slams. However,, Age of 
i he animal, body condition, and (he technique used for 
evaluating dosticily muy affect hydration assessment. 
With advancing age or cachexia, loss of fin and protein 
may account for decreased skin elasticity unrelated to 
hydntiw, Ctnvnwty nbeve whIb are likely its 
rclam skin elasticity longer m (he face of dchydratiuon 
Prwsihly as a resull of vvietHIK in elasEm cun Lent of 
fldfl 9 some species display smaller changes in elastic^ 


tty for a given degree: of dehydration, Tins may he | 



membranes can indicate dehydration. open-moulhed 
breathing associated with respiratory disease may 
cause misleading mucous membrane dryness. Degree 
of enopdubnw is considered a very useful parameter 
in assessment of dehydration in large umiaks. I-or 
example, ihe measured gap between the eyeball und 
nrbil has been included as a guideline ter assessment 
of dehydration in neunaial calves. A gap less than 0,5 
cm h correlated wi(h 9- 10# dehydration, and u gap 
greater iliun 05 cm suggests 1 1-12® loss of hydration 
(Naylor 89%). A recent study evaluated several chub 

cal and laboratory pntmdAt id determine which 
were motet useful in assessment of dehydration in dfcar- 
rheie calves, factors assessed included extent of 
eMpbthlhlKH, skln-teflt duration on neck, thorax, and 


i.3p| h p i and lower eyulkSs,, heart laic, mein ccniral 
venous pressure, peripheral 1 extremities) and core 
temperatures, packed-cell volume, and hemoglobin 
and plasma protein cooccfltvadoni The best predictor* 
of degree of dehydration were extent nf enopbihaliiKn,. 
skin elasbdly im neck und thorax. mid pliisilia protein 

crmcentnikm (Constable ei al. I^Sj. Laboratory 

puramelcrs such as hcmatiicril, plasma prcMcin. and 
osmolality are often nscfiiL buL AsKsamciti vhcnuld 
include considerjtiim of possible preexisting derange- 
menlx, such us anemia or hypopmLeinerma. that could 
confound Interpretation, If an accurate previous inaJly 
weight is known,, will chan^c-h in weight are consid¬ 
ered a very use tel and occuraEe measurement in deler- 

mining decree of dehydration. 

HYPERNATREMI-v Aj che most impotiiim arul abun¬ 
dant ECF cation, sodium is essential for proper mainte¬ 
nance of ifmihruibe pi^Ktuifils, initial ion of action 
palemijls, and, wonUnn tL> strong ion ditlerenee Lhc- 
ory, myimcnancc of acid*base balance. Ptarau sodium 
concentration and plasmu osmolalily generally vary in 
parallel since sodium and irts wcviaM anions aocount 
Cor greater Lhan 95# of plasma ii^molaLLLy. Plasma 
sodium enncenlraLiim reflecls ihe ratio of body sodium 
inn concentration to TBW. Total body sodium amLeuL. 
hewever. ls independent of plasma sodium amcciiLra- 
Lion and may K 1 increas'd, decreased, df uiK'hiiilgeil in 
Lhe {KSflue of hyper- or hyponatremia. 

Clinical iigus associated with aileralioru in serum 

sodium ore more relaied to Hie rapidity of change rather 
than ro ihe mugniiode of ndium increase or decrease. 
Hypcnutrnnia |e.g. f >153 mEq sodiuin/L in dogs) and 



I water, xi lty%s of hypotonic Hu id (extrorenal or renal J, or 
| a gain of impermeable ssHiium-cmiLaining solute (fitt 
Fig. 25J), Clinical signs of hypernatremia are usually 
observed in dogs arid cats ai sodium concentration 
approaches and exceeds. 170 vuEqAnL The signs seen 
are related to the oirmiic mirteinem uf water nui of 
ecll>>. Negative dTee1> of cellular dehydration ore most 
pnwiounceLl in ihe brain and lead to Lhe eharaeleristiL 
neurologic deficits iwciated with hypernatremia. 

These deficits include abnormal behavior and mcMi- 

CiiHt, ataxia, seizures, aiid coma. The mnre rapidly 

water shifts out of brain cells, the greater tbe chance 
chat decreased brain volume will lead In rupture of 




Chapter 25 f mranluJl Of aou-Rase hauumce / ileborak T. Kadi/var I SOT 



I'lfi 2S.3—SufnmaiTr nf datsi.llcaiiim, cnuu^v and iireauoeai uff hrypctnaircfiklL See icxi for additional details of treatment, 


terrebnl wskIs and fddl hermHThuge (Arieff jjkJ 
Ouitak» 1976). If sodium cunccdiroAiun nr ooficetiln- 
tion of sodium-containing impermeable sol me 
incmeascB slowly. tbe brain attempts to adapt to the 

hypCTtortk' stale by pfoduclkwi of intracellular solutes 
(e.g„ esu|tn r amino aeieto) known as “kltagenic' 1 
o&innlcs. Production of these: ucsmoiically active sub¬ 
stance protects ihe cell by retaining intracellular vol¬ 
ume and preventing cellular dehydration. In addition to 
neurologic deficits, niher clinical signs of hyperna¬ 
tremia include thirst, anorexia, lethargy, vcimiling, and 
muscle weakness. If hypernatremia is rcltiAed to hypo¬ 
tonic fluid loss. iIk.ii clinical sign* of dehydration (as 
previously dooilHd) may be present- If a gain of 
sodium has caused! the hypernatremia. volume overload 
may be a problem, especially in patients wilSi cardiac 
disease. 

Resluration of tCF volume and lankily is of pri¬ 
mary importance in iKahneni of hypernatremia. Vol¬ 
ume rept&cemeiii must he accomplished slowly to 

avoid rapid shifts in plasma osmolality. In general the 
rale of Hu id administration is determined hy ihe rale of 
onset of the hypernatremia. When treating chronic 
hypernatremia., Ilie serum sodium cunrantiaLlMi should 
drop at & me ihui does not exceed 0.7 mEq/L/hr 
(O' Rrien IW5), If plasma n&mnlality drop!, quickly, 
water may he attracted inLracellulariy by idiogenic 

ttemules* resulting in development of cerebral edema. 


In die case erf pore-water km* volume can be replaced 

wish S% dajtn»e in water over a ■!»- lo 72-hnur period. 
Since the dextrose uLti martely enters cells and is metah- 
nlizedL 5% dextrose administration 3* essentially 
replacement with pure water. Use of a 1:1 mixture of 
normal saline with 5% dextrose solution yields an iso¬ 
tonic solution of 2.5% dextrose. 0.45% saline th^ic hm 
also been utilized. This solution decreases plasma 
tonicity more slowly and deCMH. 1 ^ the ch-iiiice for cere¬ 
bral edema. Hypotonic fluid losses should generally he 
replaced with an isotonic crystalloid solution. If hyper- 

nuLfemia has resulted from addition of sodium or 
sodium-ctiniuining impenneable solute, then adminis¬ 
tration of 5% dextrose arid water should he accom¬ 
plished cautiously to avoid pulmonary edema. Diuret¬ 
ics may be useful in promoting sal uresis (sodium 
cmreiion) as ECF volume is restored (Marks IW). 

KYPONaTREjM I a. Cmms of hyjHrtiu.in.-mia i< 135-141.1 

mEq sodium/L) are best categorized if two additional 

variables, osmolality and hydration, are -also consid¬ 
ered. As indicated in Fig. 25.4, the more common 
causes of hyponatremia are accompanied by decreased 
plasma osmolality (<290 mQsntikgj) with or without 
volume depletion. If volume depletion exists, with 
hypernatremia, then loss of body sodium has exceeded 
water loss. Physiologic responses lo hypovolemia lead 
Co unpaired water excretion and a relative dilution of 
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the sodium remaining in body fluids. Hypovolemia 
causes decreased renal perfuskw and GFR, leading, to a 
decline in water excretion. Slower movement of filtrate 
through renal tubules enhances tsosmotic ittbsdrptitm 
of suit and water in the proximal tubules and decreases 
presentation of tubular fluid at distal diluting sites. 
Additionally* hypovolemia prompts vasopressin 
release, further impairing water elimination. Finally, 
thirst related to hypovolemia results in cndmimptiQa of 
low-sodium fluids that also dilute existing plasma 
sodium {DiBarfota 1992c). 

Hyponatremia accompanied by hypervolemia and 
low plasma osmolality occurs in clinical disorders 
where there is a physiological perception of volume 
depletion by in vivo volume detector*. The physiologi¬ 
cal response is volume expansion For example, in con¬ 
gestive foam failure, decided cardiac output is sensed 
as volume depletion by hnmrcceptnrs. Release of vaso¬ 
pressin impairs water excretion. leading co expanded 

vascular volume, Decreased effective circulating vol¬ 
ume and decreased renal perfusion also lead to activa¬ 
tion of the renin-angiotcnsin-aldoslcronc system, 
Firahaneed renal retention of sodium contributes to 


expanded vascular volume. In cirrhosis and the 
nephrotic syndrome, hypoalbuminemia and decreased 
oncotic pressure muy contribute lu decreased effective 
circulating volume and. ultimately, vasopressin release 
and volume expansion. Other features of hepatic and 
renal disease also contribute to decreased circulating 
volume and/or impaired water excretion i!DiBartola 



Hyponatremia isreluflivcly less common w hen asso¬ 
ciated with increased plasma osmolality. The most fre¬ 
quent cause of sodium decreases in the presence of 

increased plasma osmolality is the increased circulat¬ 
ing glucose levels associated with diabetes mcllitus. 

Each 100 nng/dL increase in glucose results in a meas¬ 
ured decrease of scrum sodium by 1.6 mFq/l. iKatz 
1973). In response to the increased concentration of 
serum glucose, water shifts from the intracellular to the 
extracellular compartment, resulting in diluLton of 
measured sodium. Serum osmolality remains high due 
to elevated glucose concentrations. 

Hyponatremia associated with normal plasma osmo¬ 
lality is referred to as ps^dohyponatRinia. The 
decreased sodium eoncciumtaons are spurious and arc 
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almost universally related to technical dilTkuIttes in 
sodium measurement when plasma lipid nr protein 
cnnecntrafions arc high. 

Ah with hypernatremia. climca] signs nf hypunu- 
ircmia are more severe if sodium conccntrution 
changes rapidly than if if c-hang.cs over a mm pro- 
longed period of time. Tf sodium concentrations and 
plasma os-moJality decrease quickly, water shills oul of 
the ECF and into cells. The central nervous system 
(CNSS is nod affected by u rapid fluid shift, which, in 
hyponatremia. resuks in devdopmeil of cerebul 
edema, If iMisei of hypomdrcmiu is slow, she brain can 
adjust cell volume by decreasing intracellular osmolal¬ 
ity And prevenEing influx of waler from Lhc ECE\ 
Paiintls with chronic hyponatremia will also adjust 
intracellular osmolality Co an extent that clinical sign\ 
may nol he obvious even though sodium cnnccntralkins- 
are quite low. 

Treatment of hyponatremia vanes with cbology nf 
the diHfder. The goals of therapy are Lo manage the 
underlying disease and, if nronary, lo increase -serum 
sodium and osmolality. InfunLon with conventional 
crystalloid solution*. (e.g.« normal saline or l-iictuled 
Ringer's uluhot) is reported lo accomplish sodium 
aud volume replacement m hyponatrecnic. hypo 
wulemic patients (DiBaxtola 1W2c). Use of hypeftMk 
suline solutions is nut recommended since overly rapid 
nmcdH of hypoutremii may do more harm ihan 
g ijm iii Chronic hyponuLremia, in which the brain has 
adjusted to the decrease in osmolality and sodium, 
musi be handled cautiously to avoid brain dehydration 
and. injury, including osmotic dcmyclinalion syndnime. 
This syndrome. often occurring several days after cor¬ 
rection of hyponatremia. results from areas of dcmyeli- 
nsition cu»d hy uvjiuneni -induced increases in scrum 
sodium concentration. Dogs with asymptomatic 
chronic hyponatremia arc best treated by mild water 
restriction and monitoring of -scrum sodium. Chronic, 
symptomatic dogs should be treated such dial the rate 
of increase of scrum sodium docs not exceed 10-12 
mEq/Uday (U.5 fflEqjTJhr) >1 OLDucrlulii 199B)* Again, 
the must important therapeutic goal in managemenl of 
hyponatremia should be treatment ol the underlying 
disease. 

HYFQICHLOflEMUr Fluid loss associated with small 
bowel d imhea often results in greater loss of HCO” 
than chloride due to loss ol alkaline puncrealic secre¬ 
tions and bile and HOG,” Mention In exchange for Cl 

iu ihe ileum. The resulting liypncUoRfllllc mehiholie 
acidosis is dHCKtcrizsd by a rmrmul anion gap, Addi- 
lional HIM and treatment for hyperchloremic meta¬ 
bolic acidosis will be considered subsequently under 
the hewing of metabolic acidosis. Please refer Lo the 
discussion of hypernatremia for LreaLment of hyper¬ 
chloremia associated with Joss of free water. 

HYTOCHLOKEMIA. Hypochluremiu rttuy he SHU in 
patients with Hu id ktttttdktt vomiling Of 

diuretic administration. Hypochloremic metabolic 


alkalosis may develop in these cases because an excess 
of chloride is lost, leading to decreased filtered Cl in 
the renal tubules. As previously Doled, activity of (be 
Na-1C-2CI cmranspuner in the luminal membrane of 

the macula densa cell is primanly delermiiwd by the 
availability of Cl , In hypuchluremia. le*s Cl is deliv¬ 
ered. resulting in less Nad re-absorption, promolion of 
renin release leading lo secondary bypenldWennilfn, 
jiiid increased disiul H' jec i tiH i . If further Na" reab- 
snrpcion does occur, then Na 1 must he accompanied by 
uJi anion other than chloride, usually bicarbonate, or 
musl he exchanged for a secreted Cation* either M* or 
K\ In additicm. bicarbonate secretion in exchange for 
diknide. which is thought lo occur in intercalated cells 
of the cortical collecting tubule, will decrease since this 
process is presumably driven- by a ftvonblo towd 
gradient for Cl, As luminal [Cl | decreasesv die gradi¬ 
ent is dissipated and Ucubofutic Is retained in the sys¬ 
tem. All of die foregoing mechanism promote nteo- 
tion of base und OCKtin of H\ leading lo a 
hypochloremic melabolic alkalosis (Rose L994|L Treat¬ 
ment with chloride-replete fluid neb a* normal saUlte 
is usually adequate 10 revive ehLnridc-re%piwi5dve alka- 
loffi, As will he discussed he low, poLassium depict™ 
ni-iiy also promote a metabolic alkalosis and should be 
addressed as needed by addition of potassium chloride 
id Fluids. 


POTASSIUM / 

lluinro&liisis. As I he naujor intracellular cation, 
potassium ciHiccntTatious inside (145 mEqi'Li and out¬ 
ride (3-5—5-5 mliq/L) the eel I are maintained by lhc 
Na'.K^-ATPasc pump. IJuder mirmal circumstances 
each pump actively transports Lhree sodium ions out off 
and two potiMkim ionv into ihe cell, but ihe ratio can 
change depending upon the circum-sLaticcv The ralio 
of iutra- lo extracellular coflKDlmttan of potassium 
<(K*V(K1J is Ihe major determinant of resting mem¬ 
brane potential. Retting membrane potential is crucial 
to normal membrane exdtaMUty auociaicd wiih car- 
dlac coodHctioa, mncle cooiradion, and nerve 
impulse iransiiLissioa. 

The normal dietary intake ol polassium is much 
more than the body requires. About MM of this intake 
is cxcreLed m the unne. w ith Ihe remainder of what is 
not required eliminated rn the stool. Plasma potmiuo 
coomvtmtioa is determined by the movement of 
potassium into or oat of cells. Two important factors. 
Hjilinirriativig the iranspnrt of potassium into cells are 
insulin and p-adrenergic stimulation (Clausen and! 
Flatman 1487), Aldosleronc is Che pnmary Uetermi- 
nanl of polas-sium secretiun across renal tubular 
epithelial surfaces. 

Renal RcgulatfoA nf PiiitoMlsjiti Excrtllon, Mart fil¬ 
tered potfeHinm (60 is reabfwni»d in ihe prtixi* 

nriLl tubole. In ihe early pnutiflud cuhnk. potuum 
enlcrs the tibutar cell at (he luminal surface by active 
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transport, The intracellular cwalntiHi of p otaB iMt 

is bigh B and the lUdKfl of She tubule i* negatively 
chared relative to the interior of lhe early proximal 
tubular cell. Puiavsium passively exits the basnlalcral 
membrane of (Ik lubular tell down a favorable chemi¬ 
cal cinftviltnition gradient. In the msd-kJ-late proximal 

tubule, the mhulaf lumen 1 s reUtively sore pulllvtly 
charged than ihe suhular cell interior, This Givon iIk 
pHCn reahsnrpbtHi ol potamum. Potassium again 
exits on the hasolaceral sick of ihc rubular tell down a 
enncenLral inn gradient. Potassium reahNorpthvn by 

mlercalaled cells in live distal nephron is similar Cinllw 
process in the early proximal tubule and involves 
active transport at the luminal cell membrane followed 
by passive diffusion from I he cell at Ihc bavriatcral 
membrane. 

Tubular secretion nf potassium is aldosterone medi- 
uled and occurs in the distal nephron (late distal tubulti 
or connecting tubule of the collecting duct sy^ein) pri- 
murily in She ‘“principal'" cells of ihc collect inf* tuhules. 
Additional mfrxnnalion on mechanisms of collecting 
duct system reubsewption and secretion is given in 
Chap. 2b (E"ig. 26.2 k Principal cells are rich in Na\K*- 
ATPase and respond to aldosterone by increasing the 
number iitftl IdMty of Na\K"-ATPase pumps m the 
biL^CiliiteTuI membrane. The increasing Lumimil mem* 
brane permeability Io sodium causes greater lumen 
negativity relative So She tubular cell interior and 
increase* luminal ptrm&ibifciry in priml um. This bdi- 
itatex potassium ncMHO iflfo lift (ukle ItilHtk AMo- 
sSenone-stimulalcd Nfl% K+~ATPuc pumps 

potassium out of the peri tutelar Fluid through the hiiMV 
littll tubular cel I membrane. Movement of potassium ] 
from die tubular cell Lhrough Lhc luminal membrane 
and into she Lubule lumen is favored by relative nega¬ 
tivity rfshe lumen compared to the interior of she dis¬ 
tal sulujk cel (Black 1993). 

When plasma pvfaHiwn cttflcenSnlkn is low. secre¬ 
tion of potassium by She principal edit is reduced 
while Iqdngn ion secretion may be increased.. Active 
potassium rnbrorption hy iiiiercithucd tells in lift dis¬ 
tal nephron is also stimulated hy a potassium deficit, 
An addilional Factor affecting ilk* movemenl of potas¬ 
sium across tubular cells iv related to tubular Flow rate, 

A rapid flow of filtrate through the tubules Duiinms 
the potassium concentration gradient between She tubu¬ 
lar cell interior and She lumen of She tubule and 
enhances pdftttkua excretion* A reduction of tubular 

flow slum Mention by ilkmiig a retail vely greater 

oomntndon of porassiun so be maintained in ihe 
lumen n-f She distal tubule (DJBartnla and Autran de 

Mono 1992) 

Disorders ej€ Potassinm Balance.. Disorders of potas¬ 
sium balance have marked effects on excisable mem¬ 
branes. The difference between she resting membrane 
potential and She membrane potential required for 
depolarization C threshold potential? determines the 
excitability of a celt. Hypokalemia makes Lhe resling 
membrane potential more negative, thereby hyperpo- 


lanzing the cell and increasing the difference beLween 
resting und threshold potentials. Hyperkalemia cum 
the resting memhrune potential io become mofc fHKi- 
tive. hy popularizing ihe cdl »d causing hype rex* 
eiiabiliiy. In hypericaLcinia, if she resting potential 

decreases So less Slnui lhe ihrcshnld potefltiaL the veil 
depolarizes bus is incapable oF repolarizing, resulting in 
kiss of cell excitability iDiBartola and Autran de 
Moracs 1992). In cardiac- muscle this results in diastolic 
HHt m vascular smooLh muscle hyperkalemia causes 
WQUIUtri c Lion. 

Changes in pH affect the distribution of potassium 
betwetl Lhe ICF and die ECK When acidosis is pres¬ 
ent, po t a rim a rum our of cd h in exchange fur 
hydrogen, wfakh moves intracelluJarly. In she dislal 
luhule more hydrogen. Lind relatively Jess prtu&km, 
map be exchanged for sodium as she luminal mem¬ 
brane, leading So decreased potassium excretion. Based 
on these general principles, a clinical rule of thumb 
predicts rhuit etch OJ unis decrease in pH will be 
KCUmfWkkd hy a 0,6 mEq*1_. increase in serum p<.»las- 
siuni fflrcensriiii m 

Cmvmcly, in alkaloiis potutun lends io mm 
into cclh in exchange fur cutncdlulir mowonu of 

hydrogen. Hypokalemia has Ftccn thrwaghl Io prompt? 
alkalosis because less poiflssjwm ii asailable So be 
exchanged for sodium in rhe ili^ ml| stil^le, Instead^ 
sodium exchanges for hydrogen ;ii ih^ lun^iind iileni* 
brane. leading uUimaLely So reclamation id'bicarbonate 
and increased systemic pH. At the same time that sys¬ 
temic pii is increasing, mm: re led hydrogen ions 
fffriimged fi«r Mdiure CWK the urine pH to decline. 

Aithoofh the principle^ outHned ibow in Ci.no- 
monly slated and widely applied clinically, ii is ili4 
clear that ihese cxpl anal ions jiff itdcquaic. hi aodosti 
the effect of pH eluinges on potmwro tremlocidM 
vanes with the nature of the acid anion, tripod pH and 
HCO," cofloauntioa. osmolahly. hinmonal activity, 
and ii^er and renal function CDiBiirtola and Autran de 
Mtnii 1992k Allhough changes in >erum potassium 
hive been documented dunng acute mineral acidosis 
CWWl by HCI or NH 4 CJ (Adrogue and Madias 1981k 
acute mettboUc ackbsii caused by tsrg^nic acids did 
na iiKrcasc scrum potassium as predicsed (CKier ct aJ. 
1980; Adrogue and Madias 1981k tn certain ccmditicms 
fc.g.. r diabeiic ketOKldoslj). hyperiulemll may be 
more direcsly lawdlltpd with hypcrosmotalily and 
insulin dcHeiency than with the acidovis itself. In lactic 
ncidosis, increased senjm potfitluiru concentration may 

he lhe rcsiLli u«f to tease! of iiiiniccllul^i 1 |NiCassiiLni 

caused hy cell breakdown usoctUed wjlh dwresLsed 
pcnphcrul perfusion (Black 199.1 j., Melahriic acidnsK 
associated with ho4h mineral and organic acids may 
directly or indirectly stimulate aldosterone secretion. 
The effects of aldosterone Facilitate excnelion of the 
acid load and. presumably. piUassium. althungh one 
study failed lo show any chutes in scrum potassium 
concentraUun ( Perez cl aL l'980). 

Early studies of (he effects of hypuritalemia on acid- 
ha>4? balance may have overlooked the key role of chfco- 
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ride depletion in causing metallic alkalnsis tDiRar- 1 
tola and Autnui cle Morais 1992). When pure potassium 
depletion is. crt^neiJ iairtigeiiically in rats, metabolic 

ftDaloni nsub. Howew B in dogk pmiuin deficit 

with normal chloride IcveLs leads lo mrtnbolit; acidosis 
due. presumably, to a distal mil tubular acidification 
defect (Garella et al. 19-79). 

Hvpf.RKjMLEMIA. To cat body potassium may he nor¬ 
mal, ikereajicd. or increased with hyperkalemia. Clini¬ 
cal signs of hyperkalemia (>7.5 mliq/L) 4tre generally 
associated with changes in membrane excitability and 
arc more severe it' the increase in potassium has been 
rapid, Muscle weakness, twitching. and irritability may 
occur. Elcctrcicard iographicalty determined cardiae 
effects may include extnesy slides. tuifavenlriouliir con¬ 
duction blocks, high-peaked T waves, altered QT inter¬ 
val, widened QRS interval, decreased amplitude or dis¬ 
appearance of P waves, depressed ST segmenl. 
ventricular asystole, or fibrillation. 

Causes of hyperkalemia are summarized in Table 
25.6. The more common causes are rotated CO 
decreased urinary potassium excretion. Pseudohyper- 
kaJemia related to hemolysis can occur in species that 
have high red cel I potassium cooicgfiLraciunv similar lo 
humans, Dogs* sheep, and cattle tan he divided into 
lWO groups based on N* + 1 K"-ATP^sc activ ity in. red celt 
inembran&e. Those nimaJs with high activity and high 
intracellular potSAsitmi concentrations are at risk for 
hyperkalemia caused by hemolysis. Animals with 
genetically determined low activity and low intracellu¬ 
lar concentrations of potassium are unlikely to suffer 
|nicii pMnidohyperkalemia since the concentration of 


TABLE 25.6—Causes of hyperkalemia 

FMimntii dnrmfcn 

* Urethral nh^ rut Li tin 

* Kuplured hladdtr' 

■ Anurk or clifiiric renal Failure: 

* HypoudrcaiucuftiCism 

■ Gaslmimestinal diseases (c.g. e Trichuriasis. snlrnunelltid^ 

perforated duodenal LikorVI 

■ CtiyloshofliR wilh repeated drainage «T ihc pkml dfFiHtwt 
fc Drugs 

ACE inhibitors tapUJfiriS, erialaprill 
ftiiaMium-conuimLng drugs <e.g.. potassium chloride( 

Potassium-spuring diuretiev leg., spanirKtluLiLirc, 
amiloride. Iriamlerenc I 
NVaislemidaJ anrti inllLLinmiUnry agents 
Heparin 

Thaumvticiti fium ihr fCF to ECF 

- Acme nuntr.il atwJkFsii it.j;., HO or: NH Cl udmiiiihcrutiuni 

■ Insulin deficiency (e.g.. diabetic krtoadlosis) 

■ Ischemia nrptrrfu.s11.111 

■ Drugs (c.g... propranolol) 

■ Acute tumnr lysis vyndnyme 

* Hypcrkokmic pcrkilk paralysis, (rare) 
fttcMMtd iwat? (nine} 

Ptaudohyperkakmiti 

* Thrombroyiosis 

* Hfifnotysli 

Source: Adapted from DiBanota -jiiiJ Autruii -.It Morais 
1992, 1 CIS, Table 4.6. 


potassium in red cells resembles the concenErmion m 
[he ECF <r>iBiirxols and Autnn dc Mnraiis ] W2). 

The effect! of several differciiL drugs may import 
serum poduluD concentrationi. Since potas&i u in 
uptake by cells is medteied In pan by ^eednliviiun^ ul 
|S Tcecpicii v, ft hlodkcrs decrease inljuecnuluj potassium 
movement and increase ECF* potassium concerntnilioris 
Angiotensm-cimveirling enzyme (ACE) inhibitors may 
cause hyperkalemia by interfering wilh irngkrteirisiil 

IJ-mediated aldosterone secretion. PtosUglandin 
inhibitors* heparin, and sc le Lied (Hna^ium-^paring 
drurelics (e g- spirawiactone) increase serum potas¬ 
sium by decreasing (he secretion of aldosterone or by 
bfcxiling ill activity, [n many cases drugs alone may 
mu hav^ a marked elTed on serum potassium concen- 
iratiiifii hul if combined with a potassium load or 
detTeared renal function may cause clinically signifi¬ 
cant hyperkalemia. 

Treatment of hyperkalemia varies with the severity 

of the condition in terms of magnitude and rapidity of 
onset. Emergency treatment is. indicated if potassium 
rises, quickly iind amds WW.H mEq/L (Phillips and 
Pulliri 1999k Serum potassium concentrations less 
than these do not typically induce life-threaLening car- 
iliotoxicity and can usually be managed wilh adminis¬ 
tration of potassium-free Jluids. More aggressive treat¬ 
ment is necessary if cleclrocMdiugrapliic signs suggest 
toxicity. Additional measures that may be taken in 
treatment of severe hyperkalemia are ^umrn-iuized in 
Table 15.7. Soane are directed EuwajJ increasing move¬ 
ment of potassium i'rom the extracellular to the intra- 
cellular compartment (i.e.^ glucose, ansuiin, and 
sodium bicarbonate), while others are intended to 
decrease potassium Ihm the ECF by enhanced renal 
excretion le.g., diuretics) or decreased gastroinfestinil 
absuiplkm li.c J§ orally udmiiiistered potas^iuni-hlfiding 
resins such m sodium polystyreoe sulftmte). Hicrapy 
with calcium gluconate is included as pun: of the emer¬ 
gency treatment of hyperkalemia because changes in 
membrane excitability iissocialed with alterations 
in potassium may be exacerbated by abnormalities in 


TABLE 25.7—Therapeutic HHudderatkins 
irn the management of severe hy pcrkalcmiu 


■ Establish veHm *ec ms and mluimisier p:«Lii«ium-ckfitfiem 

llutih. 

B Lhsc-Dmaibue potassium intake, including drugs Itiai may 

jutint^L’ hv(".TkjIonia 

* AdihimisLrr I be tulltiWiiig Ji UaDOded: 

NaHCO, (0,5-1 mEiqikg. slowly IV) if ninrl is ucid^ic 

{'uleLum ^lu^r-niile 1 10% M-lulii.in: IJ.5- I niUkL! skwlv 

IV up to 10 mL maximum > 
frlUL'LlVC! |2£K1> Hltu.lH.^1, fkS- I .Q gi'kg. IV |> 

InwiLio 10.5 ILIkg? and glucose GOft sol utUMi: I g/kg; 
half given IV bolus iind the remi.uni.lRT infu^il over 

2 IteTufN) 

* Pliljctium w;i!slin|f lILiit-. I ils ihi-.Il:, -.:lLlnmllii;ij , 3dc, 

by d r ue h UyfrAh iaz iJe ) 

* Sodium polystyrene (20 g with 100 mL 20^: sorbitol) per 

Wh nr 50 g in lilt-200 oil. lup water :ilLl - iiIiliil liil'iiIBI 

* Pnrfemal dialysis (Inst resort) 
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■united calcium. Ionized calcium affects Ihc threshold 
potential of a membrane and. when calcium iv 
decreased, brings threshold eloper to mdflg iltenibrdJie 
potential, resulting in greyer membrane ^notability. 
An increase in ionised calcium hps P-N Opposing effect 
un membrane excitability by increasing the thre^liold 
potential and making depolarization more difficult, 
lienor, hypocalcemia exacerbates hyperkalemia while 
hype re n Ice mi a cmuntenacts hyperkalemia. 


H YF0KALEM1A. Since 97% of total body potassium is 
■ntriicellulai; depletion can occur with no change in 
plasma poLassium concentration or even with an 
increase if acidosis is present. Clinical signs of 

hyjXjtalemia (<15-3,0 mHq/l.) can include weakness 

of skeletal and respiratory muscles and intestinal 
smooth muscle ktti of tone. An in hyperkalemia, or- 
diac changes occur M potassium concentration 
changes. Supraventricular and ycntncular arrhythmias 
■iure iikusl commonly ub served in animals. ECG hull- 
mark* of hypokalemia in humans are flattened or 
inverted T WIVH, depressed S-T segment, and the 
appearance of U waves. Prolongation of the (/F inter¬ 
nal and U waves have been reported in dogs hut are not 
i£ C WlillW tly seen as they are in humans. 
Hypokalemia is increatinglv recognized as an impor¬ 
tant clinical pnMfiffl in Oh, especially in assoc ialion 
with chronic renal failure and geriatric animals 

(Phillips and Polzin 199B). Feline hypokileffik 

polymynpalhv syndrome, characterized by generalized 
muscle weakness associated with hypokalemia, lioften 
manifest irt cats as Wftfnflatkn of the head and a stiff, 
stilted gaJt. 

Increased loss associated with the gastrointestinal of 
the urinary system is a common cause of hypokalemia, 
as indicated in Table 25.H. Differential ijig gastrointesti¬ 
nal from urinary causes oi hypokalemia is largely 
nccomphshed by dinlcaJ signs and physical exam, but 
fractional potassium excretion rales- tFF. k ) may ako be 
useful. Fractional potassium excretion can be calcu¬ 
lated using Lhe following formula: 


m E m WJSjKVfJSa) m loo 

whore U indicates the urine concentration of polns&ium 
i K + ) or cmdoilH (CR) r and S indicates the serum coo* 
caAndoo. 

Treatment of hypokatemia is indicated if significant 
potassium loss i-s expected based on history and clini¬ 
cal signs (tfn vomiting, diarrhea, ovcrzeiilous uve of 
diuretics) or if dimed signs of hypokalemia are pres¬ 
ent. Appropriate potassium adminislruLLun is often 
required with prolonged fluid tlhrapy. If feasible, oral 
potassium supplementation is most desirable since this 
i * Che safest route of adminktntcimi. If intravenous 
potassium supplementation is warranted, the amount 
jiduimisleird should be based im clinical status of the 
animal and m&HURd serum potassium values. Oral and 
parenteral pfodncti for ptrtattlum supplementation are 
discussed later in this chapter. Tabic 25-9 provides 
approximate pmaisiuiri deques for treatment of 


TABLE 2 5 JB- ■ C— w of hypokalemia 

hcmiKtf f&m 

Ciasiminfle«unal flFE K < 4-4%) 

PlCfliMCfll vuintlirlg uf MuiIiulIi L'LmiciiEs 

Diarrhea 

* Urinary (FE^ > 4-4%)' 

Chrome renal failure in Luts 

[liut inrituLifd hypikiilemu' neptirapiilhy in CUBE 

Renal tubular jutdotii 

JtoHbttKtnt d i uresis 

* Exorut circulating miner aJiKinrliLiciii!: 

H ypcvwfenHCWtki un 

Mmaiy I BY pc fa I U l 1 inn hi i s . I n C-hypcrplasIk: nr rk'iiphuht) 

* Ifltrugcfik' filntg induced i 

lliuruticv fltxifi acting, ihsii/iil?* .wid tHrncKic) 

Antibiolks (penicillin.*. amphotericin H. 

iiminuglyco^idesj 

JhwflkttrtflwB flvm BCFio K~F 

* ASudcnu 

* <h^rjJmnni^tnitiLHn srfipwitin awl glnnMCHHtBUUDf fluid* 

* HypfrihyroidJMifi 

■ llypcilLuIumiL pcrardii; p^i|r;iIV^ 

+ Possible ■_ --:i i| -I _.iritm hhl hy|xidiemii;i 
Prrmwl itnMbr 1 

* Unlikely a.s stife yw 

5«UCU Adupted. InHlh IJitturfnlu. jnd Aiitraji ik: Miihiqv 1W2 

W. T*Mc 4.1 


TABLE 25 Pot a ml u m HippIrnteiitatHHi in 

trutment of h v pukulvmia 


Stnifn p4?iucihiiiii9 

MoeaUalwn (nE^TL) 

Supplement fluids 

(nBqA,)* 

« to 4.5 

m 

3 JO w> 33 

30 

23 to 30 

40 

3J0to2.5 

60 

<2J 

80 


’CJuanUCy of |hiIlli.muiii lu udd |xrr liter nl‘ fluid, fki rwC 

es«cd jHhni-ni^lrjIann ntE of 03 mbq K'/kg 4 lf s 


hypokalemia in smalJ animals. Alternatively; a rule of 
thumb may he applied in which 20 n-iEq/l. of potassium 
is supplemented with careful monitoring afehugn in 
IvLtli in potaiMum. An important aiimonilioti in Lhe 
-adminKLration of intravenous potassium is not to 
exceed u race of 0.5 luEiji'k.g/hr. Parenteral potassium 
administration should alwyyv he noonhored to erasure 
that rate of potassium addition does nert exceed rate of 
potassium movement into cells. 


PRINCIPLES OF ACID-BASE METABOLISM 

Homeostasis. Blond pH is highly regulated and is nor¬ 
mally maintained between 7.5b and 7.J2; Pulmonary 
and renal functions are necessary for precise regulation 
of pH of all body fluids, blood, ajul flttrtvttcuk 1 lis- 
sub. An acid is defined by fironsled and Lowry as a 
VubAlun lhai can supply H 1 (pntdtu), and a base is 
Llcfined -os a stihsiqnce that can accept H% In aqueous 
solutions. H™ are hydraLed; therefore, H.O r is eonsid- 
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utl'lI nil at:id Lind is implied by the symbol IT. Blood pH 
is lhe negative logarithm of the hydrogen ion concent 
[ration. Although hydrogen ion ctfneeniniiLion codnoi be 
measured directly, hydrogen ion activity is measured 
chemically using a pH electrode. ]n body fluids, the 
difference between activity of hydrogen ions and con¬ 
centration of hydrogen ions is negligi ble; hence hydro¬ 
gen ion ctflcentntion and pH are commonly referred to 
in acid-hase discussions. The hydrogen ion camrenLra- 
tion of blood at pH 7.4 is 44} nmdWL (iwaoeqiirvalents 
per L) and is there Ion." approximately a million-fold 

lower ihum the blood concentration sit' electrolyte* such 
as sodium and potassium, Appropriate hydrogen icm 
concentration is critical! in order to maintain body pro 
veins in configurations required for enzymatic and 
sinneiitml function. Ail increase in hydrogen ion con¬ 
centration with a decrease in blood pH is termed 
acidemia and can he caused hy pathophysiologic 
pnx^asw- that cause accumulation of acids m Lhe body. 
As the concentration of hydrogen ions decreases, and 
bliwid pH increases, alkilnnia occurs and can he asso¬ 
ciated with pathophysiologic processes that cause 
accumulation of alkali in the body The disordered 
processes leading to acidemia and alLalemia arc termed 
acidosis and alkalosis, respectively. 

fin a daily basis-, an excess of add (TO-10D mfcql is 
generated in the NxJy up- a result of dielury Intake and 
inGennedlNiry metabolism Catabolism of carbohydrate, 
fat. and protein Kcount for mm of this as a result of 
OdLidation off sMlfur-cofitaining amino acids to sulfuric 
acid; oxidation of phosphoproteins to phosphoric acid: 
incomplete oxidation of fats and carbohydrates Go 
organic acid; production of luclate/lactic acid dunng 
anaerobic glycolysis:, and conversion of cartam dioxide 
ami water produced in the tricarboxylic LKidJ cycle Id 
carbonic add. Butlers throughout the body minimize 
changes i n bkxid pH assoc iated with alterations of acid- 
base balance. The most effective physiological bullets 
have pK values between 6-1 and 14, with buJlenng 
capacity being maximal within one pH unit of the pK„ 
lrri|xir1aiiI extnicelIular buffers include bicarhimate. 
iftOfgi'uiie phosphates. and plasma proteins, 

Most extracellular buffering occurs as a result of the 

blear honalc-cajhonic acid buffer pair (pK =6.1). Equi¬ 
librium of this buffer pair is indicated! below: 


CO, + HjO H 2 CO, H" + HCO 

The hydration of CO. is a rapid reaction in Hie pres¬ 
ence of the enryntc carbonic unhydra^ tCA.’l. which is 
ftrund primarily in red blood cells -and renal tubular 
cells. The dissociation of any acid, in this case cuffbunic 

acid, can be described utilizing the concept that the 
velocity off o reaction is pfoporiional go the product of 

the eoneentration of the reacEanis. In lhe ea-e of the 
hicarhonate buffer system, the carbonic anhycLrase—cat¬ 
alysed hydration of CO, to lorm H,CtJ, reaches equi¬ 
librium almost instanlaneously, with the number of dis- 
solvedl CO, molecules far exceeding the number of 
car bon it: acid molecules. By defining dissociation con¬ 
stants aid reajtajlgirlg* the useful HeilderM.ui -I I a>M I - 


hakh form off die dissodulJoii equilibrium equation can 

be derived: 

pH = pK + log [HJCO/JiTH^COJ 

(lasenus C!(J , produced in the tissues, primarily via 

ihe tricarboxylic acid cycle, is soluble in water; lhe 
Concentration of dissolved! CO. in body Hinds can be 
related |d the partial pressure of CO. in the gas plia-^e, 
PCO., by the fallowing expression: 

[dissolved CO, | = 0,03 x FCO, 

Hence lhe clinically UmTuI form of this equation far ihe 
biearbonate-earhnnac acid] buffer system becomes 

pH = 6.1 + log | HCO ] A0-03 x PCD,} 

Tire bicadhnnate-earfronie acid system, is Lhe must 
physiologically important extracellular buffer system 
because it is present in relatively high cDncentniliotis in 
the Wood and because il can effectively buffer by rapid 
regulation of PCO. through alveolar ventilation. As 
carbonic atid is formed from the buffering of excess IT 
by HCO,»this drives the dissociation equation of car¬ 
bonic acid to the left, causing an increase in PCO... An 
increase in ventilation enhances ft), excretion anti 
lowers ihe PCO r 

Intracellular buffers also conLnbule Id maintenance 
of body pH. l he primary intnodlular buflers UC pro 
tcins. organic -and inorganic phosphates, and. in lhe red 
ceil, hemoglobin Hemoglobin is an especially impor- 
uuvt buffer for carbonic acid since the primary' ttlracd- 
Inlur buffer, the WcarboniSe system, caimoi buffer this 

.acid, Rone also acts as a tissue-based buffer by 
exchanging surface Na* and K r for IT under condiEions 
of acid load Additionally, dissolution of Nine mineral 

results in release of buffer compounds into the EtZF. 

ReguLation uf ilydrugi-n Inn, Curium Dioxide., and 
Biciirhunate. Pulmonary and renal control of dis¬ 
solved CO. and Ncartonalc concern rations, respec¬ 
tively: is responsible for iraifitcfiance of body pH, l he 
"Lair of Lhe Hendcnon -Hassclbalch equation for the 
bicarbonate system ti e., HCO. /dissolved CO,} pro- 
viib a simplistic bui um'IuJ means to cuns-idtr pul¬ 
monary am] renal adjtislniertls. during simple atid-bsse 
disturhuiices. Under norma] pliysiologtcal conditions, 
the ratio of l!CO t “ to dissolved] CO, is 20: li. This ratio 
van be disturbed by addition or loss of CO. or bicar¬ 
bonate id the sysLtnii. Table 25.10 depicts changi^s in 
ihe tail of the hicarbriria[e--cajhK?nic acid di.-ssocialinn 
equation rhut might occur during simple acid-base dis- 
Eurhances. The respiramfy component of aci d-base reg¬ 
ulation (the dentsmlnator of ifie tail, or dissolved CO,} 
involves changes in respiratory rate and volume 
prompted by change^ in /CO,. IftkklJod of iIkm 1 
processes requires- only ini nutes. 

The renal component off add-hi^ regulalion (the 
numerator of life tail, or HCO'I SpoIi^ selective 
abMcption of bicarbonale and Kcrallon of H fc . During 
periods of addcisiv, relatively more H* lire secreted, 
while relatively more K", Na% and HCO, are reLaiived. 
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TABLE 2S, life— TAumpIt 1 ; of i.h-im^is in I'll© “tail” of thu II * nderaMW || E bn I c h i/ijiJihiiiKi niL-urriny 

during simple aflcMM^f 


Res pirn lory addcsl* i 1 CO, i.-Ji ifei ipi-^4 n m ■ as»ekted vniiSt imuiJ^uuLl' vfcntllsaiiun: 


20 HCO.' 

1 COj 

+ 2 a > 2 

2<i J im, 

3 CO] 

+ 40 HCO,- -?> 

m hcOj." 

■ J COi 

efll 

m 

i 

i Norman 

(i Vcmilaiiuni 

t U jieum|h:ii*uiL'd i 

4 kuna] jmiducLiun l 

tf‘umpunsjileiE) 


Bwpirwrnry plkalnp^{t CD. 

L-Jimiiuiiinm iLv.ui’Sulrii vfcltSi by(«■ mnlllalion t 



2*> HCO, 

-r 0 S HI- 

20 HC*V 

- 10 HCO}" -+ 

10HCO,- 

20 

3 COj 

■1 

0.3 COj 

0.5 CO 

i 

i Nonkfet E 

(T Vdfihiki) 

(L'nL'ompensaKd^ 

1 Renj3 evcwLiuii) 

(CijiiipcttsalE^j 


HtUbofc Jridiwh (Ueutpuatl dcflritE wnwiated with dilaiTltea: 



3U HODi 

3 COi 

10 MO V 

IQ HCO { 
l COa 

- (1.5 COi -+ 

IU HC(J 

= 

w 

i 
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(lX4l in IfCct) 
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»■ _ ■ p_ 

(CfflTriiiril) 



Vinici liilum l 


Ml'IjIhiIh- jiikiihisi^ ihkartmfwMr rxc™ I ass>«i&1ed withairaiiaistcMicifi of ,ilk;<li: 


m Ha>, 

+ 30 HCOj - 

40 HCOr 

l COj -§ 

40 HCOh," 

m 

1 CO! 

'll COi 

I COi 

8 

iNi-nmall- 

lAlkalb) 

Nflminiilnln} 

i. L 5nu§.im|h. i insata J) 

1 Kliminalsil hy 1- 
^CflCiluiiiWlI 

i ("’(wnprn.cUi.'Lli' 



During alkalosis. K ! k Hovtod, while relatively mnre 
H r and less Mr ;md HCO,- are retained. This p^ess 
requires hours lo days to produce an effect. The kidney 
regulates Lfcrid-hus© balance by muinUdning the apprcv- 
priate HOD" in the plasma. The kidney accomplishes 
this by reclaiming virtually all tillered HCO s and 
excreting an amminl of acid that equals die amount of 

ingested or endogenously generated nonvolatile acid. 
In the proximal luhule of the kidney, cytoplasmic car¬ 
bonic anhydru.se catalyzes the formation of H" and 
bicarbonate from cellular car turn dioxide and waLcr, 
controlling (he rale of hydrogen secretion and bicar- 
bonale rrabscrrplion. In the luminal membrane, car¬ 
bonic anhydrasc convert! carbonic acid Co carbon diox- 
kte and waiter, increasing neL bicsirMniine f Mtu oqXtoa 
23J, panel Akin the distal nephron, intercalated 
cells specialized for hydrogen secretion conLain large 
quantities of carbonic anhydrase. again yielding hydro¬ 
gen and WwbooUc. [n (Mi secreted H J icm to 

disrate buffers in die urine (phosphate buffering is 

sdinwn in Fig. 25.5* panel BE <u»d tower orinify pH. As 

liiraiahlc aeidiiy of ihe urine reaches- a maximum, 
another adaptation, increased ammonia iNHJ produc¬ 
tion hy nibulur cells, contribute to excretion of acid 
loads. Fig. 25.5, panel t\ show's production of freely 
diffusaMe NH, from glutamine moving Into the tubular 
lumen, where is combines with HP to form ammonium 
iNH "k Ammonium, in turn, combines with chloride 
for excretion as ammonium chloride. White this- is an 
oversimplification of the physiological cventa. it is 
acceptable So consider ammonium chloride as a flexi¬ 
ble mechanism For H" seLTClnm based on the ability of 
She kidney So generate ammonia. 


Assessment uf Arab Base Disturbances. Disorders of 

acWhbase equilibrium can resuli from ;l primary distur¬ 
bance in pulmonary regulation of the coocntnlkn of 
II.CO, in body fluids via changes m alveolar ventila¬ 
tion mi 4 PC O, levdt, from netabolk changes in con¬ 
centration id bicarbonate, csr from it cumhiiialion l>( 
Silent mechanisms. 

The partial pressure of CO. {PCOJ is gcmmilly 
ac cepte d U she best ntemre (rf respi rating UiMur- 

bsndtt, Awettment of jPCO, depend* upon milability 

of a blood gw analyser and proper arterial sample ad- 
lection. A blood gas analysis provide* three measured 
panmeten (pH, PCO r PO : ) and typically two calcu¬ 
lated values juciuul hiearhiwiale and ha sc ckdqh). 
Acidemia and alkulcmia (using pH), cucapniu, hyper¬ 
capnia or hypocupnia (using ,PDO-L and hypoxemia 
tuning jPO, if the sample is arterial e may he dried I y 
assessed. in-house blood gas and elceirnlyte amih. zers 
have become much more common in practice, making 
assessment of these pitnirneters practical and economi¬ 
cal. kesulls obtained with one hand-held analyser 
appropriate for in-house testing wen; similar So tbott 
obtained fnnn a standard chemistry analyzer wMl ihe 
exception of sodium cmccotnikn in culoe samples 
mid hematocrit in equine samples (Looney el al, I WHl 

Actual hkariHHUte values are useful in aaKument 
of nuurespiraiory dteofders P Mil these i aloes will vary 
with GflqpeaHlory changes in alveolar vcntiluiioti and 

PC O v Bicarbonalc values are derived using the Hen¬ 
derson-Hasselbakh equation and measured valuer- fur 
pH and jFCC),. PliLsma bicarbiinaCe values may also be 
estimated hy measurement of total CO,. Jolal CO, 
combines measurement of Kith (he numcrulor and (he 
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Pto, US—foul nwctiWikfttt for ft* WfOtkA. See (axe foe 

u*-» l pIinjfcI□ i in i tI' nr;i l: h punifl. 


dflumiiutor of the tail of die HeodetfDOrHwdbalch 

equation fjJHCO. |V|H.CO s |Q hy convening both H> 

measurable OO v Total (XX, and plasma bicarbonate arc 

used iflterdua|ubly m Tepisrring plasma bicarbonate 

conceit Lraiionv even though total CO, is actually 

plasma bicarbonate plus 1.1-0 ml-iq of H,00 r A> 

compared ip actual ptwnp hicartxm Jie. siandard btcar- 
hnntfc is. defined m the cpnpcntralwn of bicarbonate 
after fully oxygenated vrtnlc blood hu been equili¬ 
brated with CO. at a FCO, of 40 mm f ig at M C; illis ' 
measurement eliminates the influence of Kjptntkon on 
plasma HCO/. I 

Standard base excess (BE) is Lhe corKcnUaLion of 
til ratable hiM of F.CT; IhLs value may he calculated j 
using it Siggaiud-Anderwn alignment nomogram that 

UUeflrchlH BE ;ind Lutal CO, iind HCO," when pH ;wd 
mi. arc measured Became this calculation is based 
on a constuM oxygen saturation, error may he intro¬ 
duced h> inriurion of air bubbles in a poorly handled 
h]<H)d sample. Jn veterinary medicine, error may also 
be inherent because lhe nomogram is based on human 
blood and excludes the effects of plasma protein and 
electrolytes on arid-bare equilibrium. BE: is uselul 
because it accounts for Lhe effects of CO, on carbonic 


add equilibrium and identifies iHHirespiraJQfy causes 
of arid-tare derungemenL Base defidt its defined as ibe 
negative of base excess (Bailey and PiMo 1998V 


Anion G-up. Further analysis* beyond pH, PCO r 
HC0 3 “, and BE* may K: useful in assttsmenfi of complex 

an id-base disturbances. The uiiinn gap i AG) ts defined as 

the difference between the quantity of uumcawurpd 
cations (UCt) and unmeasured ininu {13As) in the 
blood. Major UM Indude phosphite*, sulfates, and 
organic aciife lactate, citrate, ketones), with chk> 
ride and hiearhonale being the measured anidrtt. Major 
UCs isicluilc calcium and magnesian* with smlium and 
potassium being: ihe measured cations. Calculation of 
the Ati according to Lhe following equations reflects (he 
Law of (.■JecironeuLrjthy* aceunJing to w h icb total ciitinns 
must equal (trial anions (DiBartola I992d). 


[Ns*] + | EC] + [UC] = [Cl ] + | HCO "14 [UAJ 
Anion trap ■ UC - UA =((Na + ] + [i£ # ]} 

- act] + IHOO, t) 


The normal AG vsiet With ihetpedH bul isappfOKi- 
nutety 1.1—25 mtq/L in dogv arid cats, ACS is most; 
ollen uM.'d ip identify causes of metabolic acidosis. In 
organic atidoRtv HGQj" buffers hydropen to™ that are 
generated from dissociation of organic acid (e.g., tank 
acid), In theory, Lhe measured [HCO “] should decrease 
as the concentration of the UA (the organic acid) 
inciwcL As long as [Cl - ] remains unchanged (nor- 
innchlnremii: mclabolic acidosis), the gap u ill increase 
(zoportnutcl^ mill lhe increase in acid. Several fac¬ 
tors that may confound this simple relationship include 
the following: (1) other buffers hnito HCO alto 
leqmd tii the Influx ©f organic add; (2) the volume of 
distribution of HOO s " may be different from that qf the 
acid;and (3) (he patient's AG baseline (prior toihe pre¬ 
senting tfJness) is often not known. Hence the Ati as 
useful hut DU* fully predictable. 

Increased AG often occurs in lactic acMosls, diabetic 
tetoacidwi^ BZUtmric renal failure idue to increased 
phosphates and suKSues), and poisoning (elhylene gl 
col, ’KilieylaLe). A recent study (Constable arid Morin 

1997) demonstrjied 4i useful conehMioa between AG 

■ 


ind serum creatinine conceilntian Jn calves 



experimentally induced JiairriK^t and adUt cattle w 
abomasal volvulus. Although the AG w;i\ not u useful 
predictor of sill aDlon-assodaled clHugec (eg., no cw- 

ndation was found hetween A(3 jivd blood tactile lev- 


elsk Lhe AG could alert clinicians to die potential pres¬ 
ence of uremic acidosis. 

A normal AG usually occurs i n metabolic ackkuis 
related to diiiulicM^ renal tububr acidosis kwmivc use 

l> 1' c^irhiMiic anhydriLxc inhihinns, or jmmonium chlo¬ 
ride ndminisLraiiiHi and in ijtrogcnic cxpa.nsi>.m aeddo- 
sis caused hy nwrive iu^rmu.1 saline adminisirLiiion. 
The two moot common causes of 4j decreased AG me 
hypiialbuminemia or dilution of plasma proteins 
caused by mfuMon of crystalloid solutions. Jn both 

cares Lhe gap decreases as a result of a detTeuM'd cun- 

ccntvition of set Degadve chaign associated with 
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plasma proteins, Each 1.0 gML decrease in albumin is 

associated with ah approximately 2 4 mE4|/L dkKftttt 

in Ihe AG ■mahow ]9R5j r 

Snatraditinnal (Stewart 1 *) Acid-Bue Analyst. An 

wtvntSPdvn| of the traditional mierrelatloiishlps 
between tl + „ CD,. ami HCO,“ is adequate lo explain 
the behavior of iqumi solution*: hwwr t it doc* 
not Hcnol for the effect! of plasma protein* and- 
electrolytes, particularly sodium and chloride, on 
acid-base slalus in biological systems-, Stewart 
described u new approach lo underslandung acid-hasc 
phy%ki]c9gy hared on three fundamental concepts of 

electrolyte chemistry (Stewart 197S e 1983). Fir*L. 
ekecironeulrality must always be maintained- lienee, 
as with the concept of (he AG. the sum of all positive 
charges mu*1 equal the sum of all negative charge*. 
Second, mass must be conserved even though ii may 
change in form within a solution. Finally, Ehe dissoci¬ 
ation or ionization -u-f a substance in water is deter¬ 
mined by its disreciaiion constant. Weak eLcelrolyics 
relevant lo acid-base physiology include proteins., 
water, and CO., in contrast, sodium and chloride arc 
considered strong electrolytes because Ihey are tutly 
dissociated in w-aier. Evaluation of add-have stilus 
using the Stewart approach requires assessment of 
independent, or primary, variables; dependent, or 
unknown, variable*; and dissociation constants of all 
variables. Value* of independent variable* are con¬ 
trolled externa]ly and cannot he changed by processes 
occurring within the solution. Independent variables 

dicraEc the acid-base slaius of a solution. 

The independent variables controlling acid-base sta¬ 
tus in biological solutions arc strong inn difference 

(SID}. PCX),, and tots] weak add concentration (A^ j. 
The Flrsii variable, SID, is the sum of the sarong cal inn 
concentrations minus the sum of the suting anion eon- 
cerul ration*: 

SID - ([Na J ] + [K + D - ([CM + [tacttlff | 4 [kcioacidlJ 

Unless lacLtc acidosis or ketoacidosis is suspected in 
a given CMC, Ihese terms may be eliminated from the 

equation *incc their values would he quite small. Like¬ 
wise, | K‘ ] is often dropped from the equation since it 

contribute* a relatively small number to the total 

cation population, If PTO, and A nn remain constant, 
increases in 3 ID suggest mm respiratory alkalosis and 
decreases suggest nonrespimlory acidosis. Mean nor¬ 
mal StD values are derived by each laboratory bused 
on Ihcir reference population, and these values vary 
across species. The second independent variable, 
PTO „ i s an i ndiealion of 1 he amount of 00- dlssol ved 
in plasmu. A* in traditional acid-ba.re tlmmy, an 
increase in jPOO, shifts [he dfauodldn equation fur 
carbonic acid to the right, increasing tin; |H"| and- mak¬ 
ing the solution more acidic* The final independent 
nrUHe, lA nj| |p is KCOtUMfid for hy plasma pnoteins 
(93%k primarily albumin, and inorganic phosphates 
(5 r 4} B A lin ha* been calculated for horses (Constable 
1W7) using lhe formula 


[A^] (mEq/L) * 2.25 |ulbumin| (fftfL-) 

4 1.4 | globulin] (g/dL| 4 0.5*) IpbosphateJ (mg/dl.) 

These Ihnce independent variable* influence seven! 
dependent, or unknown, variables. Dependent variables 
arc affected by processes occurring within ihe snlutinn 
and do nut change unless independent variables 
change. Values for dcpendenl variables are thus the 
result, nut [he cause, of events in solution. Dependent 
vuriaWes include |H + |, [HCO } "] ? carbonate ion concen¬ 
tration (|COy* |)j, |OH J, concentration of dissociated 
weak acids (j A"|), and concentration of nondissociated 
weak acids (1 AllIk Values of dependent variable* are 
nut affected by Che values of other dependent variables. 
Beaune ihe values for ICO, 7 | and [OH‘ 1 are so small, 

they are not measured or evaluated in a clinical setting. 
The variables for dissuciuled and uundissuciaCed weak 
acid* reflect ilk- dynamic relationship between acid- 
base balance and protein ionization. The ability of pro¬ 
teins lo function as enzymes, cell membrane pumps, 
ion channels, receptors, etc., depends upon their slate 
of ionization, and this is dire-city affected hy changes in 
independent variables (FLO,, SID, and. A prr ). Like¬ 
wise, ihe ratio of ionized to unionized calcium depends 
upon protein binding, which changes with alterations 
of A JiYT and pH. 

Independent variables are conlrolled via respiration 
(fOOj and renal function (.SIDj. As in traditional acid- 
hare theory, rate and depth of respiration eonim-l reten- 
lion or elimination of CO,, which may lead lo respira¬ 
tory kuIonb orfllblHis, respectively, Control of SID 
is primarily accomplished hy the kidney with a smaller 
contribution from the gastrointestinal tract. Changes in 
SID via Ihc kidney* are achieved much more slowly 

ihim respomoiy changes and Are on the order of hours 

to days. The kidney regulates SID hy differencial reah- 

snrption of Na* and Cl r Since tW mbswpttOA i* 

strongly related to renal regulation of ECF volume, net 
Cl stCRtkn relative to net Na J excrelion is che pri¬ 
mary mechani-sm far renal regulation of acid-base bal¬ 
ance. Control of FCO, and SID is the primary delermi- 

iuuiL of aod h?Kc balance fwcaure llwiv is no vvidgnu." 

that the body alters ihc third independent variable, pro- 
tern concenlratJon | A T . n .]. in order Co regulate acid-base 
bdllKtr 

In summary, Ihe most important premire ofStewart's 
approach i* that concentrations of HCO,~ and H* are 
dqpcifedeni on concentrations of primury. or independ¬ 
ent, viiriubles. notably CO.„ Nil*,, and Cl . The complex 
equations derived by SttWI address Ihc changes 

induced by independent variables ^ud quotitate Citeh 

potential influence by reiving for Lhe dependent vari¬ 
able*. Much simplified versions of Stewan's formula 

havv been Adopted on 2 limiipd basis by clinician* who 
value StewarTs theories and believe LhaL they provide a 
more complete picture of acl-d-hase dcrangcmcTitH. 
Tabic 25.11 summarizes the equations being applied 
for nonlmditional analysis of nonrespiratory acid-base 
statu* (Russell el -al. I996>. In brief. iDCffiUH iit SID 
•sugg^M nonfespiralory alkalosis, whereas dee-reares 
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TABLE 25.11—Formula tor quantiliitive jinulpgis of win respiratory wid.ln!i« status 

] Eistimiition <*f |Sf[J3- I All f.pnjxscl as ml-:^l..;i 


l rl 


SID sippms. 

|C\._J = [CI >: 

JL. Alterations in BLid-hfiFf baJamic 


J 


f[Ni + 


Ta Jl IWlJ 




A Change* in ndd-bn^ baluiKY dw 10 w^*k iddf 


A alltHimiin (inEq/Li b 3.7 X (\w]b 

A ptiLisphLirus: 

(pho*. 11 m^ilL ii =■ | plfcKi 


t-txi 


I mg/dL > - |d ll> rJKi|i | finy/dL i i 


tmmmu. 


J (ragiWL) - Ipln-Hi | (mg/dL E 


ptos^ {wf/dLb X 0.3229 ■ pt» iromnl/l.i 
effective ptio* (mEq/L) = LS k pdios (nuubL) 

EL dimi^es in acid hue balance <hitf to aSlcrraLmns in fSIDi, I All vuluux fxpnfSMid in mE'j:|/l..|i 


A free wafer ■ aflNa" 1 - [Ma‘ 




where z= |SXD1/ |Nj p 


A chloride »|CI 


I 


1- 


[Q- Ii 

1 ^ [HtW 


A uniraiKijrcd gojjm (UA) ■ PF - (A few Wller + A Cl + A phew + A iftmou | 


TABLE 25 J 2 —Cluncterlstkf of primary add-luv rilsturimtce* 
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SuurLu: AdapliM fmm. Kuse 1944, SCKi. 


suggest nonrespinittiry acidosis. Negative values for A 
albumin suggesl hypc-rprnieineniie acidom, whereas 
pwiiive values reflect hypoproreinemie alkalosis Neg* 

aiivc values for A phosphorus suggest hyperptins- 
phatemic acidosis. Negative changes in fnee waicr point 
to dilutions! acidosis, and ptniLivc values surest con¬ 
centration alkalosis. Positive values for A chloride sug¬ 
gest hypochloremic dJuilosis, -und negative values sug¬ 
gest hyperchloremic uadjosis. 

While most clinicians still favor the tradilionul 
approach to evaluation of arid-base balance. mod i fled 
applications of Stewart's ihctsnes broaden this scope 
and lend useful quantitative insights into the comples- 
JdiB of Kfid-fatH desturbiificcN (CoflUlMlS 1944L 

DISORDERS OP ACHMUSt METABOLISM. 

Disorders of acid-base equilibrium can resulL from a 
pfnHiuy diNiu-rhmii^^ ni pulmiPpnry regntid ton of the 

HftKflMkn of C0 jP from metabolic changes in 
strong iou> arid, dependably, bkarimute, or from * 
combination, of these iiKchnni-Mii*. An acid-base distur¬ 
bance is considered simple if it is limited to a primary 
disturbance and an appropriate secondary or compen¬ 
satory response. Primary disturbances and expected 


compensatory mpouet are modeled using ihe mil of 
the Henderson-Hasselbakh equation in Table 25.1 Cl 

and Kimimarired in Table 23.12. Mixed iciMuc dis¬ 
turbances are suspected when ihe compensatory 
response to a primary disorder is not » expected or 
when ihe pH is changing in a direction opposite that 
predicted hy ihe primary disorder. Mixed acid-ba.se dis¬ 
turbances are characterized hy two or more primary 
disturbance* in Lhe same patient. 

MtiaMIt i Nonre^lmtory I Acidosis. Metabolic aci¬ 
dosis may he characterized by a decrease in plasma 
H00,” concentration, decreased pH_ increased conccn- 

Iniluti strung uimtfih- (such ns cIlIuthJc. lactic acid, nr 
ketoacidsk and ikcrc^d pliLMiia sodfllfn coiftceiilfiiJiLHii 

associated with mol disease or diarrhea. Tlw clinical 

signs mcht commonly ASMKUlcd with melaholic acido¬ 
sis IR hyperpneu and CNS depression. Laboratory 
uudyrix of blue*! and urine re^ssils n lowered urine and 
blood pH. decreased serum HCO” (<20 mliq/L). 
decreased |SID1. and u variable serum HX), depending 
upon lhe degree of nrspinitory compensation. Pig. 25.6 
summarizes, lluun^ cal meUiEtiLi^ acidkists iupj pimv^le^ 

f>en<ra| principlfs of (pcaNiwin. MeUboic acitk^is i*. the 
most common acid-hase disorder in dnj.%, cab. aucl 
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FIG U-6—Cdum!?i of nvcLabudic acidosis and Kam i iccjuncm principles. 


burses, and mt% muy be usefully subdivided into ihose 

condition* that ketcnae ihe AO ml time ilun do not 
Lou of NV and HCO,‘ associated frith diarrhea Is 

iht.- moft cmiimun nuu uf normal Arp fhyper- 

chtonmk:) metabolic addons, Intestinal wcrcbow 

replete in Na‘ and HOD ■ may also he vqucstcrcd in 

lower obdnictiw bowel disease and paralytic ileus. 

Hypoadrenocorticism may also present with a nun-gap 
metabolic acidosis, hut these paiienl* usually have 
hypuehlcffrmia as a result rtf impaired water excretion, 
lack nf aldosterone, and poor renal Nunetkm. 

Lactic Acidosis. Production of tactic acid and accu¬ 
mulation cil' Ijictni*. urn nmmund aoinn. decrease ihc 
|SFD]. resulting in a high AG metabolic acidosis. Lac- 
lie unrid ta the fiftil producr rtf anaerobic glycolysis in 
eukaryotic celts and is formed by Ihc action of lactate 
dehydrogenase Cl.DHH.ui pyruvic acid with NADH M 
a cofaclor. 

CH,CQO + NA D1L + H* « CH.CHOHCOO 4 NAD' 
(pyruvate)- LDH (tactile) 

The direction of the LPH reaction depends upon the 
relative intracdlular coiKfllntiots of pyruvate and 
luclate and on Lhe ratio rtf reduced (NADH) IQ QMdired 
fNAD + | nicotinamide adenine dinuelcotide cnlactor. 

■■ l’ 


Newly produced lactic add is partially buffered by 

HtT). resulting ilk rapid gnn40fl of mUm I delate, 

which dissociates to lactate and sodium ions. Under 
aerobic conditions in bIlc liver Lind the kidney. lactaLc is 
converted hack lo pymvale, and pyruvate is mclaho- 
liied through ihc tricarboxylic acid (TCA) cycle to 
yield HOO,'., OO p and M,£J. AlLcnuUively, hepatic 
upliike ni lactate and conversion lo pyruvate cun feed 
flvOUMfual^ a process Lhal also regenerates 

HOO". hi either case, the nei result of aerobic lactate 
■ 

metabolism is production of alkali nixing equivalents in 
the form of BCOj - : 

Conversion via ihc TCA cycle;. 

lactate 4 30, H> HOO" # 2C0 l + 2ILO 

i p i t 

Cfflavrafikiii via gluccmeognotai: 

2 lactate + 2H.G 4 200. -4 2HC0+ glucose 

If the ratio nf NADWNAD* in ihc eel! shifts toward 
acuumulatiLin of NADH ic.g.. in exercising muscle or 
poorly oxygenated tissue^ J. more lactic acid accumu¬ 
lates. decreasing cellular pH, In Ihc Cltt of purly OHJ b 
gcnaled tissues, inabilily lo ti sidi /c NADH VH the res- 
piratoty chain blocks oxidalive plmspburyhitioik and 
production of ATP. ATP depletion in tactic Ktdoiis 
causes leaky ATP-depeiklnt K' channels, leading m 
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hyperpolarized membranes and decreased &** influx, 
via voltage-dependent LV r chmndts. Decreased inLra- 
ccllular Ca" produce sniooih muscle relaxation, 
viLSriitditaUnfi!, and a pcylcnli.il decline in systemic hUM.nl 
pressure Cl-antlrv and Oliver 1991). 

Causes of the two types of lactic acidosis, hypoxic , 
(type A) and nonhypoxic (type U). are listed in Kg. 
25.6. (Only L-lactate is mdaholized by animals: hence 
Ifr dbculihm LhaL follows refers only to L-Laclic aci- i 

dosis and not D-laciic acidosis, a condition described in 
humans and associated with small bowel resea ion or j 
short bowel ayndrome;) Reduced tisiue perfusion and 
hypoxia caused by cardiac amsf/caidiopulmonary 
ncHkucilatkm, shock, hypovolemia. Left veniricular fail¬ 
ure, low cardiac output, and acute pulmonary- edema 
limit oxygen availability and force cells into anaerobic 
glycolysis. As NADH Accumulates, the t .DH reaction 
is pushed Lo the right, resulting in lactic acid accumu¬ 
lation. Success lul management of most of these condi¬ 
tions involves reluming tissue perfusiMI imd uxygena- 
lion to normal, often with the aid of parenteral fluid 

administration. Reversal of dmilaiory failure 
decreases further lactate occuiiii lotion and, if the liver 
is well perfused, will result in conversion of uccutnu- 
l-uted lactate to HOD " 1 

Administration of NaHCO, to animals ^ulfdng 
from lactic acidosis is conlreversiaL Bene Ills cou ld 
include improved tissue perfusion reined to reversal of 
acidemia-induced vasodilalion and an increase in |SIJ>| 
(associated with Na‘ administration). Polcniial risks 
include overshoot metabolic alkalosis caused by Ihc 
Cumulative effect of NaHCD 1 adminislratitin and 
metabollHn of the accumulated lactate into HfCO^. A 

recent study in rate r'Halperin ei al. 19%) concluded 
that NaHCO,; therapy extended ihc period of survival 
during acute, hypoxic l- lactic acidosis.. Hypoxia was 
induced in aKSthetixfiii, paralyzed rats ventilated with 
a lowered (5,5%) oxygen concentrate which was 

sufficient to cause a severe degree of! -lactic acidosis. 
Survival in rats receiving NbHOOj" whs clow* to 
twofold longer Lhan in rats receiving no sj;>diuin bicar¬ 
bonate nr NoCI onlv. The rate of NaHCO / Infusion 

* i J 

was titrated to equal the rate of L-lactic acid appearance 
in the ECF of OHttml hypoxic rats. Pari of the benefit 
of alkali treatment was- hypothesized to be increased 
anaerahic glycolysis, causing enhanced ATP and l.-lac- 
tic odd production and n decreased oxygen consump¬ 
tion. Despite continued accumukit ion of L-klk odd 

mad ;l diZL-re:us4." in cardiai: mil pul that WVB greater lhan 

in control rats, availability of ATP for vital organs was 
considered critical to prolonged survival in alkali" 
treated animals. While results using this controlled 
model arc not directly clinically applicable, they sug¬ 
gest that continued consideration ol She advantages and 
disadvantages of alkali supplemenialatxn in L-lactic aci¬ 
dosis may be merited. Many clinicians faVor a conser¬ 
vative therapeutic approach ill which small amounts of 
NaHCO" are administered h> keep the arterial pH 
above 7.1—7.2 And lo avoid pmgfe*siiw decline in car¬ 
diovascular function (Rose IW4). In the absence of 


severely devoted concentrations of lactate, and in the 
presence of u weD-perfufled liver, Lhe use of Lactau?- 

eontaimng alkahnizmg solutions is effective for vol¬ 
ume restoration. Alternatives lo lactate-ccmtainmg 
solutions include NaHCO t % sodiuiti gluconate, sodium 
acetate, and an equimolar mixture of sodium Carbonate 

and ADdium fokorbonote. The latter product, referred go 

m "'CartricutT (Cohen IW5), has been promoted as a 

method of preventing (he increased CO, production 
and paradoxical intracellular acidosis ihai has been 
reported as a complication of NaHCO, Irealment. 11 has 
been found, using a canine model of severe hemor¬ 
rhagic shock, lhal Carhicarb, NaHCO,, and hypertonic 

saline all possess similar abilities to improve hemody¬ 
namics, despite the buffering properties of NaHCO., 
and CaibieoitK However, correction of arterial pH did 
HOC appear to inapffDW the responses In blood retransfu- 

skm in this model (Benjamin et al. 1994). 


KrttmlCiixsis and Other Caused, Meudwllc aci¬ 
dosis A&fcoeiated with ketonemLa anti betonutia occurs 

when lhe raie of formation of ketone bodies is greater 
than the rate of their use. This, nccurs most often in two 
conditions,, diabetes mdHilus and starvation- Excess, 
■cetyl eoenzyme A (CoA) derived from fatty acid or 
pyruvate oxidation is diverted, primarily in the Liver, to 
production of ketone bodies (acctoacetaie. beta- 
hydroxy butyrate. scetonek Ketones cam be transported, 
in Lhe blood and utilized as an energy source by periph¬ 
eral tissues. In diabcLes the Lack of insulin increase* 
lipolyvis. and an excess of glucagon indirectly 
increases fatty acyl CuA entry Lrtto hepatic mitochon¬ 
dria for cnnvcrsior'i to ketones. An elevation of ketnnes- 


in the blood results In acidemia became the carboxyl 
group of the ketone body has a pK j of about 4, At phys¬ 
iological pH the ketoaeid is fully dissociated, lo&jsig a 
proton (34“), which kmn blood pH, Addition of a UA, 
the ketoaeid, decreases the |S1D| driving am acidosis, 
Ketoacidosis is often complicated by dehydration asso¬ 


ciated with osmotic (glucose-driven$ diuresis. The use 
of alkali to treat diabetic ketoacidosis, is connovcraLuJ 


andl iuH generally reetimmcnded. Rehydratinn I usually 
with normal saline) isnd adrninislralion of insulin is the 
treatment of choice since dreulaLing ketoaeids will 


subsequpently be meLabtdazcd to HCO," aiwJ move 
plasma pH tow ard normal. 

Renal failure typically produces a noruu.iehltireiiire,. 
high-AG metahidig acidosis due to ocaunulatiofi of 

phnspliau^, KulfoteK and other organic anions, altered 


handling of chloride, and an inability to excrete ihc 
daily dietary acid load, huhanccd generaiion of ammo¬ 
nia by lhe renal tubular cells allows the kidney to 


respond, up to a point, lo the chninic retention of fixed 


id J. Us* ut alkali to treat rnetahi^lic ucidcwi^ BAMJci- 
ated with renal failure is controversial. Ttirw reasons 


cited in Sllppofl Of treatment are Lhal Creatmenl (l> 
spares depletion Of bone serving as a H" buffer. (2) pru- 
venb the potentiaJly catatodie effects of acidosis on 
muiicje protein, and (3) litfilts eomplettieid -mediated 
tubulointerstitial damage that may occur in concert 








522 / tactful t JHUQf AlVWUm IBNaI KWHW AMD lUlMLBCIKliVIB UUNCB 


with increased ammnniagenesis. Oral administration of 
NaHCO, {(0, 5- 1.0 mBq/kg/day) uilh the goal of insii n- 
taimng plasma HCO, nl 15 mEq/L may he effective if 

chi± axssieiaied sL’Hiium load doct wrt onccwig* fluid 
retention. 

Mclibolic (Nunmtpiralory) AI kaJosis. Metabul it" 
alkalosis is characterised by an excess of HCtJ^” 
caused by a dclkil of H r in the liC?F. This stale may he 
crafted hy excessive vomiting (especially from gas- 
fcminlesliiia] obstruction ) p excessive alkaline therapy nr 

u«e rif diuretic* ihur can estate iitffogenk nHtihdk 

alkalosis, or excessive loss of potassium caused by 
hypcradrenocorticism of administration of large quan¬ 
tities of K’-free solutions. ClinkruJ sigpis of nKtihulk 
alkalosis are depressed breathing (slow and shallow), 
nervous excitement, including tetany. and even cunvul- 

sums mu J mwciflg hypeitootdty. Respirwory conpn- 
siitkm is noft \n\ effisedw ;l% retpindofy compensation, 
for itielahulic acidosis. 

Values fur varum dfiC&dytB usually reveal devmed 
[HCOj], lowered |0] fi and variable [Na*l, Then; il 
usually a knv renun IK*1 in this condition. A relation- 
ship exists, between K ¥ loss and melabulic alkalosis in 
that ejkih can result in the raher (positive feedback). In 
ruminants the umHoa is much more complex, and 
unlike in rail journals. metabolic alkalosis is much 
more common. Cn-i|w tioa for metabolic alkalosis 
requires the kidneys In excrete HCQl" and retain H*\ 
Therapy tor metabolic alkakw-is involves treatment of 
the underlying cbmH and, junem iaJly use of acidify¬ 
ing solutions, such as NaCl («,*»;£ NH a CI (1.9*) 
(NH, # is conjugated to urea in the liver, which frets H 1 
and Q"), and Ringer's solution, which supplies Na r . 

k* or. and a-. 

Respiratory Aeidu^iv Respiratory acidosis (Tabic 
25.0) involves relent ion of CO, as a consequence of 
alveolar hypoventilation. The full in pH is predictable 
from the HendersDrL-HaxseLbakh equation. Impaired 
respiration can he caused by pneumonia, pulmonary 
edema, emphysema, pneumothorax, respiratory muscle 
paralysis, morphine, barbiturate, or anesthetic poivon- 
mg. airway occIusiwl, or. most commonly, hypo-verm* 
latiun during positive prepare ventilation (iatrogenic). 
Clinical sighs include respiratory distress and CNS 
depression with pngream duornuboti weakness, 
and finally mna (CO. UKOBift). Cyanosis is often 
presenG in ihc advanced stages. Laboratory analysis of 
blond and urine will show a decreased urine pH. 
decreased blood pH, increased serum HCO.' (from ri*.* 
sue buffers and renal retburptiM of HCO/J. and a 
decrease in serum CL became of renal excretion. 
Hyporadlfllfon result* in CO., retention, an excess of 
H 2 CO l5 and thereby mi excess of The compensatory 
mechanism is for she kidneys Co conserve HCO,” and 
excrete H". The rnovl inpoftint treatmt for this con¬ 
dition is proper VCOtiblkH of the animal. Use of alka- 
litkizing solutions may aid in cases of lung disease 
when ventilation alone will not correct the cofidulosL. 


TABLE 25.1A—-Causes of respiratory acidosis 

# lruHlc4|U3lL r PHClHftkAl vcrtlilaljuii 

B Airway ufaicruetinii 

■ Rd-xpitraloey cunUsr Jepnfta&i'n 

Neurologic disease 

Hhuj!* (e.g., anevihttit" iftfll* , uTCOtk^ tfdKM) 

■ CanflopulBiHiry arrest 
B Ncuroannlv defect* 

MyuKltiL'ma gratis 

Tetanus 

Boudkin 

E'Oly rad iL'ukwitrurihh 

Polymyositis 
Tn'k pwalyKi-4 

Hypduknk paiodk paralysis in Buuk ob 

Hypokaknik rvyopalhy in ott 

Lhru^s it.p.. ucchrylcUiJH, iMifeeuh^iuiin. 

AmirKtgEyo(Hiib4jc B k. with amcUlieliLN w myjrw^himptults l 

a Rfikicdn dmota 

Piaphrogmalii.- hernia 
PtounottiMu 

PkeuT:il elhisum 

Htreivv 

Che>l wall traunu 

Pulmnnzuy fehnAbs. 

F*yirthuriix 

Otykribovn 

* ItiLinoiuuy ditea^e 

Ropiranvy disues^ ^yndroini. 1 

P t uu m ria 

Severe pubooury edema 

HilSuKi! nruflLUlahL* diKuuw 

Smoke inhalation 
Pulmonary thfn5fmh«K"mln>liun 
{Timme i ib. 1 * true live puLmniury ULwav 

Pulnwnary ffanit 

Snnrer: Aikplcd hurt nilijnciLi 1992*> 26 1 ?, TsiJhlc 1(15, 

Whenever piissible, therapy should he directed al 
retDOVfel of ihc eausacivc faeior. 

RL-s.piru.trH H ALkaltod*. Causes of respiratory alkahi- 
m are indieaied in TahLe 25. N. The most Lonunun 
cause of Ihis disease in animals is ovcrucrivc positive 
pressure venlilalion during anesthesia (iatrogenic). 
Other causes include fever, stimulation of respiratory 
centers by encephoJilis, salicylate intoxication, a defi¬ 
ciency oF O. (hypoxia), heat prustrution. hysteria, or 
oond W ntB cau^i ng cfanxbc hyporvencilaLioin (acwm 
blowing li|T rf COj), Cbnial signs include hyperpnea 
(with or wiihftui pamin^), hyperactive tendon reflexes. 

and. CMS Btunulaiion wiih w without ooovvlNfflu.1 .ab- 

onitOtfy -icftfLlysis Email increased urine pH, increased 
bind pH, and decreased scrum HCO,“, Serum Q it 
usually normal to slightly increased, and piitlHigeneN-i^ 
of ihe conditim reluLtrs to Mowing «ff of 

CO,. Ctunpcoadlon occm by renal excretion of 
HCDjTiftd relent ion of H‘ B Treatment for this ennditinn 
should involve correcting the hypervcnLiladon. when 
feasible, and use L>f the same acidifying soLuEicms u>cd 
fur melabolk llkalo^tf. Underlyufl eciologic k^t) 
must te eliminaied- 

Mixcd Ac id-base Dbtjurbiflefcs, Tile preceding di^' 
cuisiuri of iMridosis and allkalL^is has pufpt^ely dealt 
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TABLE 25.14—Causes of rispiriil^rv alkalosis 

4 Ovctzcalou* mcdwiicBi VHUUtfkm 
4 Hypoxemia (stnntErikn of peripheral cterni;i receptors by 
do.' m LisL'd MKygen dulivury fc 

Rlght-to-fen shunts- 
DcLTeawl TO, ic,g,, hij^Jh altilmfeh 
Congestive bean failure 
Sewve anemia 
HyipctEeiiviiifi 

PliLmontry diseases toulout mi vciiieIjiIii7ii -jh.tI i^itan 
mismatching: 
iVietiviKHiku 
hlmify embolism 

j 

l\iliimnary fihmvjs 

Pulmonary edema 

Pulmnn-wy disease refilling in EtirmilBiion of 
nocicef itfw DKepionss independent of hypowui^ 

l^uimKwika 

Pulmonary 1 embolism 

Inbervlatial lung di^ase 

Pulmonary edema 

■ CIShi-riiKrdiajyU liypivupi:ia wilh direct MunuUlinn nf 

medullary respiratory center 
Liver disease 

Cirurii'-iieaulEVL'' Sfipus 

Dm.cs ie.g-, sadky line DAudeatian, proptffow, 

xaurihim) 

Recovery From mciabolie flridmii 
Central DtemliipN disease 
Meat stroke 


Source: Adapted hen DiBuHula !W2a, 2fi9, Table 104, 


with idealized. single etmtogic processes In the genesis 
of acid-base iboormaEities,. Such slates rarely exist in 
real life. Mixed disturbances usually occur, and treat¬ 
ment u i 11 often convert one type of acid-base distur¬ 
bance into -another. Proper therapy must includecareful 
appraisal of repealed laboratory determinations and 
clftv-- observaiion of the clinical situation. Using these 
icchn iques. mixed disturbances can be identified. Ml- 
UiUled, and rfHfHged successfully. Examples of poten¬ 
tial causes nf united respiratory and meliklir disor¬ 
ders are noted in Table 25.15, 


PRACTICAL ASPECTS OP FLUID THERAPY 

PinKnosis umd Monitoring When fluid! therapy h 
under cansiderackHi, the practitioner must ask (he fol¬ 
lowing six questions; f 3 j When should fluid iherapy bo 
ins-liluLed'? (2| What kind!*) of solulionfs) should Ik; 
used? ft| How modi Fluid should be administered ? Id i 
How Fast should the solution be given? (5 1 What route 
of administration should be used? (6) How will the suc- 
«ss of the therapy he evaluated? The answers to these 
questions are individual in character and are Critically 
dependent on a knowledge and understanding uf nur- 
mul homeostatic mccbaniimp. They are also dependent 
on the history of the patient. a basic underMandinp. of 
how a particular disease affects water and electrolyte 
balance, and a correct diagnosis. 

'Hie purpose of fluid and electrolyte therapy is to 
correct ddiydniLiun or overfly dial inn and electrolyte 


TABLE 25.IS—Examples nf pntenlial. causes 
nF mixed respiratory and nicluh^lic dlLsorders 

* Hespinunrv KtddtfiK and llKIlbdlic ackkrai* 

Hypoadrai oeonieiHm-like a yrnhom e :ni dug* wuh 
Euxinidniefiiiiia] disuse 

Cardiopulntnnan 1 arrest 
Severe pulmonary edema 

tinjraei c iniiinu with hypm otermi: ‘Jilk L 
Low-carduK-ou ipnii bean failuiL- with pulmonary edeuiu 

Admcsd septic shock 

(iiUtlTIC dUilAUlLOfl vuLvuIiln 

Acute tumor lysis syndrome 

* Rnpiniovy ndoatfi and ractibodk alkalosis 

nilmaiury edema aikl dkmdcB 
Gastric dilatuciofi volvulus 

- Keqiiruhny aUcjikisi.^ ami rm’lalxiSie ntitlnsis 

Hypoadrenacorticism-like syndrome in dogs with 

gusU^HiileiEnial diseuM: 

ScjM^c shock 
SaltL'ylale Lo.iktly 
Heat stroke 

Oasurie dilaiaUiKi volvulus 

Liver disease I renal lubulix ndmic and impaired 

ribcluhcitihm uf laulalu | 

Laeiie jeidosis with estceiEive hypii-rvemiburui 
Pulmonar) edlevu 

l h jjs u\ irus gaslnsrnlL'nlis aiv:l sepliL'L'ania 

Severe eiereise 

AluIc lumur lysis synHlnHme 

CmfcpInDUiv resuscitation 

* Kcwrabwy nlkalosis unul HUhitk alkihiw 

CjmsIiil di lataLiun volvulus 

HypcrackcHKOTtKifn waih pulmcmary 

dhuutnlic wrnhc d j s m 

YcmlUnor-induced mixed alkalosis i>oo raptil eeHTeeuon 

uF ahvi ii mm I art unal "f >. |> 

Congc-diive bean fai lure aisdi dbuRtfca 
Bcpatie disL^L' and diiuretipi 
W^iiiing or hypoproieinciniLi 

l K .irM»Mrus ^asIrtsirriCL'nlis jirut M:p4»eeniia 

Source: Adupu-d fnwn DiBfllali I9^2a. 287. Table 11,9. 


imbalance and/or acid-ba^ intlhnce. I t rtUty also be 
indicated to correct« condition of achl^is or alkalosis, 
treat shock, give purenleral iwyrishnwfft, or oven stim¬ 
ulate organ function (i.e., the kidneys). Causes of ilnid, 
electrolyte. auUor protein loss include >ituuiions 
whereirl substuncti are not available becan.se of luck of 
supply Or condition of the iini mol; for example, an ani- 
illiil with a fractured inundible may be unable to take in 
Food or liquid. 0 # an aninul with a GNS disturbance 
may be unable to euL or drink because of the primary 
diseuM 1 stale Other causes of fluid, electrolyte, and/or 
pmrcifl imhciSnnce^ may involve excessive diminution. 

The fallowing mlonniUatm must be provided by ques¬ 
tioning tlw owner, obwsrvalkm of the puiienc. and/or 

clinical exafiiinuiitm: dmaiion and frequency of vomit¬ 
ing ami'or diarrhea, consislcncy of gloolk. Frequency of 
urination, color of urine, presence and character of 
thirst, fluid and dietary intake, dryness or elasticity (tuf- 
for) of the skin, nature and color of the mucous mem¬ 
branes ami sclera, pmem* of excessive salivation or 
panling. odor of ihc breath, and weight loss iw gain. 

In combi nation with clinical signs, lahcifaiory exam- 
inatioii of Hie blisod provides a rauonal basis for 
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estimatifli patient fluid and electrolyte needs and ram- 
i ttKfi ng treatment success. Measurement should 
include hermitucriiL plasma protein. bloud gtaS* (jPO,,. 
fCOj, base excess. iHCO, , or Mil CG^) und dec- 
trollies (Na + , K*, CT), Muod urea riiirogen. and creati- 
mm, Because red blood ceil* anil plasma protein are 
largely limited to Bine vtseulai space, (he concentralkn 

of bo4h Lends id increase with dehydraiiim h is best id 
assess holh hematiwrit and plasma protein nance results 
of one or the other lest alone can. be misleading it' pre¬ 
illness values arc ouf of the normal range. For example,, 
preexisting anemia hypoproLeinemiu,. nr physiologic 
evenLs such as splenic contraction can confound inter- 
preLation of either parameter if considered alone. 

CullecLiun. measurement, and analysis of urine are 
important for proper cure of the critically ill paticnL. 
Urinalysis shtaild include tests for specific gravity, glu¬ 
cose, acetone. pHL and albumin and microscopic sedi¬ 
ment examination. During a state of dehydration, if the 
kidneys arc functioning normally, specific gravity will 
increa.se and urine volume will decrease. 91 the specific 
gravity of urine is unchanged or lowered and the ani¬ 
mal shows clinical signs of dehydration, the kidneys 
are probably not functioning properly, arid more 

sophisticated renal function tests must be employed. 
Specific gravity of urine should he mofrittrod during 
the treatmeni period. A decrease in this parameter indi¬ 
cates. that hydration is caking place. If ihe animal has. 
not yet received treatment with a solution containing 
glucose and it is found in the urine. diabetic acidosis is 
possibly the cause of dehydration. The urine glticose 
should also be monitored dunrig treatmeni. If the ani¬ 
mal is weaving glucOftC ibntl (he urine gltuicne renches 

+3 of +4, the dosage must be lowered. Acetone in tire 

urine is a frequent finding dunng dehydration and/or 
earbohydrate aHWuJon. If the pH of the urine in 
species with normally add urine teas alkaline, j 
ntisis of alkalosis may lx- indicated if no kidney 
nary tract disease is present- The presence of urinary 
albumin and sediment may he an indication of renal 
disease. If the kidneys arc functioning properly, they I 
can adjust markedly to insult. However, in the presence 
of renal, impairment, therapy must he specific or Ihe 

treatment may be filial. 

Diligmt assessment df clinical signs and lalwainry 
ptrameim is essential to successful diagnosis and 
mtniitoring of fluid and electrolyte imbalances. Useful 
parameters arc summarized in Table 25.16. 

tluid Volume and Type. A standard approach 10 esti- | 
mating fluid volume needs- should be used, Replace¬ 
ment of adequate volume is often the single most 
important key to improved clinical statu*, of animals 
with multiple fluid arid electrolyte disturbances. Vol¬ 
ume replacement should have throe specific linn: cor¬ 
rect existing deficits* satisfy maintenance needs, and 
replace continuing loss. Initial volume deficit* are 
addressed by administration of replacement fluids.. Cal¬ 
culation of tbc ainuunl of fluid needed is based on clin¬ 
ical and laboratory assessment of percent of dehydra- 
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TABLE 25.1*—Pmmeters to tn- iinniiluftil 

(tu-rirtK fluid Ihoi'ajJj 

■ Kfltmiil bmncboveskular Iuii.l! sounds-on ajuwullaikM 

* PjckL'd-L'Cll VLlluUK 

■ Total protein 

- ElednilylBi: N* + , O , C* 1 *, HLXl, 

■ Arterial pH 

■ Arterial FCO , 

■ Urine output 

* 1 Ic m i id yn am ici s 

Central venous pressure 

Pulrmiriurv capillary v. isIyu pitta surra 

Mean arterial pressure 

Menii pulmonary wlaial pressure 

Source; Adapted ftwn DiBartolii 1W2a. 5TO, Table 20.9. 


lion. See Table 25.5 for □ summary of sig ns correlated 
to degree of dehydration. The volume needed to 
address the initial deficit is estimated according to the 
following equation: 

Replacement volume (Lj 

= body weight (kg) x % dehydration 

Clinicians working with both small and large animals 
should become comfortable with the large differences 
in volume that will be required to address deficits in 
different animals, For example, she replacement vol¬ 
ume needed to address an 8% fluid deficit in a dehy¬ 
drated fltetie weighing 500 kg is 100 limes greater than 
that needed for a similarity dehydrated cal weighing 5 
kg. Forty Liters of fluid would initially be administered 
to Ihe marc versus 400 mL In the cat. In general, Che 
eompOFrltkm of replacement Hurds should re fled llw 
Composition of the volume of fluid lost. Fur example, 
if I he volume deficit is related to loss of electrolyle-nch 

gastrointestinal fluid, then a balanced replacement 
solution containing. Na% K\ Cl . and hicarhiHuite 
■equivalents would likely be selected Table 25.17 
details the compositions of commonly utilized replace¬ 
ment fluids. 

In addition to replacing, existing, deficits, mainte¬ 
nance fluid needs must be calculated. Maintenance flu¬ 
ids are needed when a patient does not voluntarily 

ingest sufficient food and water to replace normal 

losses occurring via urine, fees, respiratory tract, and 
sfcio, The average resting animal at standard conditions 
of humidity and temperature has a rather constant rate 
of water turnover. For practical purposes, 40-65 
ml /kg/24 hr (30 mlJlb/day is often used us a rule of 
thumb) for mature animals and 130 mI/kg/24 hr for 
immature animals serve as- average water lurnovwa for 
alt mammalian species, ftuad on these isaumpdons, an 
average mature dug: weighing 20 kg requires about 1-3 
L ftif ii daily maintenance supply of water, while a 
horse weighing 450 kg would require about 29 l/day. 
Mainiemuxte needs may he modified under conditions 
of severe stress or fever, extreme envi ronmcnlal enndi- 
lions, or in the presence of various disease processes. 
Older animals may need more or less maintenance vol¬ 
ume depending upon Lhe ptttHKZ of polyuria or com- 
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Table 25.17—'Compiivitimi of selected fluid therapy solutions 


tlLKLiLE-L'risliLs I'.ki CiunpiHitiuil i inhqi't j 


Alkalinmng 


tVp* 

Sk dull 11 II 

pH 

Osmolirirly 

(tnOwn/Ll 

Na- 


a 

i 

ri 

U 

Mr 

CftlKttK 

t mEq/L) 

HlpbctlMfll 

Acidifying BES 

Ringers 

5.4 

309 

147 

4 

J 55 

4 

0 

0 

0 

Acidifying BES 

Normal Hfiac (0,9%) 

521 

Ifl-R 

154 

0 

154 

0 

0 

n 

0 

AUulinizug BES 

f inlnlnd Ringer's 

6.6 

m 

130 

4 

109 

3 

0 

0 

28 dictate) 

Alkali nixing. BES 

Nomnwl-R 

66 

294 

140 

5 

98 

0 

3 

0 

27 (acetate) 
23 t t' lULLllUlCl 

Alkali nixing BES 

Plasm* Lyflc A 

7.4 

294 

140 

5 

98 

0 

3 

n 

27 t Beetle) 

23 (gliKUitau) 

Maintenance 

Acidify inf 

2.5% (kdnR/nfei 
in 0.45% uline plus 
potassium addition 
(lh iiitq/L) 

45 

2 «n 

77 

16 

77 

0 

0 

25 

0 


Equal votran 5% 
fexlnne/wjltr and 
Iterated Ringer \ plus 
potassium addition 

CltitaEqfld 

5 0 

309 

65.5 

\$ 

55 

1.5 

0 

25 

14 dadate) 


NontwM wifi 

5% dcicnmc 

5 0 

363 

40 

1.1 

40 

0 

3 

30 

H6 (acetate) 


Plravru-Lyta M 

with 3% dfiJIlRM 

33 

377 

40 

16 

40 

5 

3 

50 

12 tljk-idie) 

12 (uxkilir) 

Other yvlfou 

5% ctertresc/waler 

4.0 

252 

0 

0 

0 

0 

0 

5 

0 


50% deUToWwsiter 

4.2 

2790 

0 

n 

0 

0 

n 

50 

0 


73% saline 

— 

2566 

1283 

u 

1283 

li 

0 

0 

0 


t A% IfeHCO, 

— 

2000 

1000 

0 

0 

0 

0 

0 

1 c N3TI 


14.9% KCI 


■IIHX? 

A 

2tKHI 

2CMXI 

0 

0 

a 

0 
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promised ctnbowcultr function, respectively. Admin* 
jhlriilMin of vwrious drugs (G-g.* ghtiUMicoidL diuret¬ 
ics) will idjo affect mauiKnanoe needs. The cleeiroJyDe 
composition of fluids y-^d for maintenance differs, 
from slifLi of reptacemcnt fluids used to address initial 
deficit*. Btcaruwi of (he minpo&ii ion of fluid Inst d-iidy 
in urine and as innensiblc loss irons the- skin and respi¬ 
ratory tract, maanlcniuice fluids are typically lower in 
sodium (^pfiidmudy mEq/L) and higher in potas¬ 
sium (mvuditlately 10-16 mEq/L) than replacement 
fluids.. ThMc 25J7 eMails the mptkk» of both 
c o mme rc ial maifriensntt fluids and maintenance fluids 
that can he prepared using other commonly available 

fluid d>inpmnenr%. 

If the animal being healed continues in lose waiux 
during (be Ir^livwm period (fcg., due lu rafflinued 
vomiting, durrim, polyuria) this additional amount 
must he estimated and added to the repIftMlKUt and 
martUfiuiice volumes. The volume required to replace 
continued loss is based on clinical observation 
frequency of dcfccatkHh, character and volume of feces 
m i he case of diarrhea,). Like the volume used to 
address the annul deficit, the type of fluid selected Co 
replace coniinuing loss should, in general reran He ilk 1 
fluid lost. More often than not. balanced electndyic 
solutions such us lactjted K inker's are chosen. 


Application of the principles outlined above may 
be appreciated using Lhe following ease example. A 
2-year-old, 20 kg mixed-breed dog presents with a 
chief complaint of diarrhea of two days' duration. 
A physical ejsa.ni reveals a loss of skin elasticity and a 
definite delay in return of skin to normal position 

when tented. Both mucous membranes and tongue are 
dry and the eyeballs feet soft and slightly sunken. 
Capillary refill time is slightly prolonged. Based on 
these clinical signs, dehydration is assessed ui &%, 
The dog is coniinuing to pass semifluid stools every 
2-3 hours, resulting in an estimated ongoing loss of 
150 mL/diy. Tile owner reports that the dug is not eat¬ 
ing or drinking. Calculation of the volume of fluid to 
ht 5 dniinhlrrd 1o iht* cfcig om the nest 24 hours 
would include: 


Replacement of 

initial deficit: 2U kg K fh(W - 1 .6 I. 

MiiriEwa need*; 65 raUtg/dlay x 20 kg = 1J L 

t 'uiiiiii uLiJ hm: 0.15 L 

Total ntimUcd fluid seeds: 1JB L 


This volume is considered an estimate because Ji is 
bused on clinical. signs and average maintenance losses. 
Despite lhe importance of good data collection and 

appropriate application of fluid therapy principles, at 
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stuiic level adjusting volume is dc pen deni upon a 
"guess and reassess” process driven by diligent and 
thorough piicni observation (Roussel IWIH, 

RaIh and Rnurtes nr Administration. The rate of 
fluid iunj/or elceirolyte replacement should parallel the 
severity of dehydration and electrolyte or at; id-base 
imbalance^ Fluids should he administered rapidly at 
fir^r ufid then ai Lieereasing rales until the condition is 
corrected Most invcsiigatnrs report that rates of about 
IS ikkIAg/br are reasonable. Cornelius el -al. (L97BI 
have shown dial rates of 90 mL/kg/hrarc well uknted 
in modcralcly dehydrated. unaniestbeLi zed normal dugs. 
No deaths wownd, hut clinical signs of severe over- 
hydration were evident in dogs given fluids nl 3ft) 
mlVkp/hr. At 90 mL/kg/hr, pulmonary artery wedge 
pressures and central venous pressures were iOHClttd 
in dogs with normally functioning hearts, it can be pre¬ 
sumed ihat a seriously ill dog, with compromised car- 
due muscle contractility, could be injured by infusion 
rates that result in acute volume overhaul. If central 
VCOOUI pressure* are being monitored, the infusion rate 
cam he individually adjusted Inreach patient. This tech¬ 
nique is simple and Inetpenive, The attending veteri¬ 
narian should monitor ibis parameter in the critically ill 
pcjiienl and adjust the rube of Jluid administration 
according to individual needs. 

Conservative and reasonable practice would dictate 
infusion nites of about 30 mlVkg/hr in KVWeJy <lehy- 
dnited cuh. [.ess severe cases should toknle rates of 
15-30 ikiL'Vgi'hr. In all cases tlw rate of infusion should 
he stowed after the ini how of adtailnutrition and 

should he slowed Dun^idenahly if On urine ft-uW is Chtah- 

1 1 shed. After 4 or more hours of Hu id udiikiiii§tntifln 
without urine flow, the rale of administration should be 
2 mL'kg/hr or less. Every attempt must be made to 
establish renal function if DO urine (low is. detCClod 

aflcr 2 bourn of fluid adnlntotntioft To accurately 
monitor urine flow, all critically ill animals should have 
ji urinary bladder catheter in place. 

Common sense and clinical judgment must he excr* 
cind. If an animal is severely dehydrated and in 
shock, it is dill kult to administer fluids too fast during 
ihe initial stages of treatment. If. however, ait animal is 
almost normally hydrated and the aim is only to maim 
tain hydration, ihe rate should be slowed eonsidefribly. 
The kmportuce of mud function has been rcpealedly 
emphasised. A commonly used method of determining 
if the kidney si are capable of fllKtiming is to inject a 
small bolus i1-25 ttkL, depending on sue of the ani¬ 
mal) of 50 % glucose. Urine from the cafaelaued 
bladder is tlien chec ked every 3 mfMtES for ihe pres¬ 
ence of glucose, which indicates glomerular filiral ion 
is occurri ag. 

The mute of fluid admiiiisirarion depends on the 
type of illness being dcak with and the severity of fbe 
condition, degree of dehydration, condition of the 
patient, type of electrolyte imbalance. organic func¬ 
tions of the patient, and Lime and equip«itfiii arviilahJe. 
ProhaMy the easiest, most pbytMogic, and most over- 


Looked route of administration oi Hu id and electrolytes 
is oral or nasogasLric. The ml route is the host d^n* 
gcrous, since the solution can be administered without 
strict attention Lo tonicity, volume, and iLsepsis. Oral 
replacement nf electrolytes by using combinations of 
elcctrulylc salts, glycine, and dextrose has been espe¬ 
cially successful |Hamm and Hicks 1975}, Proper tech¬ 
nique few unil Ituid administration should preclude 
complications associated with fluid aspiration or 
administration of excessive amounts of air. 

A relatively unused nuie of administration Unit 
might be considered, especially in wty young uunyli, 
is per rectum. Warm water,, K*., Na\ and Q“ arc well 
absorbed via tikis route. ]i may be difficult, however, to 
get the animal to retain material given in this muner. 
especially in Lhe presence of gutnrintoftiniJ distasCr 
Rectal infusion of fluids in birds has been suggested s 
an effective alternative route to intnvnoHp 
rntraosseous, oral, or subcutaneous (Ephnili and 

Leradj 1997). 

The most ciuhnioikly used and perhaps most practi¬ 
cal routes of fluid and electrolyte udmini stratum are I lie 
parenteral routes.: intravenous (IV), subcutaikCous (SC), 
or intraperilonc-iil tlPj. The IV route is Ihe ttOAt versa¬ 
tile. Severe disturbance* of fluid and electrolyte bal¬ 
ance demand iI. Nearly sJU die toxicity of solutions 
administered in this manner is more related to rate than 
volume or composition. No Indie a tkxn Cor hypoionie 

solutions have been Found, hut indications im isotonic 
and hypertonic solutions exist, and some of these have 
been discussed prev iously. Some of the problems Asso¬ 
ciated with IV administration include those associated 
with maintenance and ucpska of indwelling ctfhctttk 
clotting, and hematomas, a* well as the locution of a 
vein on very small or very ill uunab. Obviously, the 
fluids administered ami equipment used must he ster¬ 
ile. [..urge volumes nf fluid administered loo rapidly 
may overload the circulatory system, causing pul¬ 
monary edema and even death. especially in severely ill 
or toxic cases. ITiis is the preferred route for blood, 
blood plasma, and plasma volume expandenv. 

Subcutaneous administration cH'fluid is referred lo ws 

bypHfefBKiclysu, This technique is cuomnknt ftsrcor- 
rection of mild to moderme deficits in small animal*. 
Fluids ure absorbed more slowly lhan by the IV rouLe, 
but if the animal i* not in critical condition, this K of no 
real consequence. Only iaobOnic solutions sherntd be 
used in this manner. Dextrose of any tonicity or any 
solutions- Lacking dcctrolylcs in isotonic levels Eire con¬ 
traindicated because they may produce an initial rapid 
diffusion of major extracellular electrolytes to the area. 
This can result in severe reactions, including death, 
especially if ihe animal is already in shock. Hypoder- 
moclysis is extremely valuable in very young uf very 
small animals. If the animal is difficult to restrain long 
vnmiigh for a prolonged IV infusion, ihi> i:> a useful 
[eclmiqtkc. When edema is prevent, absorption wiLL not 
occur, and this route of administration is contraindi¬ 
cated. If the animal is ehitied by a cold environment or 
a cold fluid is injeeled. absorption by this mute will be 
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delayed, and! it is recommended that fluids he pre- 

warmed to body Temperature when feasible. Admin i*- 

tration of fluid* in one anatomical location should he 
Limited to amount* that are readily absorbed (approxi¬ 
mately ]()— I 2 ml_/kg) (Qwo IWfi)., Fluid dmuld he 
deposited donaJly along the area horde red by the 
scapulae anteriorly and die iliac crate poKjeriody, 

Hypodemniclygifi is run caunonly used a route of 

administration in large animah. 

IF infusion of fluids has the sume restrictions as 
those for hypodenruM; lysis. The technique may predis¬ 
pose to peritonitis. so aseptic procedures must he used, 
"the fluids are mobilized faster than in SC" administra¬ 
tion, but this route is potentially more hazardous (punc¬ 
ture of abdominal orgunsk Nevertheless, this is a pood 
route for electrolyte and water absorption. Plasma and 
a large percentage of red blood cells administered 
using this technique ure rapidly absorbed. In large ani¬ 
mals it can (%e a very practical method ol' treatment, 
since a large quantity of fluid cun be administered rap¬ 
idly with few adverse effects. Perhaps the greatest 
application of (hi* Technique is with peritoneal lavage. 

PRODUCTS FOR FLUID THERAPY, Major cate¬ 
gories of parenteral fluids include crystalloid^ col¬ 
loids, Mood replacements. and ntilntionai solutions. 
Illood replacement products 1 whole blood, blood com¬ 
ponents. and red blood cell substitutes! and nutritional 
solutions (amino acids and fat emulsions) are consid¬ 
ered elsewhere. The composition and characteristics of 
selected crystalloid solutions and additives used to 
spike parenteral solutions are listed in Table 23-11, 
Types and recommended dosages til synthetic colloids 

are listed in Table 25.18. 

Cryslallaids, As detailed in Tabic 25.17, crystalloid 
solution* arc polykttic btiL differ in the amount of each 
ion and in tonicity. As discussed previously, the tonic- 
icy of pOKHlenl fluid* partially dictates ditinbution of 
volume into interstitial and intracellular spaces, Fluids 
that most closely resemble the ECF are isotonic., high 
in sodium, and low in potassium and may he aeirtiFying 
or alkalinizing. Tliese replacement fluids, also referred 
co- s balanced electrolyte solutions <I5LS) S may be 
given in large volumes at a rapid rate lo patients in 
shock in an attempt to rtestohli>h effective perfusion 
withcMLl severely fehering electrolyte vuncenlralionv 

Alkali nizing solutions depend Ufkpii iifrclabulism tif var 

ww snhstraies (e.g. q lactate, mate, gluconate) to 
alkali nizing equivalent* in order to reduce acidemia. 

Lactate and acetaic are metabolized in the liver mid 
muscle, respectively, while gluconate is metabolized 
widely in the body. Perfusion and function of the liver 
are required Cor generation of alkali nizing equivalents 
from the flKKf commonly used replacement fluid, lac- 
talcd Ringer’s Miluiion. A large perceitage of veteri¬ 
nary patients that require fluid Lhcrapy suffer from ihui 
respiratory acidosis und are treated with alkal ini zing 
balanced electrolyte solutions. Tteu fluids are gener¬ 


ally indicated fnr animals suffering from diarrhea, 
vomiting (assuming vomatu* contains bile), renal dis¬ 
ease, trauma, and ibocfc and IhDK requiring pre- and 
pDSUurgkll support. To avoid calcium precipitation, 
calcium -CBfltilning balanced electro Iyie MlHtions. 

such as Loaned Ringer’s solution, should not be coad- 

ininisierect through llfeu same pearl with whole blood or 
sodium bicarbonate. 

Normal sjJiik and Ringer's solution are considered 
acidifying solutions and are used to treat the relatively 
small percentage of small-animal patients fM prevent 
with metabolic alkalosis. Both solutions are high in 
chloride and. promote renal excretion »f hiearhiviiuic. 
Normal saline is olio commonly used in treatment of 
patients wiLh elccimlylc disorders such as hyper¬ 
kalemia tw hypoalcenu itk which absence of elec¬ 
trolyte* in parenteral fluids is desirable. Assuming 
appropriate insulin therapy h instituted, normal saline 
m also com id e red the fluid of choice for treatment of 
diabetic ketoacidosis. 

Colloids. The critical distribution of water between 

plasma and jnlcrstitial fluid is iiirtilHnincd ill pari hy the 
colloid cjrsmolic pressure (COP) of plasma protein 
COP include* the osmotic pressure exerted by plasma 
proteins and their iLssociiilcd cleeLnolyte molecule*. 
This force draw* wider into capillaries ^md bafancta the 
hydrostatic pres*ure driving water out (see Starliikg 
relationships described earlier in this chapier). 
Although the hu*ic concept of Starting relationships is 
sLraighttbrwiijd. in vivo application of lhe*e concept* is 
complicated by the heierogeneily of -Starling forces 
wjthin different tissue* and the complexity of Iran* vas¬ 
cular tluid dynamics. Despite these ciwris, ii is practi¬ 
cal to say that the balance between intravascular COP 
«ind capillary hydrostatic pressure drives net fluid 
eUnvwPUQjn and form* ihe basis for IntriveiMU col¬ 
loid therapy. 

Therapeutic colttucK may he of two types; natural 
and synthetic. Natural colloids ineluiie whole Mood, 
plasma. .mnd albumin. Synthetic colloids, the focus of 
ihis diicuscnu, include due Iran 40» dextm 70, btf- 
astardi, pentasiareh, wd oxypotygdatia. Therapeutic 
colloid solutions contain large particle:* 4iitd are 
retained within ihc vascular space more readily ihidt 
crystalloids. As a result, smaller volumes of cdMds 
cause greater volume expansion thuit crysndluids do. 
Initial tissue perfusion has been found to he honor after 
voluntt expansion with colloids or combnurkn of 
coIIohJs iind crystalloids than with crystalloids .alone 

lFunk and Ekddinger 1995k The duration of this effect 

varies and is dependent upon many variables, including 
the specks of anhuiil. dose, specific colloid formula¬ 
tion, prein fusion intravuvcular volume status, and 

nucpowcular pefmeabUUy (Hughes 2UOUk. 

The effect of coBnU soktkMU Is related 

to Lhe number of particles raiher than like sis ut parti* 
ties in 4i soluCion, However, hderogenciiy of panicle 
CHUB vLnisiderable complexity in Ihc phiunnacci- 

knetks of ihesc scludom. Synthetic colloids aniLum 
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Table 25. I K—Indications. dosages adminis-traliuii. and side efforts assuciLaied 
with use of selected colloids in dogs 

Type lit culltmi hidwarurts IJKiwijjl- mid odiilmasliLflltuii $kfi@ l'IIlvIs and LunljaniJKJjLii.ms 


Plunu CoigilDrtjui; 

-disscniuuLcd 

intnYucubr 

-L'liu^iilulxjn; luw 

unlirtiromhin:. acute 

tiyptijIhumintfiTiiLL. 


Lkslitaii 44) Rapid, shutl-Uml 

ntnmuoukr volume 

r^'Ku^ritilicifi I'mm 
hiypovok-nbL 1 shock: 
nifvbOt impnnemenl nf 

nuun.H:in:ulaL 4 !fy tlcnv 

by lowing Mood 
rvanty; pvptiyluu* 

Lit <k~rp VULII 

iiinjuu* urwl 

[ii l'i ••i.i'y t'tlrtkiLi. 


[talram 70 


IteluftKh 

divdros yrttiyl 

Ticarch w HE S) 


<pen> 


{ taypLilypuldtivi 


F-iipid. 

urirarviJM/uljT vuluflu: 

resuM.'iiaiiqm from 

hypi.iv>: slum in, 

tniuvnaliHc. nr 

hunKHrliLfe^H: ;Jiut:k. 

Rapid 

HbtXiiVilSi'LlliU VuluClHT 

rcsuyeitniNni from nil 
ftirfiLv i?l shisfk; 
KibmJL-VLiluitk: 

vcmciutimc whn 

refriiiLinncnL and 
miinccnance in SIRS 
IHriHl, 

Rapid, 

intnvncidar volume 
nraum-iiiiiion fmm 

Iqipmol iri ft, 

frnumDlk’. dr 

hcmunfliugH: sIilk.Il. 
Rapid. hlKwl-Ecmb 

inlnnHcubr volume 

ruhU'H.'iVulKm I rum 
tiy|H.ivriftcmiL short.. 


10-30 mLAgAJav DdimnisK-rcd: 
la? LunliniKHUKly ijvlt 14 hr, 1 b) iks 
n 2-4 hi infusion. (cl 6-10 mLAp 

in | Eir iillusion* every H hr, <ir 

idi until plasma albumin i*iwcr 
2.13 gi'dL. ApffnniinuLcty 21 .S 
mLAp of piasma needed io imre-aw 
patient albumin by S gfL. 

10-20 lAlAgfckiy IV Vkifcus hi 

■fifed; vA-ith- diatribuiis-e duds due 

lo SIRS iteiCnin can he fnlkiu-ml hy 

a CRL of heiasiareli io mainiain 

MAP of II fciml M0 mm Hfc 


Sff ^Ir^lran 44 ) 


II3--JTI ml Ap/tLiy IV hnluK Ili 
lAlvi , with uaribogenii; short. 
pobnnBy OniniGS, nr bead 
Liijury, 5 mi Ag boluses arc 
udminisurcd io effect* uunp die 
smnlleM volume ponikk m 
niuiniain MAS 8 ur #IU mm H£ 

10-25 ifllJlig/tLiy, luntliaiuil 
half-life slicker dun HES, 


5 mLrikg over 15 ivuih: licraw m 
cffecl; bIl v pot eKcned I * ml A«c 
Liriid doflfl. Il am ^4luiiw required, 
fnlluw v/Llh another synUidie 
colloid 


Rapid VDhm expansion may he 
LkfCmrHfviliil bo putienls u-slh oliguric 
oranurk renal failure or cnopHlrre: 

he art Fuilure. 


Set’ plasma. 'I '• 1 1 i.i r 11 . h i :i C irllcct un 

serorn cotfulMioD fatten in 

uddiliocn Lo pohsihk iLirwl vIIa'In nti 

IhftM brim. May be irf linJM 

LliTUL'al r-elevance in rulienls 

VL-Ilh pvucsisLifi^ Lxu^'uli^ulhiL:^. 

Conifaindicawd ua paiienh ^irb 

severe cm Kijuih spud hies. .Slud^inp -:>f 
RJiCs life UhiefcH.'ifC u.lalu^ in 

rlebydraled pMnb may oenr iT 

sufSksemi lev Midi lids arc mm 
administered. Anaphylaxis reported 
in huirums. A.RF has h^n reported, 
5fif deslnui 441, PexCmn TCI is 
diuugiii Ili impair cou^ulauon rtkire 
Lhan iexlran 441 No ARF repmed. 


Yrr ikislnin 443 . Aruphyluiis has 
im been repvncd ^-idi isURk 

Nk pnmiiis possjhly jisM^ijrie^l with 

ikpsxiiLi of HES in euLUfeMnih 

nt rse* hu^ been reported in up io 
"tT-fl nfpoiienls InsaLeil walh lofijf- 

iemn UuioH. No ARF repartad. 

fee dcxirsiik -Hi. A1Uph.vla.xi71 anJ 

ARE have not been repimed wilh 

pcnLihlarL'li. 


See dexiran 441 No AR F 
rupurted. 


Ssunjei M'.wJisk-d from Rud-loff iirnk RirtivL*WS. Otlvr mwcucs Urn infumulamt in table include* Mad&rw:i and Huehe^ 

2000. 

Note; ARF - neute renal failure; CRi a cnnMunt-nile infusinn; MAP= niEran artenal pressure: SIRS = svsLeiliie lOtlalUUkiUity 


ruNputiM: symlrmliu. 

aukciilH ifull vu> in imleadar ■Avi^hi move than ihe 
mulei'ules in u sdutkM fflf a nimtral CoDotd S4k:h is- 

albumin. Al'ler lyMkelk COlkHdl urc adminisicred, the 
smaller mulecules fhiss rapidly into the mine and are 
eliminated tit mow to the inlcrstitium, ncf.uUnR their 
ithiliry DoaitfjLi water inlo the vantrulaLure. Larger mul* 
ectilcs remain In the cimilalkm to exert COP utiLlL ll miy 
^re hydmly/cd by amylase «r removed by the mtum- 
cyfto plwigiKytie syslcm. Because of diflferenees in par- 
tick" bch4Lvior ojnd. in phamiaenkineLie slutly design 
.g.., liuraiicin csf ^tudy. volume slatu^ t*f Study subjects., 
volumes and rates of colkrid adrainutndofiX fpicHic 


half-lives repoded for tolkuds. nuiy vary CflUidmMy 
I Mathews IWSL Such variulion may tbenfKQtk 
pfublcm> satoe actual durntkm of action erf coUokto 
may not coincide wiih munufmci nrvr csrimares of the 
same.. 

Indkalioils fLrf colloid use include perfusion deficit*. 
hypooocvlK *1a4eH, deficiency l>J' blood component*, 
and dsMjaMjs lhai lead to nyricmic inflamnuLtury 

I response tyndnome (SER5)>. SIRS is a generali/ed 

inflainniiiiory process wilh evidence of decreased 
LKTjiun perfusion. Sepsis may be Ihe sntftt erf SIRS but 

other condition* may afco result in generali/cd sy^- 


r 
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lemie pathophysiology (cj n heat stroke, scute pancre¬ 
atitis, neoplasia). Hallmarks of SIRS include alter¬ 
ations in temperature, heart rare. respiratory rale, 

PCO r and white Wood cell cornu. Peripheral vascula¬ 
ture dilutes. capillary pmrieabtlicy iKtWCI, and 

plasma proteins leak from affected vetsds. The result¬ 
ing hypoalbutninemi# leads to a reduction in COR loss 
of vascular volume, and hypoperfusion of tissues. High 
molecular weight colloids administered eo SIRS 

patients are retained more effectively in leaky vessels 
and Force retention of volume. Approximately 20-25% 
of urystulkud remains within the vasculaLure I hour 
after infusion into nurrnal animals compared with 

I00 r # of the volume of i nfused colloid. Hence- colloids 


may initially expand the volume of the iirtrftv&scuhu 1 
spate approximately (borfbld more than crystalloids 
(Hughes 2H.X»r 

Colloids are often included in fluid regimens for 

small-volume resuscitation (e.g., during traumatic. 

hypovolemic, nr cardiogenic shock.), improvement of 

nfiierocirculai:c»ry flow and capillary integrity (e.g., 

SIRS), and management of ongoing hemorrhage. While 
colloids are useful in reesLahLishing vascular integrity, 
replenishment of interstitial and intracellular fluid 
deficits, depends upon appropriate use of coll mils and 
crystalloids in combination. Colloid administration typ¬ 
ically reduces the required amount of crystalloid fluid 
by ns much ns 44M&U% (RudM 1998), Care must be 
laken to adjust amounts and rales of alt fluids adminis¬ 
tered to prevent intravascular volume overload and sub¬ 
sequent interstitial etkrnuL Monitoring of colloid ther¬ 
apy ideally includes direct measurement of COP wiih a 
membrane osmometer in addition to measurement of 


traditional indices of perfusion and hydration. 

Problems associated with colloid therapy may 
include dilutiurtal effects caused by expansion of the 
intravascular space. Packed-cell volume, albumin ccm- 
centraLion. scrum potassium concentration, and amount 
of drculating coagulation factors typically decline fol¬ 
lowing administration of synthetic colloids. Rapid vol¬ 
ume expansion may he of grealesl concern- in pulienls 
with oliguric or anuric renal failure or congestive heun 
failure. Precipitation of acute renal failure has been 
reported in humans with dextrun 40 fFcmholi ei al, 
1997). Impainnent of Coagulation as a result of dilution 
of angulation Iactors is, thought to he of limited clini¬ 
cal relevance in veterinary medicine except in patients 
with preexisting augulupalhies. Anaphylactic ur ana- 
phylaLcoid reactions associated with colloids hmt been 
reported in human*. Concern Ititt also been raised over 
the effects of selected colloids- on retieulncndnthelial 
function (Hughes 2000k Because eats are more likely 
to show signs of allergic reactions, especially when 
synthetic colloid* are administered quickly, only small 
volumes infused at slow rates <5 mLAg increments 
given over 5-10 minuies, repeated to effect up to 20 
mL/kg|i are recommended for use in this species. 

fable 25.1 IS lisLs indications, dosages, and adminis¬ 
tration details for colloids commonly used to treat 

dogs. Albumin (6b.000-69,XW0 diiltonsj accounts for 


Hl)% of the COP of ihe only natural colloid listed, 
plasma. Pach gram of athumin can retain m> much as 18 
ml. of fluid in Lhe intravascular space, assuming 
infused albumin does- not leak from damaged vessel*. 
The intravascular half-life of albumin m plasma is 

approximately 16 hours (Mathews 1998k The three 

major categories uf synthetic colloids are dextrans, 
hydroxyeihyl starches, and getting. Dextraits arc pre¬ 
pared from a fiMicrornoIccular polysaccharide produced: 
by bacterial fermeatal ion of sucrose. Because these 
products represent a range of molecules with different 
molecular weights, they arc described by a weight 
average molecular weight (MWw). MWw is defined as 
the vain of the number ol nnolmib al each molecular 


weight times their divided by Ihe total weight of 
the molecules. Dextran 70 (MWw = WfiOO dal Ions I is 
more commonly used anti is available as a 6% solution 

in cither 0.9% valine or 5.0% dfxUw. HydroxyelhyJ 

starches are derived from plain amylopecciri and are 
modified by hydroxy ethylation to reduce hydrolysis by 

amylase. The moss commonly used product in Lhis cat¬ 
egory- heiutareh (Hcspan®), has a MWw of 
100,000-3001,000 daltons m d is available as a &% <6 

g/dL) solution in 0.9%. saline. Feutastareh has a nar¬ 
rower range of molecular weights, a shorter duration of 
action than hetastareh, and is only approved in tins 
country for leukapheresis. Only one gelatin prtxUtet. 
ox y|xily gelatin (VLnaplasmaiHi) derived from bovine 
hone gelatin, is approved in this country as a plasma 
substitute for fluid resusci tation. 


Hypertonic Solutions. Flit several decade*, rasuxcibl- 
bon uf experimental and dinical animals suffering 
from shock has been attempted using hypertonic saline 
4 HESS). Throughout the I9QQ&, studies have generally 
supported the benefits of HSS for transient restoration 
of cardiovascular Fund inn. Although a full understand¬ 
ing of the mechanism of action has been elusive, iherc 
is agreement that the primary benefits of HSS infusion 
result from plasma volume expansion. High cum being 
concentrations of sodium attract water into She vascula¬ 


ture from the interstitial and inlracdlular spuc-es and 
help to restore capillary flow and tissue perfilKimt. Car¬ 
diac output has been reported increase as a result of 

iocTcasd preload, decreased sMnd related to sys¬ 
temic and pulmonary vasodilation (Constable et al. 
1.995), increased adrenergic activity through release of 
catecholamines, and improved oxygen delivery to the 


heart i Tobias et al. 1993). Pd®ilive imuropy has also 
been reported but this refrains a controversial point 
fCaraiNer et uL 1997). In vitro studies have shown that, 
at least during the initial ire-alruent period, negative 
iDOtropy may predominate (Constable ei al. 1994). All 


of the above cfltscti are short-lived (peak occurs w ilhin 
approximately I hour) hue resume itative benefits may he 
prolonged by combination of HSS with colloids such 
as dextrin 70. Ideally- rapid recovery of uordia vascular 
parameters occurs with administration of smaller vol¬ 
umes of HSS cif HSS pltis dextrin (USD) compared to 

cry stalloids. Lhu> decreasing ihe risk of edema related 
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|q volume overload. In add.il ion lo primary volume 
Cipwibn, I ISS is Lhoughl Lo invoke a lung vagal reflex 

important to ckulitory council during hypmvkmuL 
How much i his rdltJt V4in(ribtnes to (he cardiovascular 
effects of HSS infusion remains controvctliftl. ILSS 
may also have immunoiiKHluluRiry effects that protect 
organa from oxlMve injury and ahuce selknedi^ 
ated Imnunky (Coimbra ct eL !996) 0 

1ISS use is indicated in [he treatment of shock auto- 

vLiIimI with befTOfThlgC (FEauCi 1 et id 1993)' iniuiiLji 

■fSchertd m id. 1996). gutiic-dilililion volvulus 
■(Schatd 4:1 a], 1997),. acute pnciemrtis (Horton ui *1. 
L Ji,, hums (Horton et al. 1990}. and sepsis (Antoni 

et ul. | 999; Made I c-L al. 199ft). The evidence far use of 
HSS in the first; three n ft hew as most compelling. with 
fewer studies unequivocally demonstrating advantage 
under sped til - study conditions asodHCd wilh she 
other disorders. HISS has also been utilized in treatment 
of head injury &utct, like mannitol, HSS draws intersLi- 
lij] and inuacellular water rway from edematous tis¬ 
sues iind into the vasculature (Pmngh ami Zonww 
IWK), Regardkis of the indication, HSS- effects are 
transient. ne-etssiLiling combination with crystalloids 

or colkudi to achieve long-term pe&osdlative goals. 

Effects of HSS should tie monitored by improvement in 
canttovucular parameters correlalcd with increased 
perfusion as well m by asHcssmenl of mean arterial 
blood pressure, dcctnx'ujdiogruin. and electrolyte*. 
Monitoring in aimed M preventing volume overload 
m& eleelrolyte imbalances that may occur u a roult of 
therapy. 

HSS use is contraindicated in hypcrniilremae 
puLi-ents or those ^ilh increased plasma usmolalily. 
Use in dehydrated animals i.\ controversial since these 
paLienls frequently su tier from iitCrefiv® in boLh 
parameters.. Studies that support HSS use in the pre^- 
eiKe 4 if dcliydrviiiLm uidudv ihosv hi which rgsUsCiLu- 

ikm with HSP of hypovolemic, duurbeic calves found 
this flKtbod to K r ai least m effective as others (Coo- 
stable rn al. 1996? Walker m al I 998), In animals suf¬ 
fering froni shock related to trauma and hemorrhage, 
two ikidilion^l pmblem-s, hypokalemia arid increased 
risk of lehejoorrhaging. may he of concern. Rehcmnr- 
ridge— bleeding caused by breakdown of clots til 
areas where hemorrhage his previously occurred— 
may be related to ihc sudden increase in cardiac output 
and arterial blood pressure associated wiLh HSS rorns- 
dUtjoa (Seherlcl and Tobias 2000). HSS may also 
dilj ute circulating coagulation factors and affect 
platelet function As with collokK these concernsmay 
only be of practical significance If the patient stiffen 
fro in preexisting coagulopathies or thrombocytopenta. 

Using a swine model of hemorrhagic dwckr Dubick et 
al. (1993} demonstrated thu.1 Lhe ciunbaruilitm of 7.5*ft 
NlO/6% dextran 70 did not significantly affect vari¬ 
ous- measures. of cuaguljltun and plateieL aggregation 
in their model, Studies continue lo address the pros 
and cons of HSS um! in various animal models and in 
id in kill patients (Knmu 1995)- Variation across, 
species lines, diilerecices lti phyBiological tiiuiin¬ 


stances of each study, and dilT'crcnt views of cent ver¬ 
sus benefit ratios may account lor differing conclu¬ 
sions no lhe overall value of HSS treatment 
HSS if administered most effectively in wmbinsiiion 
with colloids or oystallokk in ivder to optimize rrsus- 
dJative eflfKU, 5% HS5, at a dou of b 10 mL/kg. and 

7*7.5% HSS. liL a dott of ■+—H mL/kg, arc administered 

ill a r liLl: 41I I ml jlgi'iniili. Similar may he lived 

for USD, More rapid adniiniMraiiun rates may invoke a 
vagal■ medial cd hypt?ieii^i<isi. decreased heart Hite. 

hmnchi.ifrtnstriniiLin. and rapid, shallow breathing. To 

prepare 7% saline in 6% dexiraii 7C), XI.0 g Lhf anhy¬ 
drous sodium chlondc is added lo a 51K1 ml. bag of6% 
devtran 711- in 0.9 l Tv saline. Half tif the Medium chloride 
crystals are placed into the barrel til a $5 mi. syringe 
and an adequate volume of dextrin 70 sululion is 
drawn inCL>< the syringe Lu di&solve lhe ciystals. This 
solution m filtered thnw^h a Ck22 |im filter and is 
injected back inlu Lhe bag of dexlran 70. The pnexedure 
is repealed a second lime Lo dissolve the remaining half 
of the sodium chloride (Sohcncl and Tobias ZiKXl), 
Although a reported udvamage of HSS is presumed 
sterility due to hyperttinicity, St. lean et ak have 

demonstrated the ability of bacledn Lo utdapt and sur¬ 
vive in the hypertonic environment o-i - HSS <5t. Jean et 
al- 1997 Jl Hence. aNepLic technique consistent v-iLh 
handling of all intravenous fluids should be followed. 


SPECIAL TOPICS 

Horses, Horses present some special problems in 
acid-base nttUgfluni. In cases of severe dbflfaa, 
shock, and intestinal obstruction. Lhe horse seeing pre¬ 
disposed t» flUhef severe DKtlbDlic iddMli iWaterBiu 
1977k Respiratory iddosuiE a very COfNIKHI seiiiU. 1 ! r^i 
dond-dreuit inhabEicKn msttwsil in lhe horse. An 
.abni/Hrmally Low e-nnccntralinn of Nj‘ is a common 
problem in tilehyLlrjEed hiirses. Secere tiypL^kalemia, 
with hknid 1C* values Izse than 2.5-1 ml*jq ,r L. may 
require treatment with solutions high in K*. Duigauu 
hyperkalemia, with h-kanl Icvds preaLe-r Lhan appm-xi- 
matcly 7 mHqyi., may he iimralpd with acidosis in 
fnh. Pram pi correction of Lhe acidosis will usually 
correct the hyperkalemia.. 

Callk. Rummanls also present special fluid ujhJ elec- 
tnrlyLe management problems. When a diagnosis of 
ahomasal disease is coupled w iili an obvious fluid hal- 
ance disonkr, hypixhhipcinia, hypokalemia, and alka¬ 
losis jire usuiOy pretent These should he oonfimnd by 
appropriate lahoratLiry tests. Grain overloading will 
ccnll in severe dehydration and meLaholic acidosis. 

Call dlurbu alsu 1 resides In severe dehydnlfoo and 
metabolic acidi^is. with dangerous hyperiudemla in 
some caves, If hypertiiemia exists, one roust gieird 

against administration of even more K", When dealing 
with luerbivines, ii h Imporutfll to remembet that ihir- 
nial feed contains high levels of K + a When these ani¬ 
mals are anorauCtdiery fmquraUy become K* depleted, 
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The best way Eo replace K r deficits is by consumption 

of hay or grass, hui K + must be added paretUerally 
when the situation dictates, A wide variety L>f dec- 

ImlyLc iIilaIUtCk contaiining; K* art: availably for mal 


AiesActic and Surgical Effects, -General anesthesia 
may exert several effects on water, derLrolyte, and acid- 
base balance. Almost aJI general aieslhetici induce 
KMU degree flfCi* 1 channel blockade, re-vulLing in some 
degree of VasodiblfOfh and cnycxardml depression. The 
end effect can be a reduction in cardiac output and/or 
alterations in organ bkrad flew. Arterial pressures axe 
frequently towered in a dtosenlepeildeiH manner, and 
GFR may be affected. The cominoilly used irilniklion 
anesthetic agents thakuhane. eidlunmt\ am! isofluHMte) 


all cause direct systemic sasodilaEton. Nacoto mod 
son it 1 muscle (eluants also can cause ^asodilatiom As a 


insult of the YamtOfiJicn, fluid requirements may he 
increased during the course of ilk; surgkal procedure to 
maintain adequate blond pressure and cardiac output. 

After recovery from the general anesthetic, when vascu¬ 
lar lore is lUfijmnalLyed, Lhe patient may he volume over¬ 
loaded and hypertensive. Fluid loss may also increase 
during general anesthesia as a result of trachea! intuhu- 
iinn. and/or artirkiaL ventilation. Normal mechanisms lor 
the humidification of inspired air are bypassed, and the 
cold, dry gases from the anesthesia machine can cause a 
cunvitkruble amount of fluid toss. Open body cavities 
ill tow for evaporative Loses. Third spacing may occur 

with exfnwasaiion of fluid from the vascular to the 


emvasculin, flctn«lliila a ff ettravraaied fluid 

is replaced to maintain adequate circulatory volumes..the 
patient with inadequate cardiac reserve or poor renal 
function, may suffer fluid overload and congestive heart 
failure when postoperative redistribution of the fluid 
back into the circulation occurs (Gold 1992). 


Surgical injury can result in significant reductions in 
scrum albumin, total proLcin.s, and total lymphocyte 
counts. These decreases are typicalLy greater following 
abtkmrinal surgery. Tire decreases have been found to 
he primarily caused by the volume of IV fluids fre¬ 
quently required for resuscitation and to compensate 

for blood loss. 
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Chapter 25 prevents the physiological twsis for fluid 
and electrolyte balance* including discus! on of 
selected re rail nhiclkanisms for repulaiic^n of warar, 
sodium, chloride, potassium^ hydrogen, and bicarbon¬ 
ate. In this chapter these concepts will be emended in 
order to understand the mechanism of action, ihcrapeu- 
tie use*. and sick effects of diurelic agents.. The history 

of diuretics ilates back to consumption by Paleolithic 
humans of caffrine-cnnUuning planes, Besides xanthine 
derivative* such as calcine, osmotic diuretics were 
clinically impunam pew* to che 20th century. The use 
of mercuriul diuretics, nw fbcripetitkally obeoklc, 
began in the early I "900 k and was followed by intm- 

duetkm of the first modem diuretic, acela/ohiinidc. in 
Lhe mid-1950a. By the late I9$fh urtUl wirly I With the 
formulary of modern diuretics included chlonoihLajjctc, 
fu-rosemide, and potassium-sparing diurciies ihlorrison 
IW7>. These drugs and Lb dr relatives con si irate the 
mainsiays- of diuretic treatment. Although not currently 
available for clinical veterinary use, a new class of 
diuretic agents, aquarelles, have recently emerged iind 
will likely become clinically relevant. 

RENAL PHYSIOLOGY 

Nephron Function* Knowledge of renal anatomy and 
physiology is essential to undcrscandin^ the mecha¬ 
nism of action of diuretic drugs. Although a thorough 

review at thc*c topkt is beyond the scope of this tent, 
a brief overview of nephron function is provided The 
busk functional unir of the 'kidney » the nephron, 
which mutate of a filtering apparatus, the glomerulus, 
connected to 4in extended tubular structure that rcab- 
surbs and condhiHB il* glomeruli ultrafiltrate to pro¬ 
duce urine. Each kidney is composed of thousand* of 
nephron units, Eig. 26.1 is a schematic drawing of a 
single nephron unit, indicating the broad subdivisions 
of nephron segments <iftd the sites of aclinn of diuretic 
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Fly. 26.1-— LucuLiuns Hi lhui Ehe miphniii. where diuretic -agenlK esrrl Uiirir l'IFulMs. 


♦^igents. This diagram provides ihc simplest nomencla¬ 
ture For nephron segments. As biowlcdi^-of Ihc Funt- 
linn and epithelial morphology of each segment has 
increased, she tubular portion of the nephron has been 
subdivided into approximately 14 shorter segments 
referred to bv a standardized nomenclature (Khz and 

Kaissliof 1992). 

Formation of urine starts in the gkwicrulu's* where a 

portion of pla&ma water is filtered through fenestrated 
glomerular capillary endothelial cells,, a basement 
membrane, and. finally, filtration slii diaphragms 
formed by the visceral epithelial cells Lhat cover the 
basement membrane on its urinary space side. The ti I - 
trale collects in Bowman's ipaxe, a doublc-wailed 
inva^innEiLm ih;ii Inn™ a cup BRnmd i he glomerular 
capillaries, Fran Bowman’s capsule the filtered fluid 
passes into the proximal tubule and begins its passage 
through live renal tufewLaf ayswm. Small solutes arc 
actively filtered with plasma water while larger ele¬ 
ments-, such as protein and macromoleeules, arc 
retained by the glomerular filter. The rale of filtration in 
each nephron f referred to as the single-nephron 
glomerular filtration rale, SNGFR) ls a Function of 
hyditrelatk pressure in the glomerular capillaries (l a rM h 
hydroslatic pressure in Bowman's space or lhe proxi¬ 
mal tubule tf 3 h mean colloid osmotic pressure in the 


glomerular capillaries (tl^ colloid osmotic pressure 
in the proximal tubule IT],), and Lhc ultrafillrution eoeF- 
tleienl (A - ,). The relationship between these forces is 
summarized by lhc following, equation: 

SNGFR - - FJ - tn^ - rp] 

This equation is usually simplified by defining i\. 4 - r t 
as the iranscapillary hydraulic praam difference (AF) 
and clmriiiiiiiiiig 11, since little proieiti is filtered Hence 
the equation below becomes the mosl useful expres¬ 
sion: 

SMGFR * Kji&P - 

Whereas K, is determined by Lhe properties id' the fil¬ 
tering membrane, £kP i% primarily determined by Lhe 
proportion of arterial pressure conveyed io the 
glomerular capilliiries. As resistance changes in pre- 
flftd pcpstglnfinciglar vessel*, AjP varies., The pressure 

11^ depends upon the concentration of protein in llte- 

rial blood as well as lhc actual Flow of blood to the 
nephron. SNGFR is an important parameter lhat may 
affect. or be affected by, the action of diuretic drugs. 

UllraFiltrate from Lhe glomerul us enters Lhe proximal 
tubule from Bowmiuf 5 capsule. By the lime urine exits 
lhe distal tubule and collecting duct, better than 9991 of 
ultrafiltrate volume will be reabsnrtH-d, Fig. 26.2 (left 
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'TABLE 26. L—Yppmxiinule reiul tubular reahsorplicm (9fr) mf filtered sohslanets 



Pro Kind tubule 

Thick ascending 

1 mlA> of 13 l' slid's Ik&cip 

1 ihslaJ luhulu 

Ml reah^irplion 

(all ■kL'gmciith 1 

HjQ 

m 

20 

19 

99 

m a 

60 

34 

6 

100 

a 

55 

35 

6 

99 

K + 

m 

25 

-5 

90 

hco i 

90 

0 

10 

100 

cr* 

*0 

.10 

9 

99 

HKJ 

70 

10 

0 

ku 

Mi 4 * 

30 

6TI 

0 

90 

lim 

Reabsorbed 

Scereied 

keub^tcflicd 



column.! summarize* ihe dtovictaiilics of reabsorptioai 
in broad sections of dc ml tubules. The thick ascend¬ 
ing Limb of the loop of Henlc is of partipular importance 
since this ls the site of action of the mas I potent dimeric 
drugs. Approximately 25% of filtered solutes are icab- 
Bdfbfid in (he loop of Henk, und most of Lhts reabsorp- 
Linn MOuri in the thick ascending limb. The thick 
ascending limb also makes .-\ critical conUicL with the 
afferent anemic fhrcmgh a cluster of special i zed epithe¬ 
lial cells referred to m the macula den&a. Hie macula 
densa monitors ihe Natl concentration in filtrate tail¬ 
ing the loop of Henlc. Together with eUraglomerukr 
mesangial cells and renin-producing eel I s of the 
glomerular arterioles, these components farm the juxLa- 
gloiiKTular apparatus. A high concentration of s.lIi in 
tubular fluid prompts a signal to Ihe afferent artemile 
causing conMrktion and decreused SNGFR. This. in 
esimbinjuicMi with other responses, eonssicuies the lubu- 
Uiplornemlar feedback mechanism dial protocis- the ani¬ 
mal from salt and water wasting. Aternativdy, exces¬ 
sive ■volume expansion causes Ihe macula densa to 
inhibit renin release from the juxia^lomerular cells, 
leading to dilatation of the afferent arteriole. Because 
ihe ascending loop of Henlc is poorfy water permeable, 
tubular lluid at Lhe end of this segment is diluie despite 
the presence of renal inters! itial (issues with increasing; 
wiwUily toward the medulla The renal insendjtial 
eoncenlxaiion gfsidteitr, amp lifted by (he countercurrent 
mechanism, provides the driving force for passive water 
reabsurptom laier in the nephron. The collecting duet 
system described in Fig.. 26.2 includes the cotmecung 
Luhule (hIbo referred lo as Ihe Late distal iuhiile). which 
is responsive lu aWu*4erone. If extracellular fluid (ECF) 
HvJium concentrations are- too low. aldosterone is 
vtigKfled v causing increased sodium reabsorpikm in the 
connecting tubule. Vasopressin, alvu referred In as argi¬ 
nine vasopressin (AW) and antidiUreiie hormone, is 
secreted when plasma osmolality is, elevated or ECF 
volume contracts. Stimulation by vasopressin leads to 
TeceplOC-mediawd opening of water channels in Ihe cal¬ 
led ing ducts with subsaquem retention of water and 
expansion of ECF volume. In general, modification of 
filtrate as it passes through she nephron Ls controlled at 
|wo different levels Systemic regulator, mechanisms 


and effector hormones such as renm-angiotensin-al- 
dosternne, natriuretic peptides, and vasopressin ensure 
the balance of -sail and water mctaholism. Cellular feed¬ 
back loops and glomerulotubular balance modify tubu¬ 
lar function and influence single-cell homeostasis. 
Diuretics may inEericre al either or both lev els to cause 
increases in sail and water excretion. 

Renal Epithelial Transport and) Secret ion. Jast as 
knowledge of functiulliil renal anatomy has increased, 
sc? hm understanding of cellular iitediiinisms for inins- 
psn of folules acims renal epitheliums Sirica the early 
I991L, many km. transporters and cocransporters that 

serve as 1argd> far diuretie drugs have been cloned and 
characterized at ihe molecular level (Xu ci al. 1.994; 
Garntra cl al. 1993. 1994). Fig. 26.2 (righi column) 

summarizes Lhe general mechanisms for renal epichk:- 
liul transport in different segments of lhe renal luhules. 
Table 26.1 provides approximations of percent renal 
tubular reubsorplion ul selected substance* by nephron 
segment 

In addition to ion transpurl mechanisms lhe kidney 
al so has highly effective and separate transport systems 
far movement af organic acids and buses, Energy from 

ATT-driven active transport is used to establish gradi¬ 
ents for &c c und a ry active transport of hath aiiuwsi and 
cations. Families of proteins representing both anion 
and ration transporter* move a wick variety of related 
substances. While these transporters have flexible 
stereospecificity, structural feature* of anions and 
cations ihfli are efficiently transported have been iden¬ 
tified (Jackson 1996). The presence of union and cation 
transporter* is essenti-i!.! for rtrasl highly protein-bound 
diuretic drugs to gain tco^ to their site of action, the 

Lumen of the renal tubule. Loop and Thiazide diuretics 
and acelazolam ide are secreted through the organic 
acid pathway, and nvnilorkbs and triamterene via an 
organic base Iranspnrler iBratcr 1998). Renal in suffi¬ 
ciency accompanied by reduced creatinine clearance 

decreases delivery of diuretic drugs to their secretary 
site and hence to their site of action. Accumulation of 
endogenous, organic acids during chronic rend failure 
may result in competition w ilh diuretic for transport at 
proximal tubule secretion sixes (Hotter 19935, 
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PHIMIPIKS OF DlL-kElIC USE 

Overview,. The current therapeutic pcwil nF diuretic use 
is increa&cd cxcrctinn or sodium followed by water. 

The dogiw of sodium lews in the urine freferredl to ah 
natriurcsis nr. in tiomhiMtion vkh chloride. stktmis) 
VMkfl with ihe mechanism csf KtkH of die drug All 
cxrept osmotic diweda inhibit Ipdfk enzymes, 
tnupofl pnneins, hormone rcupOn, or inn channels 
[hut Auction, directly nr ndUKtiy, in renal tubular 

sodium rcabwirption. Although salurcsis is (he primary 
cli moi‘1 goal. diuretics also -idler elimination of uglier 
ion* to vary ing degrees (tg, K% H% Cl l+ Il Mg 7+ + CT, 

HCO l P phuhphaiesi and may affect renal hemodynam- 

ick. Diuretic-induced depletiun of tire daring hluod 
volume muy lead lo AdvdnK effKtt if therapy is OH 
well monitored. For example, in paEienls with chronic 
hepatic disease hypoalbumincmia Lead*■ to a decrease in 
plasma colloidal osmotic pressure and shifts in fluid Lu 
ntiier spaces, Even a small diuretic-induced decrease in 
arterial perfusion under these circumstances may lend 
to severe exacerbation of dime. OldvT animal* and 
those with cardiac or reftiil dHse are aNi xu increased 
risk fw advene effects if diuretic-induced hypovolemia 
gm iLiitreated- Because ihe*e groups are also Ihe pri¬ 
mary target groups tor diuretic use. rational use of 
diuretic drugs is essential. Table 26.2 Mimmari/tf* 
selected features of diuretic drugs most commonly 
used in veCcrinary medicine. 


Edema Forvuuliuit. The most common indication for 
diuretic use i* mohilizul ion of tissue edema. Under¬ 
standing the physiological principles underlying edema 

formation depends upon an understanding of net capil¬ 
lary filtration (hoc Chap. 2S and Ihe equation above for 
SNGFR.I. Net capillary filLratkni (NF). or fluid flux oui 
of a capillary, is tkpendeni upon Starling, forces inside 
and ouis-ide the v^sa^I NF is determined by the differ¬ 
ence between which represents the hydraulic 
pressure inside the capillary lumen minus Ihe hydrt*- 
*>lalic prepare pi ihv intenlftil) llii i ilL, uiuL AFI b repre¬ 
senting ihe owotic pressure inside ihe capillary minus 
ihe oncotic pressure in ihe interstitial fluid. This value 
multiplied hy a filtration coefficient (A.L representing 
like penaeabOky of ihe capillary wart, predict* ihe 

movement of fluid info and ouL of the vusculur com- 
pajTmeni. 

Normally tlic flux L>f fluid out of capillaries is 
equaled hy the lymph flow away from the qlt If flux 
exceeds flow, edema results. A simplistic explanation 
of edema formation slants with u decrease in plasma 
oncotic pressure (hat leads lo loss of intravascular vol¬ 
ume to the interstitial space. The loss of ifltnvucullf 
fluid leads Lo decreased plasma volume, which l^uds Co 
renal salt and WfltiGf relenricm.. EventUAlty vail IHfod ^aiCr 
KteotiMI CflUBH increased plasma volume, increased 
ptwma hydm*caMc pressure, and increased flux of Ituid 
oui of the capillary; resulting. in accumulation of edema 
in the jnterstitium. In veterinary medicine ihe most 


TABLE 2k 1—Summary of diuretic drugs cntimutily used In veleriiwry medklne- 
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common csmes of edema we cardiac (usually conges¬ 
tive hurt Mure; CHF), hepatic and rental disease, 
ClfF causes decreed cardiac output and decreased 

renal IiIlkhJ flow, leading lo Mji vaiton ini' the reiimi- 
■B^otcnstn-aldcrateronc system followed by renal 
retention of bill and water. High barorcceptLKr activity 
causes increased peripheral vnscidlr resistance and 
increased vasopressin,. which lead Lo further sail and 
water retention by lhe kidneys, Increased central 

venous pressure caused by increased left ventricular 

end-diastolic pressures cause imcreased capillary 
hydrostaiic pressure. All of these factors lead Lo greater 
fluid flux oul of vessels, resulting in edema related to 
cardiac: disease. 

Diuretic: loteranee. This phenomenon has been best 
described in humans and can occur to I lowing short- or 
long-term administration of diuretics. .Short-term lokr- 
iiu, or diuretic braking, refers to a decrease in 
response lo diuretics follow ing administration of the 
first dose. Although the mechanism for braking is 
unclear, it may he mediated hy sympathetic respond 

sivevKss and activation of the renin-anghitensin-alcbri- 
steronc system, both of which acl to restore circulating 
volume. Cither mechanisms may include clec.Tea.sed 
arterial blood pressure, which reduces p res sure-nalri- 
uresis, or alterations in atrial natriuretic peptide. Brak¬ 
ing can be prevented by restoration nf dLurelic-i induced 
tdune loss. Long-term use of loop diuretics may 

cause hy pe rt rop h y of distal nephron segments that are 
coniiiiuiilly flooded with higher-than-nmruil concen¬ 
trations of sodium in tubular fluid, As distal segments 
hypertrophy and expression of renal epithelial trans¬ 
porters increases, more sodium is reabsorbed distally,, 
blunting the initial saluretic effect achieved at the level 
of the loop of Henle. This form of tolerance can often 
be overtome by combinations of thiazides and loop 
diuretics that effectively block sodium reuhsojplion in 
bod) the loop of Henle and the distal nephron. 


INHIBITORS OF CARBONIC ANE1YDRA5E 


Lliemistry/l'nirniulutkins, This class of drugs was 
discovered as a result of the observation that sulfanil¬ 
amide ebeuiolhenipeulic agents were capable of caus¬ 
ing metabolic addons by inhibition of carbonic sinhy* 
(CA). Screening of sulfani lamides resulted in 

identification of compound* whose predominant mech¬ 
anism of action was CA inhibition, These drugs have 
been used sparingly in veterinary medicine as diuretic* 
and arc more commonly used for ophthalmic purposes 
(see Chap. 5S). The prototype dreg in this etass, arcla- 
Z-olamL-de tDiumox 8 . Llazamidc 1 ^ ) E is available in tablets 
{125 rnd 250 irlg), extended-release capsules- f54.KI mg), 
ajwd Lnjeetabk (500 mg per vr;d) r Other CA inhibitors, 
include preparation* for oral DK, dkhlorphenamide 
iDananidc*) and methazoLamlde (bteptazane"), ujkd u 
recently approved topical dreg, dor/olamide tTre- 

wpt*) F for ophthalmic use. 


Media nkni* and Sites of Action 



RiMAl Mechanisms. Drugs in litis class are active 
in the CA-rich segments of the nephron, in particular 
the proximal tubule. Noiicompetiftiw, reversible inhibi¬ 
tion of CA located in the luminal and baso-latcral mem¬ 
brane* (type IV CA) as well a* in Ihe cytoplasm (type 
11 CA) results in decreased formation of carbonic acid 
from CO and H .C> (see Fig. 26.2 and equation below): 

“ + H* +4 H ,CO. 4-* |LO + CO, 

?’ I 3* T: 2 

Reduction in the amount of carbonic acid yields 
fewer H" within proximal tubular cell*. Because H" is 
normally exchanged lor NT from the tubular lumen, 

less Nr is. reabsorbed and more is. available to combine 

w iih urinary HCTT. Diuresis as established when water 

is excreted with sodium bicarboiiuue. As sodium biear- 
hodkate is tfappjd in the urine arid eliminated, best 
HCOj is returned to plasma, and a systemic acidosi* 
eventually develops. As a result of the systemic acido¬ 
sis. H' heenfnes available, Na" reabsorptinn is reestab¬ 
lished, and diuresis decreases. Continual use of CA 
inhibitors is therefore self-limiting in terms of diuretic 
aciicpn, Diuresi* induced by CA InUbiEOTN h mild due 
to incomplete inhibitinn of CA, redundancy of Na + 
transporting system* in 
of Na" by rcahsnrprion later in the distal tubule. 
Becau.-sc intracellular K 1 can, to some extent, substitute 
for H' in the Na" reahsorplion step, CA inhibitors cause 
enhanced K r excretion. A* more Na" is presented to Lhe 
distal tubule, Lhe potential for K' wasting increases. CA 
inhibitors also decrease secretion of titraLablc acids and 
ammonia in the cotleclmg duc t (Jackson 19961. For this 
reason, iind due to the increased excretion of Medium 
bicarbonate, urine pH iineroses despite Lhe decreasing 
sy&iemie pH associated with CA-mhitutor-induced uci- 
dod*. This eljaAs of drugs has, link, if any. effect on 
excretion gfCa 2, and Mg 2a but doc* enhance phosphate 
climinatkifk. 






Extra renal Act-ions. Other actions of CA 

inhibitors are related to the wide dislnhulion of CA in 
tissues including lhe eye,, gastric mucosa, pan¬ 
creas. central nervous system (CNS), and red] blood 
cells. The most important tlwrapeutie consequence is 
associated wiih CA inhibition in the eye. The ciliary 
preoeases of the eye mediate Hie formation of aqueous 
humor, which amUins iui nhundumee of HCO Tikis 


process is CA dependent and. when inhibited, leads, lo 
a decreased rate of formation of aqueous hurucpcf and 
subsequent reduction in intraocular pressure. Although 
noL iherapeuticaJly relevant in veterinary nkcdleine, CA 
inhibilion in Ihe CNJi has been associated with anli- 
convulsaju actions attributed to this cLass of drug*. 


Ab^rption and l lirninalkm. Limited inlormatLon is 

available regaidiilg i^iiJjiUucLikijR'tics of CA inhibitors 
in aniiiua]*, Acxfla/olamitk gains uccess to the renal! 
tubule* via the organic acid secretkifi pathway. A itose 
of 22 mg/kg is reported to have an onset of action of 
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30 minutes, maximal crtT«:Cs in 2—\ hours. and a dura- 
lion ol action *f 4=6 hours in small animal* (Roberts 

I^Sf, Oral obftHpfkn of drop in this, clan is good 
AceuitolainUJe ia elintiriaied primarily shruugh the 
Udtaeyi. 

Toxicity* Adverse I-IVliLh, 1 untrajiidicaliiiii*, arid 
I >rug Ini L L mrliiins, Because CA inhibiRKTs are sulfon- 
imudc derivatives. side effects irommcmly associated 
with sulfonamides cun occur. CNS drowsiness and dis¬ 
orientation may occur as a result of inhibition of C“A in 
the CNSi. Because CA inhibitors decrease ammonia 
excretion., the severity of preexisting hepatic disease 
may be worsened and he pm tic encephalupalhy can be 
induced. Use in also contraindicated in palienls with 
elecCrolyle disturbances i.due to K” and SNa" wasting]! 
aihJ dUtt with metabolic or respiratory OtktosiSL Use ill 
fMtiertCs will* KVffi pulmiutory diseiLM 1 Vv|k» CUADt 

respond to drug-induced metabolic iKtidosi* with respi- 
Mery ooopwBi tiM is abo vLMitfttindieated. Because 
CA inhibitors alkalinize the urine, calcium phosphate 
calculi formation is enhanced, and excretion of weak 
organic bases is reduced. Kane Mood dyvcnnw associ¬ 
ated with CA inhibitors have also beer reported in the 
human* hut nol lhe veterinary* lilenilure. 

Therapwtk 1?ms_ The primary indication for usjc of 
CA inhibitors is lu inhibit production of aqueous 
humor and reduce inlraocular pressure. In veterinary 

medicine, acctwhuDlde (10-30 mg/kg divided and 

given iltrw daw daily) and meLhazolamide (2-10 
mg/kg given 2—3 times daily)) are used in dngs for man¬ 
agement of glaucoma. A one-time IV dose of aeetez-tv- 
lamide (50 mg/kg) has been reported for management 
of acme glaucoma. Melhajolamade is often preferred 
over iLcciaaolamidc for long-term glaucoma therapy 
due to fewer side effects. CA inhibitors are also ilscJ 
prenperalively to lower ocular pressure. 

A reccnLly approved topical CA inhibitor, dureo- 
lamide (previously referred in as MK-5U7). offers sev¬ 
eral advantages fur ircatmcfti of increased intraocular 
pressure iMindel IW7) fc Akhough systemic CA 
inhibitors. are effective at decreasing intraocular pres¬ 
sures, use oF Lhe w drugs is often accompanied by unde¬ 
sirable side effects (see above). Compared to odwCA 
inhibitors, one drop of a 2% ophthalmic solution of 
dorroloaride administered dm rimes daily has limited 
fyiMuc effects, Ocular side effects may include a 
slinging or burning sensation in the eye as reported in 
human medicine and development of an allergic 
response to the drug. Dor/olsm idc lacks the cardiovas¬ 
cular and pulmonary side effects that can occur wilh 
other Irealmenls for increased intraocular pressure 
a.w»ciajlcd with glaucoma (e.g., beta blockers, cholin¬ 
ergic agonists)- Dorzolamide has been used in Che con- 
Iralaleral eye of dogs with primury glaucoma to prevent 
developmcnl of bilateral -disease and Iul\ been used to 

Ireal secondary glaucoma in dogs and cal.v. Donco- 
tamhfe h probably not effective in acute closed-imgle 
glaucoma. A frequent side effect reported In humans 


medicated with topical dor/olamich: its Che presence of 
a baiter or metal-like tasle postmedication. [bis is 

apparently luodafed with drug-laden lacrimal fluid 

draining into Lhe orophiuynx and causing inhibition of 
CA and accumulation of bkajhonaLc (Mindd IW), 

In human medicine, C A inhibitor have been used as 
an adjunctive therapy for epilepsy and in management 
of acute mountain (high-altitude [ sickness, tn hoLh 
human and veterinary medicine, ihe use of CA 
inhibitors a> diuretics has limited effectiveness due to 
lhe rapid develnpmenl of tolerance. Theoretically, 
acctazolamidc could be used lo manage metaholie 
alkalosis, hut this is not a typical clinical practice in 
veterinary medicine. 


OSMOTIC DIURETICS 

Cbamiilryffftrmuliti®#!^ Sohitkru used us omotic 
diuretic* cumin simple whiles of low molecular 

weight that have an increased osmolality relative to 
plasma. These substances are lypieally Indy filtered 
by the glomerulus, undergo limited tubular neahsorp- 
Cinn. and are pharmacologically inert. The most com¬ 
mon osmotic diuretic is nlunrulol. a six-curtH.nL immiMj- 
taholizahle pnlyalcnhol with a molecular weight of 
1H2. Other agents include glycerin, isosorhidc, urea, 
and hypertonic saline solutions^ Because iibunnitol is 
the most commonly used osmotic diureLk" in hoLh 
human ;uid veterinary medicine, suhsequem discussion 
will focus primarily on Ibis drug. Concentrated manni¬ 
tol (1 S-2Sft) may crystallize al ctvoler temperatures, in 
which case the drug can often he resttiuhilized by 
warming the solutkm. Prior to administration, the solu¬ 
tion should be cooled and any remaining crystals 
removed using an in-line intravenous (IV) tiller. Veteri¬ 
nary-approved mannitol, LTSP, for IV use in dogs con¬ 
tains INCP mg/rnl. (*M) mOsm/l.S: human products 
(OsmiLrol^ ReKCttfidf) ranging from 396 (275 
mOiiufL) m 25% (1375 tnOtm/L) are available for IV 
administrackto. 

Mt cbaniKnih and Sites of Act ion. Hyperosmolar 

ftoivtkm ueit (^irt of their effects by establishing un 

u^nhUic grudknH b^cweciL plasma and Lissue water 
comportments. Acute effects rtf ibis gradient include 
decreases in hematocrit., blood viscosity, plasma 
sodium, plasma pH. and, to BAdtt degree, the vohuae of 
solid organs. Hence, parenchymal dehydration and 
acute hemodiluCnm are theoretically rented as long u 

the otuuticaDy active pari ides arc effectively sepa¬ 
rated by a relatively dilute I mper me a ble hjurier. 

Renal MfiCHANISMS, Initially osmotic diuretics 
were thought Lu act primarily ai the level tif lhe proni- 
imil tubule by limiting the movement of water from the 
lumen into the imerstiLial space, Water rctamed in Che 
tubular lumen diluted cofloobilions of sodium jjihJ 
Other ions, reduced ion reabaorptUfl. ami pmnnued 
diuresis, It is now held Itiaf osimitic diuretics, in |iartic- 
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ular nunratU.lL have effects throughout the length off Lhe 

tubule, with the most proctainem action occurriiig in the 
llnop of Henle. Sodium. reabsorption is markedly 
reduced an (he descending and Lhin limbs of the loop of 
Henle. as determined by studies in dop and nils. 
Sodium Load 10 the I hick ascending limb of (he loop of 
Henle and lo Lhe tlislaJ tubule is consequently increased, 
hul Lhe nephron fails to recapture the increased loads of 
salt and wafer.. As demonstrated in (tie dog, sodium 
reabsorption is also thought to be directly inhibited m 
ineduilar> ! collecting duels (Better « ul. 1997). 

Other reported renal effects of mannitol include 

increases in cortical and medullary Wood flow due to a 

decrease in renal vascular resistance, impairment of 
urinary cornu union, dilution by dissipation of 
medullary hypertonic ity, am increase in GMt during 
renal hypoperfusion (may vary according to species), 
and yci increase in urinary excretion of 01 her elec- 
(rolyles, (e,g„ K\ Ca 14 . Mg"% phosphate, bicarbonate) 
(Better et al. 1997). Mummied may also prompt (he 
release of alrial natriuretic factor (ANh") and vusodila- 
tory prostaglandins. Inhibiliou of renin release by man- 
nltnl has also been described. 

EXTFtAkENAL MECHANISMS. The actions of mannitol 
extend beyond the nmiil effect and include changes in 
Hood rheology, direct Iransient effects on vascular tone, 

and increases in entire output. In addition to decreas¬ 
ing the htmaltKiriL by hemodilulion, mannitol decreases 
Lhe volume, rigidity, and cohestvcncss of red blood cell 
membranes. Tbe combi nation of reduced viscosity and 

reduced raedmtcaJ Rstatance presumably’ leads to 

enhanced Wood flow. Mannitol-induced increases in 
cardiac output are thought to be related to reduced 
peripheral isistance and reduced aftertoad, a transient 

increase in preload, and mild positive iudopy. Marini - 
tol may also exert a cyBOpfOttCLive edict by acting as un 
onygen-free radical scavenger (Paczynski 1997), 

Absorption and klimtnalion. Mannitol is not metab¬ 
olized and is handled as an meet substance by (he body. 
Studies in dogs and humans indicate that mannitol dii.x- 
tri button and elimination follow a Ewo-conipajtmenC 

model (CLoyd etui 1986; Rudehill el aJ. 1993). The dis¬ 
tribution half-life of intravenously administered inamii- 
lol is measured in miniiLtv Elimination half-life is dose 
dependent and ranges from 0.5 to 1.5 hours few doses 
between 0,25 and 1.5 g/kg. Mannitol is eliminated rap¬ 
idly by (he kidneys unless renal function is impaired. As 
a result, penetration of mannitol into tissues is limited 
by rapidly failing plasma concentrations. Mannitol and 
urea arc administered iruravcnousLy in a alow bolus over 
15-30 minutes. Glycerin and asosorbide arc adminis¬ 
tered orally. Of the available osmotic diuretics, only 
glycerin is eliminated by hicriransforniatkm. 

Adverse ElVecti and Drug Intetretloni 

Acute Adverse Eki-ects, Pulse pressure and mean 

arterial blond pressure usually increase transiently with 


mannitol udiniiti si ration. However acute hypotensive,. 

hyponatremic effects of mannitol administration have 

been reported, especially subsequent to rapid infusion 

in dehydrated individuals. The fnechflAhm for this 
acute vasodilatory effect is not well understood, but lhe 
problem can largely be prevented by appropriate rates 
of administration (0.25-1,5 g/kg over 15-30 mm). 
Acute hyponatremia may account for the nausea and 
vomiting EtuE are sometimes observed wiLh mannitol 
infusion, Rapid expansion of plasma volume related to 
attraction of fluid into the vascular compartment may 
precipitate CHFor pulmonary edema in certain patient 
populations, However because the drug is cleared rap¬ 
idly thi s problem Ls not common unless renal function 
is impaired. 

DeIIYDRATKIN AND El_§ilTI« JL.YTE DISTURBANCIiS. 
Because the ratio of the volume of fluid eliminated in 
urine to lhe volume of mannitol administered is high, 
care should be taken lb avoid hypertonic dehydration. 
Circulating plasma volume tends to he preserved as 
hypertonic dehydration develops, making it harder to 
clinically detect that a problem exists. Hie presence of 
dehydration and significant hypeniiUremia should he 
closely monitored using body weight, urine output, and 
other clinical parameters. In addition 10 hypertonic 
dehydration, loss of other elecLrolyLes. including polas- 
sium, phosphate, and magnesium, can lead to ehmcally 
significant cardiac arrhythmias arid neuromuscular 
cumplitabons. 

Hvpr.Rnis.vioi.AR State and Osmotic COMPENSA¬ 
TION. The phcDomcfioa of osmotic compensation 
occurs when cells respond to prolonged treatment with 
a hyperivsmolar agent by incraing the presence of 
intracellular. idiogenic osmok*. Compensation is 
thought to occur rapidly when the osmolality of plasma 
is, increased by 25 inOsmAcg cw more above normal, 

Newly generated, osjnoUcally active intracellular parti¬ 
cles counteract the dehydrating effect of hyperosmolar 
plasma. Osmotic compensation can Limit therapeutic 
effectiveness, by decreasing the osmotic grudicrtC from 
Tissue to plasma. Increas'd intracellular osiitolaricy 
may also promote conditions, especially in Lhe br-iiin. 
where iatrogenic edeirtii may occur. The risk of edema 
formation is increased if a hyperosmolar scale is 
reversed rapidly, leaving the Lniracellulai usinntcs as- 
lhe- most osmotieally active site. To prevent (his com- 

Ud 

plication, the duration of return of plasma to normal 
osmolality should he approximately equal to the dura¬ 
tion of the hyperosmolar state. 

Rebound Phenomenon. Rebound intracranial 
hypertension has been defined m a significant increase 
in tension of cerehmspinal fluid following a period of 
reduction in cerebrospinal fluid tension caused! by 
administration of hypertonic solutions. The rebound 
phenomenon is thought to be caused by penetration of 
osmosically panicles into brain tissue, thus 

creating an osmotic gradient favoring the inward 


py righted 
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movement of water and edema formation, In the case 
of the blood-brain barrier (BBB), tonicity, nr osmotic 
eflfcctivetsess. earn be expressed usi tig an osmoLLt- 
reftccliofi coefficient for a given dilute. The ideal 

osmotic agent has a value of I, and a fully permeable 
agent exert-s no ddffiOtfci force and has a value of 0. It is 
relevant to note thaL the liBB is much less permeable Id 
sodium. chloride, and mannitol and relatively morc 
permeable to glucose and urea (Pncrynski (997). 
Hence if urea penetrates brain Lissue and the eoneen- 
Irjtkm ol urea in the plasma suhrsequeniily decreases, 
Tissue urea becomes the must attractive osmotic draw 
and a likely site for iatrogenic edema formation. The 
incidence of true rebound phenomena is unclear and, as 
with Ollier Ad verse effects of osmotherapy- may often 
be prevented by cautious use of hyperosmolar agents in 
patients with renal impairment or fluid imbalances, 


i cmtraindicalions. The use of mannitol in patients 
with ongoing iilCracrantal hemorrhage, anuric renal 
failure, severe deliydraLkm. or pulmonary Congestion rn 
edema is cufitnnindicaled. 

Adeqnate fluid therapy should be administered to 
dehydrated animals prior to administration of mannitol. 

Mannitol should not be added to whole^Mood products 
unless at least 20 mEq/L of sodium chloride is added to 
the solution; Otherwise, pseuduagglutiniLtion may 
occur. 


Therapeutic t'ses. Mannitol h used! in the prophy¬ 
laxis and treatment of renal fai lure, for the reduction 
of intracranial ami intraocular pressure, and with 
other diuretics to mobilize edema. For reasons already 
discussed, short-term use of mannitol is most effec¬ 
tive to prevent adverse effects and decreased thera¬ 
peutic efficacy. 

Prophylaxis, of Acute Renal Faflure. Anuric 

paLtents should not he routinely treated with mannitol.,, 
although a small (0.25-0.5 g/kg), single test dose may 
be used to try and induce diuresis. Administration of 
mannitol to patients with renal dysfunction must be 
done tiuiciously to pnev^iK problems associated with 
decreased elimination and prolonged hyperosmoJaliry. 
Acute renal failure (ARP) may be caused estnnsically 
fpre- and postrenal failure) or intrinsically, often asso¬ 
ciated w ith acute renal tubular iKcroris (ATNX Manni¬ 
tol has been found to be effective in limiting the 
decrease in GFR caused by ATN if admdnisbered before 
the ischemic insult or exposure to ncphrotoxins r Pro¬ 
tection of tubules from necrosis may be due lo dilution 
of nephrotoxic substances, reduction of swelling of 
tubular dements, or removal of tubular casts that are 
obstructing urine flow. In human medicine, mannitol 
lias been shown to be dearly beneficial in the preser¬ 
vation of kidneys for trunsplanl and for decreasing the 
Incidence of pttsto^msplaut ARF. Fewer data are avail¬ 
able to support the general Value of mannitol for treat¬ 
ment of ARF outside the area of transplantation (Better 
ct al. 1997),. In vascular and open-heart surgery. pn> 


phyladic mannitol maintains urine flow hut not GFR. 
Some evidence suggests (hit mannitol administration 
in patients with established ATN may increase the con¬ 
version of oliguric to nunoliguric patients (Levinsky 
and Bernard 19*8), 


Reduction of Intracranial Pressure. 

Osmotherapy has: been used for decades to decrease 
Uilfscnnial pressure (TCP)- Reduction in ICP is rapid 
and usually appears within minutes of completion of 
administration, with uuLsimum effects within the hour 
Several theories have been fonnuLatod to account for 
the effectiveness of mannitol in reducing ICF. The 
osmotic theory holds chat brain shrinkage occur as a 
result of osmctocally driven movement of fluid from 
tissue arid into the vascular corn part merit. Sensitive, 
high-resolution imaging methods seem Lo support the 
significance fflf osinoticaJly induced changes in brain 
water content (Betz ct at. 1989). The hemodynamic 
theory of ICF reduction states that cerebral Mood vol¬ 
ume is, decreased as a result of decreased blood viscos¬ 
ity and increased cerebral perfusion pressure, both of 
which act tn enhance oxygen delivery to the brain. 
Increased oxygen delivery to the brain is thought to 
trigger a compensatory reduction in vascular caliber 
and secondarily a reduel ion in cerebral blood volume. 
Detractors of this idea suggest dial mannitol is just m 
likely to decrease blood viscosity as a result of homo- 
concentration secondary to hypertonic dehydration. 
While attention to lluid replacement should prevent 
dehydration, it has recently been suggested lhat alter¬ 
native agents, such as hypertonic saline, are safer and 
equally effective m reducing ICF HyperlOitte saline has 
been shown to establish a strung transendothelial 
•osmotic gradient but without the tendency to reduce 
intravascular volume (Prough and Zomow 1998). 

Finally, the diuretic theory of ICP reduction suggests 
that mannitol-induced decreases in central venous pres¬ 
sure translate directly to decreases in ICP due Lo the 
val vcless comnmunicatkm belwen the central venous 


system and the jugular drainage system. This effect 
may be more important in susiaiiiang. rather than induc¬ 
ing, a decrease in ICP (Pjezynski 1997). Regardless of 
die theory, mannitol] has been used for temporary 
reduction of ICP in patients with a variety of intracra¬ 
nial lesions as wdJ as those with spinal cord trauma 


and edema. Evidence of ongoing intracranial hemor¬ 
rhage is considered a contraindication for mannitol 
administration. 


OTHER Uses, Osmotic diuretics have also been used 
successful I y to control intraocular pressure during 
acute glaucoma attacks and to reduce intraocular pres¬ 
sure before or after ophthalmic surgery. Decreases in 
intraocular pressure occur by loss of intraocular water 
to hyperosmolar plasma. As the vitreous shrinks, the 
Jens moves posteriorly and the iridocorneal angle 
opens, improving drainage from the eye. The duration 
of action depends upon the degree lo which the osmotic 
diuretic is excluded from ocular fluids. Mannitol is 
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reported to increase retinal oxygen tension and is used 
at a dose of 1-2 g/kg at a rale oi' ] mL/kg/min to reduce 
iiLlrjLK:uliir pressure in dugs. 


IN HIBITORS OF NA *-K-2CL SYM PORT 
(LOOP, OR HIGH-CEILINtfp DH'RETICSJu 

Drugs, belonging to this class are among the mosJt 
potent and (he most commonly prescribed diuretics. 

and all share a common mechanism of aesion. By 
blocking a key sodium transport mechanism in die 
thick ascending limb of the limp of Henle (hence the 
name loop diuretic), these drugs inhibit reabsorption of 
approximately 25% of the filtered sodium load. 
Nephron segments distal to the thick ascending liimh 
(TAL) are incapable of reabsorbing the additional 
solute, leading to si marked (or high-ceil ing I- natriuresis 

and diuresis, Because furosemkle (Lbalx*) is by far lhe 
most commonly used diuretic in veterinary medicine. 

the remaining discussion will focus primarily on this 
drug (also referred 1o as frusemide). Other drugs in this 
class include ethacn-mc acid (Bdoerifi*). bnmelanide 
( BumGK B k and the most recent addition approved in the 
United States, tursemide (Dauide^ 1 ), 

Cheriiisfry/f oriitulu([iiiis. Except for ethactynic Kid. 
the itiucmnJly diverse drugs in this das are sulfon¬ 
amide derivatives. I urusernide is light sen si live and 
stable under alkaline 1 conditions; the veterinary 
injectable prcparattofiA (Lui^ 1 , Diuridc*. or generic; 
50 mg/mL) have a light yellow color, whereas the 
human injectable tLasis”; 10 mgi'mL.l should nrt he 
used if it appears yellow. A wide range of veterinary 

preparations of fumcmidB are available, including oral 
cablets approved for use in dogs and eats, (12.5 mg, 50 
mg), oral solution approved for use in dogs (10 

mg/mL). large-animal boluses approved far use in cat¬ 
tle (2 g/hohis), itnd injectable (5%) approved for use in 

dogs, cats, horses not intended Ibr food, and cattle. 
Milk and slaughter withdrawal lime for both oral and 
injectable fonruilaltons for cattle is 48 hours, 


Mtftonbitw a fid Sites of Action 

Renal Effects. Chugs in this class- block the Na + - 

K + -2C1" symponer in the TAL by binding io the GT 

binding site Of the MfISpOftef protein, All Of these 
drugs must be actively ^ecrered into the tubular lumen 

by an organic aeid pathway in order to reach and inhibit 
the luminal symporter. A high degree of protein bind¬ 
ing (>95%) limits glumerular .HI [ration of lurostrmnJc 

and other loop diuretic*, making tubular secretion 
essential. The mechanism involved in Na* reabsorption 
in the TA1. depends upon Na\K*-ATBase activity in the 
hM membrane of tubular cells (-see Table 2b. I ), The 
Iransmembrane Na r gradient generated by ATPase 
driveis the Ni + *K + -2Cl' symporter in Lhe lummal mem¬ 
brane. Ba^olateral CV cooductaitiee and luminal K* 
ennduetancc determine membrane voltage. The polar¬ 
ity of K + and Cl" conductances results in a lumen-pu*- 


itivc Lranscpithelij] voltage. This voltage drives cations 
between tubular cells via Lhe panuzeLLular shunt path¬ 
way, When luup diuretics block the Na + -K’-2CI; syifir 
porter,. Cl concentrations in the ceil fall the cell 
becomes hyperpulari/ed. iramepithdial voltage is dis- 
Typted, and panKtUullf cation rcabsorpcion is blocked 

(Rleieh and Gregor 1997). Because rerun-producing 
cells to the area of the macula densa generate pm of 
Iheir membrane voltage via Cl channels, lhe new Cl 
equilibrium also depolarizes these cells and enhances 
Lhe secretion of renin. Loop diuretics, interfere with 
establishmcnl of a hypertonic medullary mterslitium 
and disrupt the countercurrent mechanism. Hence, 
these drugs block Lhe kidney's ability to concentrate 
and dilute unme appropriately. Inhibitors oJ'the Na'-K’- 
2CJ" syrtiporter also inhibit Cu 7 * and Mg* reatosorpiacni 
in the TAL by disruption of the IrunsepilheJial potential 
difference. Some loop diuretics,, notably furosemide, 
Abo ham weak CA-inhibiting activity that leuds in 
enhanced urinary excretion of 1-1 TO and phosphate. 
All Na*«K^2CI synipnrlcr inhibitors increase the uri¬ 
nary excretion of K r and H* by presenting a greater 
load of _Nu r to the distal tubule. Sodium is reabsorbed 


while K* and Hi" are excreted, 

Nonvifroidal anti-i nil iimmalory drugs (NSADDc) 
inhibit ihe diuretic, natriuretic, and chlonretic 


responses to furoseinide. Furoscniide enhances produc¬ 
tion of prostaglandin b, (PGlij* which in turn inhibits 
chloride and sodium rcubsurption in the TAL. In the 
presence of NS A IDs. PC3E. production ih blocked, and 
furosenude-i reduced diuresis is prevented tKirchner 
1987). In the absence of volume depletion, loop diuret¬ 
ics generally increase and redistribute total renal blood 

flow, The mechanism for this, effect is thought to be 
related to prostaglandins, and ihe effect is dimini-shed 
lit Nocked in the presence of NS A IDs (Dala el id, 
1978), Furosendde-inditecd hemodynamic changes 
correlate with an increase in urinary excretion of POE,. 


EXRAftENAL Effects. Furteemadt causes extra- 

renal bemodyunnic effects that include increased 

venous compliance and decreased right arrial pressure, 
pulmonary artery pressure, pulmonary artery wedge 
pressure, and pulmonary bkxnJ volume (HinchdifF and 
Muir 1991). Prostaglandins are ihoughl to account for 
ilk 1 iucUtg increase in systemic venous capacitance and 
Subsequent decrease in left ventricular filling pressure. 
All Of tlteM 1 effects are dependent upon the presence of 

j tuntrLiucikil kidiLcy urid rImt mil nhibited produL'CiLm ol 

prostaglandins. In the isolated rabbis heart, furosemide 
has also been reported to exert a mild negalive 
inotropic effect that is. prosilaglaridin depentkml (I 'eld- 
fnon ct a!, 1987), 1 abided furesemide in hiunutt has 

been shown to pretect Against iJte early response to 
inhaled allergens and to prevent txercise-induced bron- 

clnoffiMriction (Biincoot nl. 198&, 1989). FuiKcmide 

may prevent broncfioconstriction in part by inhibiting 
release of inflammatory medtateil from lung cells 
(Anderson cl at. 1991), Pulmonary gas exchange is 
reportedly improved by furosemick to otperiiwnLa.1 
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pulmonary edema. Eumsemide also reduces ihe rate of 
pulmonary Lransvascular fluid ilLlralicm through a 
reduction in pulmonary vein pressure (Denting and 

Will 1978), 

Ahtmrpilon and BlmtnirtaiL Fumanlde is approxi¬ 
mately 77 r * burailiHe in dog* and hits an diminu¬ 
tion half-life of about L hour kill lowing an IV dose of 5 
mg/kg ftfni ct ul r 1992), The absorption of orally 
administered fuiosemide takes place mainly in the 
upper parts of ihe canine alimentary tract, decreasing 
rapidly across the jejunum. Due l« Viiriahk or*I 
IwwvilUbllfly and rapid etinirmfion in ilw dog, a prri- 
longcd-reLeuse furnsemide formulated in hydrox- 
ypmpyl melhylttllflhtc matrix tabku has h«n inves¬ 
tigated CSmal el ul. 1996). Peak effects of ms FV dosage 
of ftirufl<iifcide in Lbe dog art reported al approximately 
30 gninotn ml Col lowing oral dicing at ahull 1-2 
hours. The rate of urinary furosemide cxcneiion. more 
so mn ihan the cflocemnlkn of plasma fiuwemlde, 
has been found In closely enrrclate with diuretic 
response in dogs. As in humans, ihe relation between 
the natriuretic response and Ihe concentration of 
diuretic in the untie fat the site of action) is represented 

hy a sigmoidal curve (Fig 26.3). The shape of the 

curve suggests chat a threshold quantity of drug must 
he achieved at the site of action in order to etlcil a 
response and that a maximal dose can he identified that 
yields a maximal response.. Beyond that maximal dose, 
the curve plateaus, and limited additional benefits are 
derived from dose increases fBraler 19%; Hirai et aL 

1992). 

Elimination hall-life -of IV lurosemi.de in the horse is 

similar to that in the dog and. in the abseooe of renal 
impairment is slightly less ihan I hour. Preventing renal 
elimination of the drug in horses hy bilateral ureteral 
ligation increases elimination half-life hy approxi¬ 
mately 3-tuld lo an average ol' Ifr4 minutes. This result 
demonstfutes that furosemide elimination in the hnrsc is 
primarily, but not exclusively, renal (Dyke et al. 1998). 
The hemodynamic effects of Antnilde in ihis model 
arc prevented hy ureteral ligaiion, suggesting ihai these 
effects are diuresis dependent (Hinchcliff cfl al. 1996). 

In human* and miter animals. including ihe dog and 
bone; approximately S0-6(Wt of u furosemide dost is 
excreted unchanged in the urine, and Ihe remaining 

drug is conjugated to glucuronic acid in either die kid¬ 
ney. (he liver, or other exirahcpatle site (Bratcr 1998; 
Dyke et ul. 199*). 

Plasma half-Life in patients with renal insufficiency 
is prolonged, and dosage adjustments should be made. 
Rinding of furosemide to excessive amounts of albu¬ 
min |>4g/l.i in Ihe urine decreases the amount of 
unbound, active drug and diminishes the diuretic 
response. In human piilienl* with nephrotic Syndrome* 
doses of two to three limes nonnal are recommended to 
provide sufficient amounts of naive drug to block the 
Ni*-K*-2CT xymporter. 

In human* humeLuntde and torsemide arc mclabu- 
li/fld in large part hy ihe liver, and so dosage generally 
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Fig tire 2ti.3 — MkaiiiiaotxJyrtanLiLs a loop lIlutcLil. 11k 
nr I ul i < mi hkrlwuL.ni Lhir nuLrivnrtau ruspemse and ihu ;ii™*inl nf 
diunrlK ruiirfim^ llnr xilu hf aclmn as nrpfwnlud hy 21 sag- 
nvindal l: u rre. 


does not need eo he adjusted for renal disease. Oral 
bioovailability of these drugs is much more prediciable 
thrill that of I'urutteirude and in humane ranges from fMJ 

to 100% (Rrater 1998) 

Toxic it>. Ad if nit Effects, Contraindications, and 
Drug Inlcracbans. Musi adverse effects of furo¬ 
semide administration are related to- abnormalities of 
fluid and electrolyte balance. Extracellular volume 
depletion and hyponatremia may lead to reduced blood 
pressure and diminished organ perfusion. Most al risk 
for advert effects related to volume depletion are 
patients wiih renal disease (may decrease OFR, 
increase prercnal azotemia, and, possibly, cause tubular 
necrosis l, cardiac disease (stroke volume and cardiac 
output may decrease), and hepatic disease (precipita¬ 
tion of hepatic encephalopathyI-. As noted previously, 
Nit + -K + -20~ symporter inhibiloo deliver an increased 
load of Nil* to ihe distal tubules* resulting in a renm- 
aisyjoliZftsiii-aldosterone-driven increase in excretion of 
K 1 and H a in exchange for Na", HypochL-nnemic alkalo¬ 
sis and hyperkalemia may result- Risk factors for car¬ 
diac dysrhythmia* relent'd to diumic-induced 

hypokalemia Include inadequate dielary intake of K\ 
concurrent administration of cardiac glycosides, and 
additional elcctrolycc imbalances. A common cause of 
anorexia in CHE paiicms is digitalis loxicity, and risk 
of arrhythmias is increased in these patients if 
hypokalemia is present. Deficiencies in Mg 3 * and Ct?* 
may also be caused by diuretic-enhanced excrclicm of 
these mbsuuices. Serum electrolyte levels should be 
watered in patients receiving ongoing diuretic ther- 
spy, c^jiecislly if risk factors exi.st related 10 appetilc. 
diuretic dosape. m severity of disease. 

Ototoxicity that m usually CransienL has been 
described primarily with dhacrynic acid and less often 
with all other loop diuretics.. In vcieriiiitiy medicine, 
otottuicky nniy be of greatest concern in crwimcni of 








f'facjfHVr 26 f HUHTinCS i Orhorph T- 


cab uilh h igh-dose IV regimens. Other adverse effects 
reported with use of loop diuretics include gastroin¬ 
testinal disturbances, bunt marrow depressiuar and 
hyperglycemia. Hypra^'cenflia may lx; rel ated to 
impairment of prumvulm-Lo-insulin conversion associ* 
ated with diuretic-induced decreases in K* levels. 
Rodents hypersensitive to sulfonamides may also be 
hypereensiiLLve to furoserrdde since this drug coniains a 
sulfonamide moiety. Diuretic-induced depletion of 
water-soluble vitamins may occur, and mpplefiKfita- 

ckm of B-eomp-lex vitamins. has been recommended For 
animals receiving continuous diuretic therapy t Keene 
and Rush 1995). 

Loop diuretics Lire contraindicated in animals with 
severe fluid and elecMlyte disturbances or anuna that 
does not respond lo test dta&cs of diuretics. 

Drug interactions may occur when turcfrcmidc is 
administered with theophylline (enhanced effects), 
uninogLyco^dcs or cisplalin (enhanced ototoxicity 
and. if volume^ depleted, nephrotoxicity), digital iv gly¬ 
cosides editireLic-induced hypokalemia may increase 
risk of arrhythmia), aspirin or other ajiiieoaguiams 

(anticoagu I ant artivi ty inc ceased). neuromu scu Iar 
blockers (alienation in extent of muscle relaxation), 
CLiniensiemids (enhanced potassium wasting), insulin 
(alteration of insulin requirements associated with 
hyperglycemic effects), lithium and propranolol 
(increased plasma levels), probenecid ^-competition for 
secretion of diuretic into tubular lumen Leading Co 
decreased diuretic effect), N 5 A IDs (as previously 
described. decreased diuretic effects). and llhia^idies 
(synergistic diuretic activity},. 


Therapeutic tires. FurosOTiide is used in smalt ani¬ 
mals for irealment of edema of cardiac, hepatic, or 
renal origin. In general, the dose of drug in dogs (1-3 
mg/kp every K—24 hours PQ for chronic use; 2-5 mg/kg 
every 4-^ft hours IV, IM, SC) is higher than that used in 
cals (1-2 mg/kg every 12 hours up to 4 mg/kg every 
S—12 hours IV. IM, SC. PCs (Ware I998 Jl Furwcmidc 
is also used to establish diuresis in renal failure and to 
promote excretion of other substances, including elc 
voted electrolytes such as Cr + and K B . In large animals, 
furosemide ha* been used to treat edema in cattle and 

edema and exercise-induced pulmonary hemorrhage 
(ELPM) in bones. A general dose of 0-5-1 mg/kg twice 
daily or as needed Ln control edema has been recom- 
mentkd in large animals (Reef and McGuirk 1996). 
Benefit of furosemadc use fnr tmAnoit of EIPH 
remain controversial (see below). Specific state guide¬ 
lines should, he consulted for details «qf furosemide use 
(dose, frequency, allowable levels) in racing animals. 


Renal Insufficiency. Decreased CFK and de¬ 
creased delivery of drug to the tubular site of Action and 
site of diminution in renal insufficiency results in 
decreased efficacy and increased half-life of 
fumsemide- A sufflciciilly high dose of drug must be 
administered to attain an elfccLive amount of drug at 
Che idle Of action. For Lhe dog, furoseniide doses sh 


ing at 2 mg/kg IV md mcr&mng in 2 mg/kg incnc- 
meots every hour for 3 hours may be used to try and 
induce diuresis in severe renal idsuf&dency. Once a 

p 

maximal dosage is reached (approximately 
mg/kg). exceeding tilts amount is not advantageous 
based on the dpoidil shape of the IVactitmal sodium 
excretion curve (Fig. 26.3). In all eases, fluid deficits 
should be addres^d prior to fuTOseuiide therapy. 

CAXDioaErac or Pulmonary Fdi-ma. Fumscmide 

has been widely used to reduce extracellular volume 
and minimize venous and pulmonary congestion m 
chfDftk: and acute CHE Human patients with Cl IF do 
IWI require large dosages since furusemitfc is ade¬ 
quately delivered 10 lhe tubular fluid. However,, 
because renal responsiveness to loop diuretics appears 
to be decreased m these patients, increased frequency 
of administration has been recommended (Bracer 

1998), Diuretics have traditionally been considered 
front-line therapy For lhe treatment of chronic CHF in 
small animals, and furosemsde is. reported t« be die 
most frequently used drug for this purpose (Goodwin 
and Hamlin 1993; Watson and Church 1995). Despite 
the popularity of furosemick:, human studies have 
revealed thai CHF patients controlled on loop diuretics 
alone deteriorate more quickly than those treated w ith 
either angiotensin-converting enzyme (ACE) inhibitors 
or diguxin. Use of furoscmitk alone is thought to 
enhance early activation of the remo-angiotensin-aldis- 
sl-erone system* w ith detrimental effects on long-term 
prognosis- (Svedberg et al. 1990). Current recommen¬ 
dations include fuixjsemide for treatment of more 
advanced stages of heart failure in patients already 
receiving ACF. inhibitor*,, digoxifk Of both. Furosemide 
remains a drug of choiee for treatment of acute cardio¬ 
genic pulmonary edema. Within the context of seventy 
and chiDpicily of disease, the lowest effective dosage 
and frequency of lumwcmidc administration should be 
determined by observation of clinical signs and consid¬ 
eration of owner observation*. 


Exercise-Induced Pulmonary Hemorrhage 

(EIPH), EIPH. tw bleeding from the limp, as a c<mse- 
quenoe of exercise, occurs in hones engaged in a vari¬ 
ety of athletic activities. The problem has been best 
studied in racing horses, particularly ITinroughbreds. 
In gene nil, EIPH islhuughl to occur because systemic 
aneria.1 pressures during maximal exercise arc higher 
than pulmonary arterial pressures. As a result, pul¬ 
monary capillaries are subjected to rapid increases in 
cransmural pressures sufficient to cause vascular dis¬ 
ruption. Transmural pressures are calculated by sub- 


tracting pulmonary capillary pressure from alveolar 
pressure. Pulmonary capillary pressure can be esti¬ 
mated as lhe mean between left atrial and puhmwary 
art.eri.il pressure. Alveolar pressure iis approximated 
indircetl y us ing irantpulniDnaiy pmure; This value is 
estimated hy DWtsurement of changes in ocfhigHl 

pressures. Another parameter relevant to msessment of 
EIPH is- pulmonary wedge pressure, defined as the 
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back-press tire opposing pulmonary perfus-ion. His 
ptfHMtef iKRUtt wUh ttAtue smd is considered an 

index nf puImonuy vnns pressure. In udtliLicm lo 
chanp.cs in putanoury pressure*. rihtr factors inipli- 
ctted in ihe pdHpfeysMflgy of HIM include codcur- 
rcnt small airway dueatt. upper ain*ay obs-lructnm 
exercise-induced hypcrvi^eosiiy,, and cn^ironinciiial 
cfitais cluster ci al. iyw>. 

In most siUiiics, fuLn-P^Tni-JL 1 : has ben fbtiod to reduce 
right nlnal. pubWHkary Afterifll^ and pulmonary wedge 
pressure^ in excreting boras* Slw studies suggest 
that changes in pQlnmaiy pressures caused by 
furoeemidte arc due to ceducttH in plasma and Wood 
volume and n L ji io direct effects nf the drug on (he pul¬ 
monary vasculature. Pumnude produces li rapid 
reduction in Wood and plasma volume, which has been 
shown in the horse to be essential few subsequent reduc¬ 
tion in pulmonary pressures | Hinchdlff ct aL IWfik 
Furthermore., administration of poly ionic fluids in an 
amount equal to the volume In&l in urine mtORfl 
Eurosemide-induced decreases in right atrial pressure 
und blond volume in the horse {Rivas and HinchdifT 

Data fmm additional studies ksve open the question 
of direct effects of funttOhde on pulmnnury pressures 
arid mechanics in EIPH. In one study horses treated 
with NSAIDl {phenylbutazone und Flunixin) prior to 
udniinislruLLon of furosemide followed by exercise did 
not show reductions in pulmonary and right atrial pres¬ 
sures (Olsen cc ul. 1992 k In 31 subsequent study these 

effects could not be reproduced (Munhv 1994). Dif- 

fcicnees in the studies may be related to drug Linage*;, 
time of administration. amount of diuresis, and degree 
of cyclooxygenase inhibition. Whale it is accepted dm 

NSAlDs decrease the diuretic response to furowmidCg 
it is a* yet unresolved whether these drugs mitigate 
furosemitte-induced reductions in pulmonary and right 
atrial pressures. It is also not dear whether Ihe magni- 
link of reduction of pulmonary capillary transmural 
pressure with tuncHc-mide is sufficienl lo prcvcnl capil- 
Lutv rupture in exercising horses tScwna and Utah 
1998). This is consistent with clinical observations dial 
Atromnldt raduc**, hue thus* mu completely eliminate, 

pofenanry hemorrhage in exercising horses, 

Administration of furostmide to racing animals n 
thought to enhance their performance, although this 
conclusion remains somewhat controversial. Use of 
ftnubemide in racing Thoroughbreds,, Quarter Horses, 
and SLundardbreds is estimated at 74 j. IV, and 22.5%,. 
respectively {.Hmchcliff I99y>. A recent CflHFHCtknl 
study cooclDded lhat Thoroughbreds receiving 
fujLMmi.de raced faster, earned ^Kire money, and were 

more likely to win ot finish in ihe top three positions 
lltun unniedicaced horse* (Oross ec al. 1999). E-iuly 
studies dKmed iocreua in racing times when E1PEI 
w«s diagnosed and a subsequent improvement of rac¬ 
ing Limes upon admin isUation of furosemide ( Soma ct 
id. I9K5). Treadmill studies have nut consistently 
shown furusemidc-mduccd changes in maximal U, 

cunsuisiptimi. time to fatigue, at the speed at which 


fatigue wcuiml in exercising horses (Hinchdlff et al. 

1993). However, in these and later shldiiB, I lie |u*s of 
weight associated with furosemide adminis.1 ration did 
reduce carbon dioxide production, the respiratory 
exchange ratio, and plasma Ittflle. Futnsemide- 
induced gains in performance were reversed by frhlj- 
Liori of a weight equal to the weight of the ■vestume Liisl. 
These resulLs suggest lhat performance hcndils associ¬ 
ated with furosemide administration In F.EPH burses 
may be unrelated to reduel ion in hemorrhage 4Utd mwt 
related to changes in body weighi i Si im? mod Utah 
LWKh Based on human studies. this interprtl 3 tk*n 
should not be extended lo einzuinstance* in which ihe 
race distance is Jong and exertion prolonged. In dHH 
cases, the detrimental effects nf dehydration would rap¬ 
idly oJEk 4 the advanlage of running under reduced 
weight. 

A filial issue related to use of furosemide m racing 
uimLi involves (he regulation of administration of 
fUfOKfllldeaard oLherdrugs lo equine athletes. Dnscs of 

259 300 mg furosemide per bone (0.5-1 JD nng.'kgji 

administered IV nu later than 4 hours prior to post time 
are permitted for nudkllkn of horses with LIPH in 
most jurisdictions in Lhe United Stales. Specific regula¬ 
tions at a given track should be CMUdlfted. The regula¬ 
tion of furooemide administration Kcunling m- track 
rules has been ipproacbed in a WKty of ways. SunU 
jurisdiccioo^ use a eombinaLion of urine specific grav¬ 
ity iif 1,-015 or 1,010 Jiita! a plasma of 

greater than 60 nr UK) ng/hil. as an indication of a vio¬ 
lation of the rules. The combination of these iwl> 
fMfWKten, low specific gravity and high plasma con- 
centraciLin. will suggest iliLti m im-gubriiy related in 
dose, time, or mule -fflf futuflukh administration 

occurred (Soma and Utah 1998), 

Widespread use of linufflide m memg animals also 
presents problems related to screen ing of urine fur 
presence of regulated HitKi 4 iPK , es. The urinary eunceii- 
tratinn of enadm ini stored drugs wa> be diluteti as a 
function of furnAcmidc-cnhaneed d.iure%is. Urinary 
cxereLion rates of some drugs, especially dwse chat are 
wnter-sfilubte aeicLs, may he uitcred as a result of 
tilrcncmitic competition for the Lirganic aniun tubulaj 

seovdcft pathway, Furosemide lias heen shown to 
dwrrciLve llie uriirai}' conctntniiod of phenylbutaxone 
Ihmugh taih trf these luecbudstofr. In comparison, the 

excretion rate L>f OLher agents, unljhly f^iiUuiylp prit- 

cainc, and methylphcnidalc, ii increased by 
furosemide. Faster clearantce of these substanees may 
make it mure diJticult to delect illegal use prior to a 
race (HlDCbcMud Muir 1991)* 

OTHER Uses, Furosemide lias been shown Co 
decrt4i.se pdlDDDUy resistance and IncfWt dynamic 
Ciinipliancc in ponies wiLh cbnnlc obstructive pu!- 
nurury disease In this cut, ihe rapidily of ihe 
reHp<>nsc and the finding thdE the response could be 
blocked by NSAJDs suggested a cyclooxypenasc- 
meduUxd event rather than un effect dependent upon 

loss of body fluid (BrotidMone ct al 1991). Immediate 
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changes in pulmonary pressures in oLher ipttiH fe g B 
dogs, with pulmonary edema) are ihoughl to be related 
Bo direct effects of furosemide on the pulmonary vax- 
eulaiure. Similar to use in smull animals. furuMrroide k 
indicated far treatment of GHF ;ind WOdllQd pul¬ 
monary edema by decrtuiiig canfaf preload and 
plasma vohltt. PurORmkIe i* al\o recommended to 
increase urine flow in acute renal failure in bones. 




INHIBITORS OF NA*-CL” SYMPtlRT 
(THIAZIDE AND TJUAZIDE LIKE DIURETICS) 


Liumfstrv/Karmubilions, Thiazide diuretics H Ixifc 


zothiadiuzines or kulogt and ;irc derividva of CA- 
inhibiting nil fonnmides. Co mpa red to loop diuretic*, thi- 
aridi=s promote renal excretion of chloride, rather than 
hdeafbnnalc, with sodium, producing u true saluretic 
effect. Two erf the first thiazides synthesized, and the Lwo 
diups most commonly used in veterinary medicine.. 4ut 
chlorothiazide I'Diuril*. human-approved 250 and 5()0 mg 
tablets. 30 mg/niL suspension, and 50t) mg/vial injoctabk 
as^iLiWe) afld hydnichlonithLazick: I'Hydrozklc* veteri¬ 
nary-approved 25 mg/mL injectable: HydroDiunl*i 
buma04|]pEPwl 25, 5U P and IDO mg tablets and 10 
mg/mL oral suspension). Both drugs are Jfld wi V B ct 


htddflhL-iidia/jne and are wyjhr hu-ltiWe. Hydflvidtf* is the 
only vflennary-appnjv«l product for uw in cattk and list* 
a 72-hour milk withholding lime fur lactating dairy cmnlu; 
no meat wiihhuMing time hi* been reported. Newer gen- 
cratkm. more lipid-snluMe henzothiadlazinc derivatives ■ 


include cycfcrihuDde aid mcihychinthiazidc. 

NL'pfihcn^nthiadiiuinc: derivatives have thiazide-like 
effects, aod these drugs abo promote excretion L>i' 
sodium with chloride. Quinuzol inone ddnuhtii are in 
this class ujmJ include mctolazonc and chlorthalidone 


These drugs arc mu commonly UKd in veterinary med¬ 
icine but are examples of lhil£kle-lifce duiKOCfr 


Mechanisms and! Sites ufActkirlr The primary si to of 
aclivn i-rf ttduklH is the distal convoluted tubule, with 

HHne secondary idmty, possibly CA-rolated, in the 

proKSimul tubule- In the disEal [uhufce, Nat’] reahsoiption 
ip UHr'dimcd by an gkuimneutf al entransport (sympnrtj 
sy stem £ sec Fig. 26.2 ), The driving force for Cl entry 
in the tran^membranc Ns” gradient esiablished by the 
activity of hasolaicral Na'.K’-ATPnse. The -apical Nad 
cotransporter is reversibly inhibited by thiazides. Uaso- 
latcral movement of Cl out of tlie ceil ii [XttiiMy 
nwdijited hy a KCI cotransporl system. The lumen-neg¬ 
ative transcpithelial potential genrniled by the polarity 
of K" and €T exit may drive union reabvurpLion via a 
paracellular shunt pfttkwijf. Cl* PUbtorpliH ii 
enhanced by thiazides, perhaps hy increasing distal 
tuhule Ca :,, -hfcnding proteins. Because 90% of filtered 
Na’ is reabsorbed prior to the distal Lubule. the peak 
diuresis caused by thiazides is moderate d unpaired to 
loop dlurotiH. Like loop diuretics, thiazides enhance 
excretion of K* by increasing the delivery of N r‘ in the 
distal tuhule. 


AbHfrpdM and l ; .limin:Lti^n. Thiazide and thiiririr- 
like dlmbci are uhseirbed slowly -ind incompletely 

friHiL ilac (utVOnMnul tract- Most drugs in thK class 
are highly protein hound and are funtod renally 
(chlorothiaj.ide and hydrochloncrfhiazidei or by a eddt- 
binHlion of renal and hiliary roulcs (thiazide-like- 
drugs K Hydrcnrhlucnothiazide is levs prouflb bound 
{•WA ) than others in Lhe etnas Lend pirtknAt and accu¬ 
mulates in red bloixl cells | Velazquez et al. ll993). AH 
drugs in this tlas* gain teas to iIk lumen of tlK a rtniiil 
tubule via an organic acid secretory pathway, lienee 
effectiveness of these drugs is (kcniHd if renal blood 

flow diniruheir 

ToiicEly, Adiversffi Effects, <'mil mind ii'nliucm^ and 
Drug Jntcraetimis. SiimJar in loop dLurelicv. most 
problems itldcilttd with admimstruiion fflf thiuldH 
are rdaied to fluid und dectVDlyte tfisUEbmco. FOtu- 

xium wutkng, eq»cfaUy with cMcuravt use of digi- 

labs, incfeuet rhe risk of cardiac arrhythmias. [„ow &' 
may sec^inttarily affecl conversion of proinsulm to 
insulin, leading to hyperglycemia. Enhanced eddun 
nrabsorption can lei*d to hypenrulceiEiia. aihd mild m^g* 
nesuriii may ettue onguHlum defictencyr Depkdof) of 
exirjcellular voftUDC; IvypniitRfUi, hypochbrenua, 

;un.i hypochtorvinic mclafMiliL' uLkulosis may ^KJcur as 

adverse effects with prolonged or aggressive Ihia/ide 
use. Because thiaz.ides block soluLe reaNvorptbon at 
ncphn.'pn ntn involved in dilulion of urine, these agents 
Increase the risk of hyponatremia under coodkkna (rf 
increased amsumptiuiL of hypouaic fluids., CNS iunl 
gaslrointeslanal effects may occur hut are ntrt common. 

SensiliviLy to sulfonamides limits use of tJiiiiridc 
diuretics hccause of the sLruclunjI s-imiliinty between 

these two cla-s-v^s- tsf dnigs. Patients with severe reiial 
di^’sise^ hyptjvxilemi:i, or eleeirolyre (fiftUlbHKH are 
poor candidates for thiazide therapy. Impaired hepatic 
funciion that may be worsened hy volume vonlracLitm 
(leading to hepatic encephiilciputhy i k i contntvdin- 
hoil for thisi^kk use. DiaherLc palieuls arc at ri.%k for 
thiazide-induced derangements oi glucose and insulin. 

Drug interactions- include decreased cffttU of anti¬ 
coagulants and insulin and increased ellecLs of some 
anesthetics, diazoxide, digitalis glycosides, lithium, 
loop diuretics, and viLamLn D. Comhiuiion Lhempy 
using ksw-dose thiazides with Imnl-Eine anLihyperten¬ 
sives fe.g.* ACE inhibiting) k currently vunsidered to 
be an effective a IftCflUlbve strategy fflC IHUgtffWt irf 

bumu h yp ex teo fi M (Nentel et al. I P9ft) r At kw d«et. 

side effects ul thiazides are decreased, making their use 
in combiuaLion KgbDHB piirLi<.Tilarly^ ap|Valiiig^ 

Thiazides are reported to prolong the haLF-Ufe #f 
i^uinidinc. In the face of ihi^zide-induced hy pnikalemia. 
an elevated plasma quimidine level increases the nsk of 
polymorphic vtdtrkttb 1 tachycardia (ftpmu&rjr dt 

pobu*s\ aconditinn that can deteriorate into ventricu- 

|;u fi hrj I laiioii (lackson 1W6). NS-A IDs may reduce [he 
efTectivencss of Lhiazides and IcMipdiureLic^ by increas¬ 
ing solute reahsLupcion ai the TAI. ol'thc Imp of Hcnle 

(Bnter 199*). 
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Ulrrupratir Ustt. lUukki may be uh\I to mat 
fldou of cardinc. hepuLic. ur raul origin. Typical omJ 
dofl^a in the and- cal are 20-4EI mg/kg every 12 
houn (cUonriUiikk) and 2-4 mg/kg evtry 32 hours 
(bycbxfakfodiitzide). Effects of both chlorothiazide 
and hydinchlorolhiaj.iLfcc pc»i!k ;li 4 bflin and last tip Lo 
12 hours. with hjd^iehliwiichifl/pde typically having a 
longer duration (12 hr) ihan chloraLhiazide (6—12 hr), 
Cattle may be (rated for adder edema with 
hydrochlorofliiantta (I25-2J0 nig IV m IM once Of 
twice daily?, Oral drlorcrthiazidte (nol a veterinary- 
■iipproved product) at a doxofM mg/kg once cf iwiee 
daily has been substituted for injix'iabk hydrochlufLV 
thiazide following the first or second day of pir^ril 
lieulilhrilL 

lUtioda have previously been used in veterinary 
OKtliclu in management of Lhe early stages of CHE As 
mentioned prev iously, early use of loop and thiazide 
diuretics in OLI : iLliVira aldo^toronc-mediaced mceh- 
ulfflu that eventually lead to cardiac deterioration. Knr 
(hto and ocher remos, the um of dbukles lit treatment 
of CXF irs not common in veterinary medicine. In gen¬ 
eral. furosemidc m more commonly u^llI in veterinary 
medicine to treat edema, whether it be cardiac, hepatic, 
o| rend in iirigiii. In human nicdicine. Lhiu/.ides ore 
cufhu1n.ai.ly used in the management ol hypertension. 
Because thiazides increase reabsurption of calcium, 
they may also he beneficial in treatment of calcium 
nephrolithiasis in humans and animals. 

Thiazides are Uted elfectivety 1o reduce the volume 
of urine in (MJbUJs with nephrogenic diabetes 
iuifridfctt. Diurelic-induccd volume contraction leads 
to Increased proxlnil lubute ttabtocptlou and a 
decrease in urine voEume of 30-5(Wb. All hough 

dosages oie individualized in these patients, starting 
ranges of 10-20 mgikg twice daily ichloroLhiazide) or 
175-S.S mg/kg lhydruchloroLhiu/idej Lw ice daily have 
been suggested (Nichols and Hutuputi 1995), 


INHIBITORS Oh RENAL EPITHELIAL 
SODIUM CHANNELS (K+SPARINC. 
DIURETICS) 

Cheimislry/FurmulntiDns. The two relevant drug* in 
Lhis. class. Lmunlerene (Dymiun^ and amiloride 

■i 

tMidumor^k b<vtii belong to the class of cyclic amidine 
diuretics. Triamterene is a pCeridine ring wiih ammo 
groups ai the 2* 4, and 1 pMitkHU. It was originally 
synthesized as a folic acid antagonist. Amilonide eon- 
vists of a substituted pyrazine ring with a carbonyl- 
guanidinium side chain. A number of analogs of this 
basic structure have been wnthesized and have been 
useful loots in elucidating mechanisms of sodium 
transporl. Both Lriamlerene and tmiloritk am organic 
bases and are secreted iuo the proximal tubule by on 
organic hue transport system. Although neither of 
tlNrse drugs Is used with fnquocy in veterinary medi-* 
cine, trwntereoe is the more cormooly used and hence 
will he the fbCU* of Lhcse doKOHDOlB, No parenteral 


forms of the drug arc available; oral prvpunsituHis are 
available in SCI and |(K) mg capsules, 

Mechanisms and Sites- of Action. Triamterene acid 
amiloride cause a mild literate in excretion of Nad 
and a retention ol K\ BlhIi drugs- slightly augment 
diuresis and arc used in combination with loop dinrcc- 
Ict or ill in/ idea to decrease K T excretion whence lhe 
tenil K m -spnritifih Both drugs act aL the late distal 
iiilmlg (of connecting; tubukl and- collecting duct to 
block the ekdrogetuc iriia&port ofNi* (see tog. 26,2), 
As with other diuretics, lhe buolatml Nft+JC^ATftue 
creates an dectrochemkal gradient Lhat drives events at 
the luminal surface of the luhuUiir cdl. In I his case, the 
principal cells of I he OBnectiig tubule COflllia a Nil" 
chond tn their luminal membrane that provides a 
pathway for cnlry of Na* and sets up a lumen-negative 
tremepitiKlnil potential. The iransepithelial vollage is 
the key force involved in driving K* mil of the princi¬ 
pal cdl and into the cubtiliu lumen. Blockade of Na* 
channels by triumLerene ^.tt amaloridc hypcrpolarijes 
Lhe luminal membrane, reduces Lhe lumen-negaiive 
potential difference, ami decreases Lhe noetkn of K% 
H\and H| J+ , It has been speculuted ihai effects 

ol both of these drugs may also he mediated hy inhibi¬ 
tion ol a Na'-H' anliport loealcd in lhe late disliil Ukhtile 
and collecting duel. .Additional, direct effects nn Mg- fc 
excretion may also occur. 

Triamterene has bwi shown ti> exen cildiK effects 
Ihul arc not seenudjury io sJItentioas ill iCrlal hnctioiL 
Early studies divcumenled a protnngaiion nf (Iw cutilac 
action potential duration and funetiLvnal ptfnctefy 
pencil and an increase in myn^ardial! ei^ntraclile force. 
Triamterene hu also been shown m decrease digiiahs- 
induced K" loss fmm the hean and increase the du^e of 
digitalis necessary to induce toxic effects in dugs 
(Palmer and Kiev man E995; Netzer m y|. J995Js Nci- 
thtrlnamterene nror amiloride has heen shown to affect 
renal hemi-»dynamk"s. and neiLherojfts as an aldosterone 

utegonisu 

Absci-rplion and Him in alum. Both amiloride und iri- 
amicrcne arc julmitiisic^evl <irally; triauLi^rcne is Lip lo 
7W bioavaiiahle, AimloncLc is renal ly excreted. The 
pharmacokineiics of triimtevene jure cofnptex. The paj- 
ent drug is converted in the liver io an active mclahii- 
lite. 4-hydroxylnamieneiu: sult'a 1 c, which m actively 
secreted into Lhe renal tubules. Hence renat or hepatic 
disease could impair elimination ol triomtciene. The 

peak onsci nf uelioM of iriamicrvuv is 6-8 Jiiiutk. with 

effects pcrsi.ming up to 12-1$ hours, 

Tosidfy, Advmc Effedv, ('rariIrsiindiciiti ckhs. and 
Drug IntiTuclioiLs. The musi inipnrtanL potential side 
effect of these drugs is hyperkalemia. The presence of 
diseases or ciirumstonces ihat may increase the risk of 
hyperkalemia le.g., rcnaJ failure. Loadministraricm of 
uther drugs with K r -spanng properties, including ACb 
ifhibttori and K" supplements I shtuild he noted and 
these patients I reared with othL'r diuretic combination*, 
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Triamterene may decrease G¥R and. in c-umbmaLUm 
with NSAIDs, has been shown to increase the likeli¬ 
hood of hyperkalemia and renal dysfunction, Tri- 
UAtefene- induced renal easts may be respons-ible for 
increased risk of inLterslalial nephritic and renal stones* 
Both triamterene aiid ainiloride may induce hypersen* 
Miiviiy reaciion* ilw include r^h and ptoteHuitivity 
in humane CXS B gaftrauttectiiial and hematological 
side effects have al\n been reported. As with nhi*i ocher 
diuretics, use in patient* with severe hepatic disease or 
renal disease is. conUaindicated. ]n human patients with 
hcpalic dunse* the mild folic acid antagonism inherent 
in triamterene may increase the risk of megalnhlastosi.s„ 

Therapeutic 1st Decaux these drop have relatively 

weak diuretic properties, they are clinically important, 
primarily because of their K'-sparing properties in \ 
combination with loop and thhizide dincbd Doth , 

liu^e been used in ihi> tmpiicfty Cor iremmenc of edema 
associated whh CHF, liver dntnHi nephrotic syn¬ 
drome, steroid-induced edema, and idiopathic edema. 

Triamterene is administered at iidosc of 2—1- mg/kg/dny 
umlly Co dogs with food to tvokl gastrointestinal side 

efibcu. 


ANTAGONISTS OF MlNKRAUHORTICOrO 

RECEPTORS {AEIXJ5TERONE ANTAGONISTS 

AND K^SPARING DfURETtCS) 

Chi'mi^n/Furmulsitjuiis. SpironolfeCtoK is a 17- 

sptrulad.one umJ is the only aldosterone antagonist 
approved in the United States. Canrenone, an arrive 
metabolite of spironolactone, md potassium can- 
renoulc are closely reluted structurally imd ore available 

m uflliH.T irounLntfK. All ikf ihesu! drug> shun; u Idyr ring, 

steroid structure similar tn the flUKflljlWKtiCQtd aldo¬ 
sterone. Spinonolactone is available as a human- 
up proved ora] preparation (Aldactnne*^ in 25, 50, and 
10C) mg tablets. 

Mechanisms and Sites of Action. Aldosterone U u 
steroid hcwisme rh«r hinds to ndn&fahxortkeM recep¬ 
tors tMRsji located in the cytoptam of tiirget cells The 
infective MR cofipten is bound to beat stock protein 9tfJ 

(HSP90) P a protective ehapcrrwi protein, and is inca¬ 
pable of binding to target DXA sequences. Upon bind¬ 
ing of aldosterone, HSP90 dis^nc-Lates from the reecp- 
lor-hunnonr complex, allowing movement of Ihe 

activated receptor into the nuclnu. line oompfeA hinds 
to target sequence* of DNA referred to as minetalocor- 

tieoid-response element* (ako termed tofVHHH- 

napoocm elements) that regulate triiBcrifHion of 
downstream, mineraloecirtieoid-responsive genes-. Pro¬ 
tein products of these respunsive genes, aldcwternne- 
indwed proteins- (AlPs)* cause Nu” reubsorptiun and 
increase excretion of K* and H+ ill tile lace distal tubule 
and collecting duel. A IPs are thought to have multiple 
cJYccLh. including activation, redistribution, -ond de 
DDVO syiftkeds of Nil" channels and Na\K>ATFuse. 


changes in peimeubiliiGy of tig hi functions, and 
increased mitochondria] production nf ATP. These 
effwfis combine to cause an increase in Nh* conduc¬ 
tance lpI the luminal memhfune and inctwed Nj* 
pump activity in che buoiuenl membrane Al a result 
NaO transport i§ increase across tubular epithelial 
cells. and the lumoQ-tKgative itansepiihelial voltage vs 
increased- -Secretion of K* and H 4 into the tubular 
Lumen, Incroim with increasing ■milages. 

Aldosterone antagonists act by binding 1o she MR 
and facilitating the release of HSP^ii from the sLcroid- 
hinding *uhunit of the receptor The unprotected MR 
complex is thought io he inaelivaEed by prMnw. In 
the absence of activated MRs, gene transcripticui is not 

induced, AIP* «e not produced, and the physiological 

effects of aldosterone are blocked. 

In addition to antagonism oJ' aldosterone, spirono¬ 
lactone is thought to act in ii manner similar to calcium 
channel blockers to cause direct vasodUatioo. By bind¬ 
ing io pla.snia membrane rite*, spkvndictofBe may 

inhibit in ward slow calcium channels and depress con¬ 
tractions dependent on release of calcium from the siir- 
cupl'iMlik reticulum. AlduMcrone unl-iLgunisls have also 
been shown to increase circtaladog levels ofaAritl mitri- 

orotic peptide a* evduited ift the dog. Hence ducct and 
■Uosterow-nediiled effects of the drug may coo- 
trihuttf to \i\ usefulness m Lrealmenl of cardiac disease 
(Enduu uihI Ikisuyuiludu WSk 

A toorplion and RlkmtnalloiL hi humans, spironolac¬ 
tone is absorbed moderately well ihO *$.V4 i, jj highly 
protein-bcrund, turd \s exCens-ivdy hiotransj'iinned in the 
liver, exhibiting a fint-pni effeei. An active mclabn- 
lite. •L'annrnone, has n Lunger half-life than the parent 
drug and extends the biological effects of spironoljc- 

kmk io abwfe i ft hciurs it* bumau. Peak tltoetit occurs 
as late oes 2-3 iMys after inlliition §f tberapy. Aldtisie- 

rone amagonisrs do ms require wp g tw n imu■ the reisu.1 
[uhule to induce di ures is-. 

TbxlcllVj, Advtrve 1 Effrcl^, CnttruiMlkiilion^ and 
Bmg I nlcriictiims. Hyperkalemia, dehydration, and 
hyponalmlA are the most common side eliects. of 
aldo*ierone antagonists When used akmc, these 

dmgs CIO Also fllftf hyperehlnremic dKUtobc acido- 

sis.. In humans, -vexual side effects Ihoir the hue of 
spironolactone in some parents. The non likely 
expliinatuvn for these effect! relate! to ihe binding of 
drag ndt only to reuul aldostercme rvoqHHi but also 
to progesterone and tUhydrotecioiieroiie receptorv. 
This lack uf receptor speci Hcity drives continued 
effort! el * Identify n more MR specific antagonist for 
ux in human medicine. 

A:s previously felted, eonibiiiul ion l»I any K + »s|uring 
diuretic with ACE inhibitors mu.\l he jccumpILshed 
cauti-iHJvIy to avoid hypertudemia. Thi.s. is a clinicjlly 
significant scenario that merits patient mum Lori ng of 

ptesum K + ccncetontlou Because b<iLh spimok^ 

tone and digoxin have steroid-1 ike >trucLures, the 
kirn ter is ihought to compete with digoxin lor renal 
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clearance, ihus protonging the IwJf-life of di&oxiii 

(Hodman ct al. 1992). The pnxncc of spironolactone 
in plasma nuty also confound therapeutic drug moni¬ 
toring of digu&in if a cross-reactive imtidigoxin iijUi- 
huly is used in the assay. Aspirin apparently blocks 
spironolactone-induced nutnu rests (Endcu and 

Hcwyamada 1995), 

Thera penile Uses* The effectiveness of ddosferotie 

4iiiiu.jii.Miist> iii promoting diuresis is largely dependent 

upon elevated concentrations of endogenous aktaste- 
nmc. Aldosterone sec ret inn inoiruscN upon activation 
of the renin-angioflensi n-aidostarane system, which , in 
turn, responds to reductions in serum sodium, effective 
TiIlkhJ volume, and cardiac output, and decreases In 

serum K\ Secondary hyperaldosteronism and edema 

are associated with cardiac failure, hepatic cirrhosis, 
nephrotic syndrome, and severe ascites. Spironolac¬ 
tone is used in veterinary medicine at a dose of 2-4 
mg/Lg/d-ny orally in management of refractory edema 

associated with these conditions and i s considered the 
diuretic of choice in management of hepatic cirrhosis. 

In both humiLii and veterinary medicine, aldosterone 
anlagonist* are commonly administered with a thd- 
a/ide or loop diuretic to increase peal; diuresis and to 

vpare K\ 

Elevated aldosterone levels have been shown to he a 
useful prognostic indicator in heart failure, with higher 
levels correlated with si poorer prognosis, Activation off 
the renin -aogi otensi n -a Idoslcrone system in arterial 
hypertension is thought so lead to remodeling of the 

myocardial collagen network with progressive cardiac 
interstitial fibrous. As fibres, is increases, diastolic 
function deteriorates and pathologic cardiac hypertro¬ 
phy occurs. When aldiwtcironc-mediated effects are 

hlneked by spimnolaeiLine, progression of myocardial 

failure is prmnnebly slowed. A clinical study recently 
supported this contention by showing significant 
delays in progression of CHF in human patients treated 
with spironolactone (PiIt ct al. 1999). Despite the 
potential side effect of hyperkalemia associated with 
coadministration of spironolactone and ACL inhibitors, 

this combination with appropriate dosages has teen 
deemed effective in. management of CHF Patient mon¬ 
itoring for K J derangement* is critical lo safe imple¬ 
mentation of this approach. In veterinary inedkine, 
spironolactone may be useful in patients with CHF sec¬ 
ondary 1o chronic valvular heart disease nr dilated car¬ 
diomyopathy that become unresponsive lo therapy with 
ACE inhibitors, dLgoxin, and furosemitfc. 


AQUARETfCS. Vamp ressin (or arginine vaso¬ 
pressin, AVP) regulates water and solute excretion in 
the kidney by binding to V. receptors in Lhe principal 
cells of the renal collecting duct system, Al one of 
three G-prcrfcm-cuuplud AVP receptor subtype* (V 
V > Vj), V. receptors mediate the auiidiureiic effects of 
AVP. V, receptor antagonists so-called k^itretic 
agents, promote soltLlc-frcc water excretion. These 


aiit^ouifts hold cons iderable promise for treatment of 

edematous states associated with head failure, liver cir¬ 


rhosis, nephrotic .syndrome, and syndrome of inappro¬ 
priate secretion of antidjurctic hormone. An orally 
active, nonpcplide, selective V. receptor antagonist, 
OPC-31360, ha.* been shown lo induce BqiuresLs in 
humans and is. currently in dimciJ development in 
Japan. This drug ha* been shown to significantly 
increase urine volume and decrease urine oatnofaJirty 
and body weight without affecting urinary sodium 

excretion iUrita and Nalilldl 1998). Another prom¬ 


ising V. antagonist, SR !2l4ti3A r has been shown to be 
highly selective for V, receptors and effective at induc¬ 
tion of aqtiarcsis in several species. Like OfC-31260, 
urinary electrolytes are unaltered by drug administra¬ 
tion (ScrradeiJ-Le Gal 1998). 

Although vasopressin ajitagonists represent the moet 
promising area of dnig development for induction of 
aquaresis, drugs that interfere with secretion of AVP 
from (he neurohypophysis and drug* that directly 

inhibit water channels in the collecting ducts are also off 
interest. Aqui|Wfia-CD, the water channel of the prin¬ 
cipal cell of the cortical and medullary collecting duel, 
ha* teen cloned and provides an attractive site tin 

drugs intended to inhibit diuresis. 
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ANTI ANEMIC AGENTS 

MARTIN J, FETTMAN AND II, RICHARD ADAMS 


K rv I h mpn tvs i s 

Erythrocyte Kindis 
Erythniid Iknt Marmw 
i issue (Ixv^iiiulwii ds u Stimulus 

Erythropoklin 

Mkroivutrteiti Required fur Erytlutpie^ 

Hcnif^Kohin Synthesis 
llu Iron Cycle 

Nulrirnf Deficiencies AITtttid| llenioglrilim 

Synthesis 

NulfirnE Deficiencies Affecting. Division of 

Erylhroid Pre-cursor Crib 

Aflcmli 

CTassifkatJon of Aiemli 

BIehmcI- Loss Arif min 

Chronic Hemorrhage arid Iron iJrfirierHl 
Anemia 

Hemolytic Anemia 

^Hsnrt'^L'nfrali ve (Hypoplastic) Anemia 
Friulian (Jirlurv iron IXfidtncy Anemia 
Nyiylhcmiu 
I reatmenl of Anemia 
Blood I Lobs Anemia 
Bab) Pig Anemia 


Hemolytie Anemia 

Non regenerative (Hypoplastic) A ill i i da 
Anemia of Ch ronic Renal Disease 
Nulricnlsus 1 lemaf ink: Drugs 

Iron 

VHamii and Mlnefil Prop*ntkmti 


Blood cun be considered a bodily oqg.nn comprising 
several different cell types suspended in a fluid 
nielli urn. ur plasma. Blood volume is typically about 
ft 1 ' 1 1 of body SArei fht: approximately 40% of this consists 

of cellular eleirienis (erydirocytes. leukocytes, and 
ihrombocyi^), and obtiifl 60*4 consists of plasma. 
More than i W% of the blood cells are erythrocytes, and 

(heir principal ftmcikm is to transport httno-gtobitr 
which in turn carries oxygon from the lungs to the 1 is¬ 
sues. Erythrocytes, have other activities, besides trans¬ 
port of hemoglohin-bnund oxygen, including carbon 
dioxide transport from tissues m I he lungs for excretion 
and buffering of acids produced in the normal course of 
cellular respiration. Although small in number relative 
lo erythrocytes., leukocytes play an indispensable role 
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in ch c processing liI antigens, defense against microor¬ 
ganisms. reparation of wounds, and propagation rtf the 
inflammatory response.. Like wive. thrombocytes lire 
participants in many inflammatory and reparalive 
processes and are absolutely essential fur normal: mg^ 
fllttkm of Mood However, insido^tiatetissueMygcna- 
fiiHt Is ihe priocipiil pinhnphys.mlogie event and is 
eaissed by (be Kkctvve depletion of eireuLalinp cry- 
[hrocytc numhers. lf n anemia. 

The clinical effects of anemia depend upon the 
severity of reduction in erythrocyte numbers, the time 
over which this depletion has incurred, and. whether 
this loss j* accon^illied by a comparable loss of 
plasma, which affects circulating blood volume, Acute 
ik'pletiuii of 25—40% of hlood volume can lead to 
hypovolemic ibpdL The loss of large numbers of ery¬ 
throcytes is better tolerated when the lost is of suffi.- 
eient duration to allow compensatory physiologic 
adaptions. Thus, depletion of erythrocyte numbers 
can result in acute illness and death or chronic debilk 
luting illness characterized by unlhrifcincss and pour 

pefffw mu pe, Antianemtc agents., itlwi referred u> as 
hemal ink" ut hematopoietic dregs, are potentially use¬ 
ful adjuncts to the therapeutic management of such 
patients if drug selection is based on timely identifica¬ 
tion of specific causative factors. Certuin he mail nit 
drugs may be used nonspeeifically to support erylhm- 
poiesis irrespective of etiology* whecm Other agenis 
are specifically for particular causes of anemia. It is* 
therefore., important to understand Ihe process of ery- 
Ihm'pfHesis and affiliaicd laboratory indices employed 
in the classification of erythrocyte disorders. 


KBYTHKOPOlfcSB 

Knthmc>te Kinetics. The total mass of circulating 
erythrocytes (the erythronj is regulated in Ihe normal 
animal within very narrow Limits so that sufficient 
amounts of hemoglobin are available So provide ade¬ 
quate oxygenation of tissues, but without erythrocytes i 
becoming so craiccniniund in plasma that they impede I 
(he flow of hi nod through small vessels. A small per- ; 
cenlage of the erythron is renewed oil a continual basis, 
as senescent erythrocytes are removed from (he circu¬ 
lation und ite* erythrocytes arc released from \ 
hematopoietic lagans ua replacemenLs (Jain li^ft). The 
principal sice for cmltropnicsiH in healLhy, adult ani- 
imh i* (he hone marrow; whereas “'extramedullary 
hematopoiesis' may also occur in the spleen and liver 
in ulem, in neonates, and in anemic udulls when the 
bone marrow regenerative response is inadequate. The 
’■prcprogramnuctT" demise of older erythrocytes is 
determined largely by their inability to undergo self- 
repair, wherein certain cellulur enzyme-v gradual I y lose 
activity,. with subsequent deternratin of cellular meta¬ 
bolic properties (Table 27.1). In mammalian erythro¬ 
cytes new enzyme can no longer he produced, owing 
to- luck of the nuctalf and ribosome* required for pro¬ 
tein synthesis. In avian and reptilian specie*-, which 


TABLE 27.1—Lry'lturwyte life span in Bid u I Is 

of various mum mull an specie* 


Speck* 

life span 
(dhysi 

liunuiLii 

117-127 

Cfltdt 

157-162 

Doe 

1 II (M £2 

Cat 

S6-I0& 

Goh 

160-165 

Hone 

140-150 

PiE 

62-71 

Sup 

70-151 


SuurL'L*: Muddied InnnJujn |*JH4>. 


have luidCiikd mature erythrocytes, the life span of red 
blood cells can reach 600-144)0 days |1 jcc d al. I). 
Shortening of erythrocyte life span may occur when 
extracellular events acccteraLe oxidation of Ihe cell 
membrane or denaturation of intracellular proteins, 
principally hemoglobin (Harvey 1997). Conversely. the 
activity of mlruceSlular reparative pathways lhal nor¬ 
mally defend against such damage may ul si»l>v altered 
by specific nutrients nr toxicants. The principal mech- 
anhnu of erythrocyte destruction include fragmenta¬ 
tion, oenotic lysifc, cryituophapocylosis, complement- 
induced cytolysi.v, and hemoglobin denatiiratiun (Lee 
cl al. 1999), The principal lits of eiythncyte destine ~ 
lion are utiwucular and depend on ihe ictmns. of ihe 
mooonudear phagocyte sysiem (formerly called ibe 
redculuentknhelial system), which is loca te d predomi¬ 
nantly in the spleen and liver. No more than about KV5 
of the normal destruction of effete Cfythrocyw* occur* 
bntraviKUllrty. but chin, can increase significanily in 
certain pathologic stales. 

Kr} lhru-iri limit" Marrow, pjylhropoiesis \s a function 
of rapidly dividing precursor cells located in Lhe 
hematopoietic tissues. Il can be characterized by u 
model wherein pluripotcnt stem cells serially give rise 
to Lincage-rcs.uicLed slcm cells, which iu turn divide 
and change into nHirphologieally recognizable ery- 
throid precursor cel I s (BeutLer et al. 2000; Wciscr 1 £ W5) 

i.Fig. 27.1 L Churai'tenstic dh^mges In cell sia 8 moff- 
i pholugy; antigenic Ulken, humoral BSpHUivCHUi 
and fuiMion occur through predictable stages of cell 
proliferation :ind diifercnrlialion, until relulivcly mature 
evythflKJtS are released into the circulation. The rale 
and integrity of erylhropiuesis can be evaluated in must 
animals by the enumeration and morphotogic evalua¬ 
tion of erythmid precursors in the fame nunow. Etv- 
thn^poiesls is also rdlcctcd in Ihe appearance c^f fly- 
ihnxiyles newly rrteased hurt Lhc ciKUlAlkm. These 
eel Is are charuclerized in must specks {Equidiic 
notable euqitkw) by cytosolic remnants of ri ho soma I 
ribudludcic nciJ and can he estimated by enumeration 
[.if Kpecially si^ined -peripheral hlood ■Tcliculocyle" 
eoonts (J;lin 1964). Likewise, they are lypically some¬ 
what larger (hun more mature cellv and may ai» be 
identified by various methods to determine iheir greater 
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FIG, 27.1—Model erf efyEhropoiesis. BFU-E = Nurst-fomiing unite—Cfyihroid. CFU-E » wlonj-fonninri unit*, crythnrfd. 
GM-CSF = jfajwlixyte-frutf rap^ factor. IL-3 = interleukin-S. SCF » stem cell factor, IGF- 1 ■ insulin- 

like g re i wifi luLTnr-1, EPO = nrvChn.ijM.iLflin. f+| = si irinilubm-s. ■f—) = mliihitiirv. I MmJil il'U liuifi cutlet 2l N ■:!« and WtlbCf 

ms.i 


cell volume m their effect on mean cotpuadar volume 
of the tonal erythrocyte populaiion {Radin el al. IMfij. 

Tissue Oxi^iduIjiPii as a Stimulus. The rate of ery¬ 
throcyte production \s typically increased by conditions 
rhui dcereuftc ihe quantity ofo^n ddi^emd to tissues 
(Lee et al. 19Wi. When an animal, hcecmies anemic or 
hypoxemic, the hi mil- marrow is cumulated 1o acockraLc 
production of large numbers of crythrotytR few release 
mi.ii the circulation. Chronic puthulngic slides llial result 
in diminished blood firm through peripheral tissues, and 
especially those conditions that interfere with (wypen 
upi.,ike by the blood -a* it pusses through the pulmonary 
draikuon, ul&otnuse an uccdenuion trf eryitimpoieiiv. 
Mean failure and lung dtarocs, in pankufar. result in 
cellular hypoxia, which can trigger increased producikm 
of erythrocytes- These examples i qra crt compensatory 
iwljufiUTieflB by (he crythropoLetk: system to improve the 
capability of blond to provide adequate delivery of oxy¬ 
gen to the tissues. This incTea.sc in erythrocyte produc¬ 
tion is initiated quite rapidly in response to inadequate 
tissue oxygenation buL only becomes apparent after 

approximately 4K hours (Wd&£r 1995 L After 3-5 addi¬ 
tional days, the rote of eiylhropoiesis is maximized and 
may become as much as B-IO times norma], Erythro¬ 
cytes amtimie to he released at an accelerated rate as 
lung as the iuiimal k subjected to the pathophysiologic 
coruJitkm Llial initially reduced oxygen delivery. Thus, 
[he erythrocyte mass would have to mcreiLsc to levels suf¬ 


ficient (o compensate hr a reduction in their numbers or 
hefltogUihin content- Alternatively; Lite oxygen content of 
blood and its release in peripheral tissues would have to 
increase to levels suflkiefU tn compensate for a reduction 
in inspired oxygen tension, a decrease in oxygen uptake 
by hliH.nL in the pulmonary circulation, or impairment of 
oxygen delivers- by hemoglobin to the peripheral tissues. 
Upon resolution of the abnormality; hmpnn of oxygen 
to the (issues will normalize, and the stimulus fur 
increased erythrocyte production is thereby lost Curiae- 
quently, ciylhropoiesis decelerates. and control of the 
number of circulating en, throcytes iv relumed lo the 
usual servomechanism for replacing senescent cells. 

EryihnptMiL Inadequate oxygenation of the ery* 
thropoieiie centers of the boner marrow is not a dintci 
stimulus for increased erythrocyte production; i.e., the 
booe mmiw does not del eel or respond directly lo 
hypoxia itself. Instead, hypmift promotes release into 

Ihe circulation of a humoral factor synthesiwd and 
secreted predominantly by the kidneys, and it is ihh 
factor (cry thro pine tm i LhaL suhtifiqiienliy stimulate*, 
proliferation and diflcrentiaLkm of erytfarotd pmamns 
in hHUtnpoielic tissues (Effilcv and Besarab 1997: 
.Sawyer 1994), Hypoxia increases expression of ery¬ 
thropoietin (EPO) mRNA in mrersiiiial conical cells 
Located near the base of the renal proximal tubular cells 
I Fig. 27.2). Hepalocyles, maerophages, and even 
some euythrmd precursor cells may aim be capable of 
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pri&dudng small amounls of HPO. AlLhtwgh oxygena¬ 
tion is the key effecUw in EPO synthesis, various ago¬ 
nists (such us androgens. inlcrleukia-4. iind msulin- 
clmvpil growth IklHi) and HUgODistt (such us luiUm 1 

MCfUtlt fjflLir-fk, liiELTLL'ultLri- I. Liaid tfu.rihfonnLll.g 

growth bct«^) ibo influence its production [Erik* 
and Bcwib 1997: Sawyer 1994: Jdfcmun ct 

1W). K?i|viiiiiL'ifiia] findings, Including the- inhibition 
of EPO production at low partial pressures of oiy^en 
by cuttym itirufluxidc, provide evidence that a heme 
phmm is intimately involved in the oxygen-sensing 
mechmin (Goldberg @t al. 398 £Tl Oiling hypoxia, 
this heme protein is in its active dcoxy conirirmatitm, 
which through handing to specific ligands triggers 
expression of lhe EPO gene. When oxygen tension is 
sufficiently high, the heme protein sensor is converted 
to its iiqrthc^ oxygenated form and no longer stimu¬ 
lates EPO production. Potential Ihoipeotk implic-i- 
liflH of this mechMriun will he (Stcuned latter. 

EPO appear* to exert Lis trophic effects principally 
during the prngeniicw cull stage* of erythropoiesis 

(Enlffv and Besarah 1997; Sawyer 1994), Miiopencsis 

and dplftrtnuiuiii'jn of both the pluripmemial and unipo- 
temial hu-rsi-forming units—ery throkl and colony-form¬ 
ing units—crythroid cells are stimulated l>y EPO. in 
conjunction with other Immoral furfur*. including grun- 
ulocyte-maLTCiphjge--i:oli.iniy-sliiimluliifcg factor, inler- 
lcukm-.\ Lntciieuk in-4, stem cell furfur, insulin, and 
insulin-like growth ftKJor-J iDeMutiin et al 1994: 
Kelley cl al. 1993; Kurtz el ill. 1983). EPO may also 
play u supporting rule in promotinf lhe dilfcrenliation 
and viability of maturing crythroid cells, including 


iflducdn of glubiu mRNA transcription and suppres¬ 
sion of apoptosis in liter erythruid precursor*. 

[DeMutlmtt al 1994; Svwyer 1994; SUvtet uL 1996), 
Heterogaeky in respHulveous tn BPO among early 

cryihroid progeniHir^ and later urylhmid pn^L-ui-Mir eeIk 
appears co he related, to differences in target cell EPO 
receptor mmhen, affinity fir EPO, and/or strutiture- 
function interarfions with JKtud messengers (Kelley el 
al, I994 )l A dose-response relulicmship between Lhe 
coficentranon of EPO and the Lnhibilion oJ Ipppuajl in 
eiylhmid par-cursors btt been linked to seleclive expres¬ 
sion of a lull length or a truncated form of tlie EPO 
receptor in LurgeL cells (tUumiAfit ul. 1992). 

Erythrocyte production may be inadequate despite 
maximal stimulation by EPO This may occur if 
release of other erythropoietic humoral factors is 
jnnvfflcient 10 suppiul normal crythropoiesis, as may 
he the case in diseases characterized hy mkiwnvi* 
ronmcntal changes in the bone marrow due to inflam¬ 
mation or iwpbna (Pqdu et ah 1994). Likewise, a 
hormonal milieu conducive to erythropoiulf may 
resuk in ineffectual erythrocyte production when xpe- 
riifie nutnenis ure lacking ic g. 8 iron,copper, pyridvx- 
iue. viUllin B s ., folk ;wid| or when cryihmid precur¬ 
sor cells are premalurcly destroyed prior to 
inaLuratioii and release oi' erythroeyles from the botK 
marrow Ic.g., immune-mediaLcd destruction)* In uddt- 
lion to the production of decreased numbers of mature 
erythrocyte^ inctYcctuu.1 eryihnopoiesiB may be ctur- 
ncicrlzed by the appearance of incompldc. iuuvnUure, 
nr morphologically and functtootlly abmrnHl cells in 
lhe tire uIuLpluL 
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MICRONITRFENTS REQUIRED 
FOR EKYTtfROKJIESLS 

Menrmf^obini SynfthnfiiSi Hemoglobin synthesis is im- 
hilled in ihc early stages of erythrocyte product inn. 
become* tnieriMCtiptailly visible in Wright'* stained 
preparations during the rubric vie (or polychro- 
niaiophilie mimioblusU siage, and continues until the 
nucleus (in mammath) undergoes 
them in ihc melarubrkyle {or onhnchnniial ie nor- 

IHiPhlsihL) hliipi: (Lot L-t ail., 1999), IVoduutiLm of 4- 

aminolevulinic acid (ALA) from glycine and 
sticciny 1-CoA in Ihc milcchundria in the first, and raLe- 
limilmg. step of heme synthesis (Kiincko I997 p. This 

mebofi requires pyildaxil phosphate ll^ a cofihdot, 
and a dietary deficiency L>f viiamin R n resuli in an 

anemia morphologically and functionally characteristic 
pt decreased hemoglobin synthesis (see scciicwi on iron 
deficiency anemia below). ALA i-s transported Bo the 
cylotol, where through :i Hfitt of KUtimt it is con¬ 
verted into eopraporphyrinng.cn I El, which is ihcii 
transported hock tmo the mitochondria for derivation of 


pyknoric Jcgcmdr^i- 


protoporphyrin IX. luottoi of ferrous inm Into pr mo- 

porphyrin IX is catalysed by heme a-ynihciase (fer- 
rwheLalasei to produce the heme molecule, which is 
transferred from Lhe niiLwhoudria to the cytosol hr 

ui huLun lj[ liiii toilh glitlhiik ^Irunsi^ |lp |PrvKlucC r IwilHiglu- 

bin. During Bhis process, the iron moieiy of heme 
hecnano oxidised Bo the ferric stale., and the fenriheme 
Bhus formed is inserted into an a- or fFglobin chain. 
The fern heme-containing glohin chains spnniancciiuly 
combine 1o form ct-(3i dimers, two of which combine-, in 
nun, to pn.MluL‘C muuare hefnikiMji Mimeti, 


The 1 m Cycle. Iron is required not only far the for¬ 
mation of hemoglobin byl, aLw for myoglobin and fer- 
nKn^yisK^ such the cytodmott, cytochrome end- 
dmo, endue,, and nthcrv Because of ihc essential 

participation of iron-coniaining huhMaticc*. in nonnaJ 
cellular functions throughout the body, it is not nr* 
prising that iron is conserved and recycled in a highly 

efficient manner (Fig, 273} 1-Sindh 1997). Approxi¬ 
mately rwo-thirds of iotii| I*x1> iron i* HOtftkHd Prt 
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hemoglobin., which u distributed throughout the 
eryEhron in circulating ct 11k kmJ in immature- erythro¬ 
cyte* in ihe hematopoietic tUWI r When aged erythro¬ 
cyte! arc moved From she circulation, their hcmoglo- 
hm in rapidly metabolized hy cells of [he mononuclear 
plugocyte system. MokE oF the iron released From this 
process is itdiCUtlttd and made fnlllbk to newly 
Forming (ryt hf o cyifcl within the bone marrow. Thus. 
litLle iiron is touted* and only u small portion of dietary 
iron need normally he ibwrtMd on a daily basis* to 
maintain adequate body Mores and normal synthesis of 
hemoglobin For erythropoiesis. 'Die amount of iron 
assimilated daily by normal animals-, usually only a 
few milligrams nr Less, balances the small amount of 
iron normally lost From ihc body in huir, nails, and 
desquamation of cells. 

l"he small intestine proximal lo the midjejunum is 
the principal ubsoiptive and excretory organ for imn. 
Absorption of iron across the intestinal tnucosu is the 
rale-limiting step in controlling body stores of ihis ek* 
ment. lion is absorbed in ihe femurs (reduced) stale 
through Ihe inleslinal epillicJial cells in a process regu¬ 
lated by cnterocyle miLochondrial activity and Lyloso- 
lic imn-ehcLaling pncrtcins such us transfemn and apo- 
1'eiTi I i n, Small quantities of excess iron arc scored in ihe 
inlcsiinal epithelial cells after oxidation to the ferric 
form and combination wish apofemfctn lo form ferritin. 
This iron may subsequently be excreted from the tK*Jy 
when the E’emSin-rvnlaining enlerocytes are shed from 
iheir villous tips into the intestinal lumen. The dml** 
mg form of iruai. baud to trjnsfeitin. is irunsponed 

ihmughoui the bcnly and utilized by the hoik" marrow in 
Ihe synthesis of hemi^lobin. inn can iho he placed in 
storage as ferritin in most cdh of the body, Hpedllly 
ihe hepuiocyies. Excess iron iiwiy form intriieelMar 
aggregates with proteins and polyucdurldn Do form 
poorly soluble complexes of hemosiderin. When body 
iron stores ve increased, circulating levels of fcrrilin 
are increased, blood transferrin becomes saturated, 
and, in lum, the transfer of iron from intestinal mucosal 
cells becomes limited. This “"mucosal block" u-f iron 
absorption is thought to be an imporlanl limbing factor ( 
lluil prevents due I*x1> from accumulating non iron j| 
under normal condition*. The capacity of the mucosal 
block mechanism can he exceeded if cxocurve 
amounts of iron are ingcsCoL thereby leading 10 iimi 
toxicosis. 

Nutrient Drlickddrs Affecting Hemoglobin Synth#* 

sits, Intestinal iron abscupboi cun locffifeK up to 13* 
fold in dogs wilh chronic blood loss anemia and maxi* 
muLly stimulated oydnpoietiL This no douht occurs 
because of a reversal of the mucosal hlocl; as binding 
sites for iron become increasingly available in both the 
iran>ferrin and apnFcrritin pools. Dietary iron defi¬ 
ciency Is uncommon in adult animals (Fulton el al. 
I9J4H) hut is rcmtinely observed, in newrtalei ihiil are 
bom with limiled iron reserves and thaL principally 
COVWUne mallk or milk substitutes low iri iron concern 

(bellman d al. L^H?: Weber and Kodba 1983 ), Iron 


deficiency in adults is must often associated with 
chronic blond loss, resulting in a deficil between ihe 
rule of iron loss and the rate of dietary iron intake 
(W-eiscr and O’Gmdy 1 C )KH). Iron deficiency is mani¬ 
fested initially as a normocyLic, hypochromic anemia, 
owing to impaired hemoglobin synthesis Asino Atom 
art depleted und hemoglobin Synthesis is further hand¬ 
icapped. ihe anemia typically becomes microcytic and 
hypochromic, [ton deficiency anemia may also be due 
lo increased removal ol erydnucytes from ihe circula¬ 
tion. Iron deficiency appears to increase erythrocyte 
fragility. thereby shurtening their life spun, perhaps due 
lo decreased eryEhjucylic gluLalliione peroxidase Ktlv- 
ily and decreased capacity to pteveftl oxidative iLiiUlage 
lo the cell iiH'iilhraiK' udtor hemoglobin (Wl- iscr and 
O’Grudy 1983 k 

Jl is. thought iliui lit? concentration of hemoglobin in 
miUUring aytbiwl precursor cells determines the num¬ 
ber of cell divisions prior cl> release From the hone mar¬ 
row. Thus., impaired hemoglobin synthesis, leads to 
boch decreased celt beongtobin conlcni and additional 

cell divisions, resulting in smaller mature erythrocytes. 

Dietary viiainin B |3 deficiency likewise results in a 
miiTucyiic, hypochromic anemia, owing io impaired 
hemoglobin synthesis. Ceruloplasmin, the principal 
copper-bunding protein in the body* also ftuctfou M a 
fenrixixidase. In this rok. il is mpotulhle fL?r ihe oxi- 
dBtkto of Ferrous iron from ferritin to ferric iron lor 
transport in iransFcrrin and subsequent LncorpKxration 
into heme proteins. A dktfkicncy of copper and of ier- 
rwxidase 3 #tiviiy will therefore effectively rcsull in an 
iron deficiOKy and also produce a microcytic, 
hypochromic nnemia. 

Nutrteint Deficiencies Affecting Ddiisian 
of Eryihraid Precursor Crtk 

Vetamih B 9 ,. CynnucohidaiiLin {vtltimin B M ) is a 
cobalt-cLuiuiiaiing viuunin required by cells Etarangbout 
the body fur emwerston of rthas£ nuelcotkles into 
deoxyribose nudcnricics, a major step in the Formation 
of LteL?xyfLhiwiueleie acid (DMA), Thus. iE is an essen¬ 
tial nutrient fur nuclear maturniion and cell division, 
and deficiency of this vitamin resulis m generalized 
depression of cellular iLevetopment and tissue growth. 
Beeauve (he erythropnielic centers <jf Ehc bone marrow 
are among the most rapidly growing and proNEcnitm.g 
tissues, inadequate amounts of cyunw.ohula.inin ure 
especially manifested by {ketones in erythrocyte 
pmduclion. 

Fryiluocytic precursors liul lo mature pDOfKriy under 
conditions if vitumln B . deficieney. iiitd cell pmlifera- 
lincn is inhibiled *Lre ti id. MW9) r bnlnd of repeated 
divisions yielding numerous progressively smulter 
progeny* (be more primitive cells of the crythroid series 

undergo fewer cell divisions, continue Eo synthesize 
hemoglobin, and remain Larger than normal. The 
enlarged cells typically jetain an imnuiture nucleus und 
develop nnadfbrmed and fragile cell IDflnbffmH. The 
affected precursor cells are termed > 1o^doUlftl r 1fc und 
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the corresponding unucleiUe mature L‘rylJirtx.ylt'v arc 
termed Tn iiltoc vte s_" The latter am Lain norma] con- 

JF 

cetilratkms of hemoglobin and are capable of tfUU- 
porting oxygen after entering the ciTCttlalkift, However, 
immaiuncy of both [he megjlobla.sis and the macro¬ 
cytes results in increased cellular rr.ie.ilit>; causing the 
cells- tu have a shortened life span.. Thus, btiih 
decreased rates of erythiopuicsis and increased rales of 
crytUirocyte senescence contribute to the dewtopmalt 
of (he macrocytic, mirmochrufii.it: anemia characteristic 
of a vitamin B j2 deficiency, ibis should not be con¬ 
fused with the nonno- or hypochromic, macrocytic 
changes typical of many regenerative anemias, therein 
larger and less mature amaclcate erythrocytes are 
released into the circulation (Jain I 986). 

A major cause of maturation failure of erythrocytes 
in humans is a defect in mleslirtal absorption of v ham in 
B I: _, re suiting in "pemickjus anemia" 1 (Lfieei at, 1999). 
This condition m IWDCiDed most commonly with fail¬ 
ure of the gastric mucus* to produce “intrinsic factor,” 

it glycoprotein substance that combines with dietary 
vitamin B,, to protcci it from digestive enzymes and to 
promote its uptake by pjnocylin&i.s inm Intestinal epithe¬ 
lial cells. Absorbed vitamin is Lhen released into the 
blood and stored in the liver. The large quantity and 
long biological half-lift of D,, in the liver may result in 
a lag time of many mouths between insufficient intake 
of tile vitamin and expression of deficiency as a malu- 

ration fiilure in circulating aydneytes, 

Naturally occurring inemh due to vitamin B 1; defi¬ 
ciency is infrequently recognized in domestic animals. 
A hereditary defect in intestinal cobalunin absorption 

has been identified in dogs, hut intestinal malahsurp- 
iion associated with exocrine pancreatic insufficiency 
or small intestinal bacterial overgrowth is more com - 
mon (see Chap. 36). Nevertheless, a vitamin 
B,,-responsive macrocytic anemia is rarely observed. 
Adult ruminants are nut dependent on a dietary source 
of Lhis vitamin because ruminal niicroflora synthesize 
all the required supplies of cy anucntxdamjn. However, 
a dietary some of cobalt is required by rumi nal organ¬ 
isms to synthesize vitamin B r and cubit It shortage can 
result in an indirect deficiency of the vitamin. Enteric 
bacteria of many nonnimnuml species cun also synlhe- 
si/e cyanocobalamiii. thereby reducing the need lor a 
dietary source, However, vitamin B,, deficiencies may 
still result from inadequate absorption of die vilu.iiiin 
from the digestive tract. 

Four Acid, Fbcroylglutamic acid (folic acid), like 

cyanoeohaliimin. is. an obligate participant in the syn- 

ihesis of nuelenprolcins involved in erythrocyte divi¬ 
sion and maturation (I j-e ct aL IW). Anemia associ¬ 
ated with a lack of folk" acid arc, therefore, also 
characterized as megaloblastic and macrocytic.. Folic 
acid deficiency IMIIkifld are considered rare in most 
species; however, naturally occurring f'date antagonists 
in moldy feeds, can block intestinal microbial synthesis 
of fuLacin in herbivores. Folic acid—responsive anemias 
may occur ill animals treated with synthetic folate 


antagonists for their antincaplastic (methotrexate) nr 
antimicrobial ^sullcuuunides) activities. likewi^:. the 
anticonvulsants pbeaytoin ant! pri undone may alvo 
have folaie-ataag^npisite activity. 


Protein. Protein in adequate snutats is important 
fur j normal rate of hemoglobin synthesis and erythro¬ 
cyte production. A primary deficiency of protein in the 
diet, or j secondary deficiency subsequent to intestinal 
or urinary protein loess, can contribute to the develop¬ 
ment ol anemia. hfcTrenheleSS, protein deficiency, by 
itself, has not been demon-siraled as an important cause 
of anemi-ii in domestic animaJs, and treatment with pro¬ 
tein alone will not correct anemia of any cause. As a 
supportive measure, protein supplementation may be ol 
benefit to the palienl convalescing from anemia, partic¬ 
ularly if hypoprotei iiendu i* a concurrent problem. 


OTHER. Nutiuehts. Production of normal erythro- 

cytes is influenced directly or indirectly by several 
nutrients that act as eoenzyines. or eofaetors in the >yn■ 
iti^sis of hemoglobin, metabolic enzymes, «" other 
ini portion structural and functional proteins.. These 
include riboflavin, niacin, pantothenic acid. thiamin. 


biotin, and ascorbic acid. Anlioaidanl vitamins A. E, 
and C play an important, rob in protecting erythrocytes 
□gainst oxidative damage lintn free radicals, and their 
deficiency can contribute to shortened erythrocyte wir- 


s ival in the circulation. Reeerri studies have id so shown 


that vitamin A exerts a specific effect to stimulate EPG 
production by quenching reactive oxygen species, 
thereby enhancing die production of a ligand termed 
'‘hyposia-induciWe factor-1" which activates m 
enhancer element in the EPO gene (lelkmann et al. 
1997), It is possible chat gufpterocntaCkffl with vitamin 
A or its carotenoid precursors may be useful a* adjure- 
live therapy for the anemia of chronic renal disease, by 
increasing intrinsic EPO production. Primary deficien¬ 
cies of most nutrient eofaclors are rarely seen in 
domestic; animals; exceptions. will he noted in subse¬ 
quent paragraphs w hen different types of anemias are 
considered. Details about viuuniits and trace minerals 


arc provided in Section 9. 


ANEMIA. Inadequate erythrocyte mass is usually a 
secondary condilion rather Lhan a primary disorder. 
Anemia is best regarded as an important clinical sign 
indicative of iiii underlying poihiiphyfckilcigic process 
that rntist be identified and corrected il hematopoietic 
therapy is Id be success! ill; c.g., it would be irrational 
to administer iron to an animal with iron deficiency 
anemia due to gastrointestinal parasitism if the parasite 

burden is not also reduced. Knowledge about hematinic 
drugs should be integrated into a rocii ifiiil approach to 

manage meat of anemia that depends upon ntentiffeexi- 
liM and treatment of etkilogie factors. 

ClusfflcallM of A Hern ph. Several classification 

systems have been u^ed to describe -different forms of 
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iH£mB(R|. 27.4). ‘ETr b m! iysBems unr bused on smnl 
wUbla k including etidogy. cbn^cs m erythrocyte 
rmirphokigy; and degree of botK mamw rc^coerllivc 

fespense (BenIke oi id. 2000; Weiser 1995). The das- 
*i ficatlon scheme involving (he bone memnv regencra- 
tive ittjxmse is necewy to deramline the integrity of 

die tfJ>lhmiptKieliL- nrspiMfeu?, jukJ c>b*L-rValii:*ri ol L'hartijies 

iii moff holugy is useful in refiflrirtg the etiologic diug- 

mHii (Table 27.2). 

Tn a regenerative anemia, (here is no problem intrin¬ 
sic to erythrocyte production by hcmaiftpntecu: tissues. 
Hie erythrmd marrow responds (o inadequate erythro¬ 
cyte mass by accelerating ffydimp^esii, which K 
re fleeted in peripheral blood by the Appearance of poly- 

chrom^La in Wright"s Gained Hood films, retie ukiey- 
tesis >60.01 K^ml., in new methylene hflue or bmm 
ci«4il preen stained blood films, and perhaps even the 

appearance of nucleated erytfuH^es (Werner 1995), 

Chrurik blood loss from (Ik body* nr ilKTCJUed rales of 

evylhrocyte destruction ire the principal cause* of 
regenerative wmiat (Fig. 27.4). 

In ll mm regenerative WKtma, the erythropoietic 
response ji msufikient relative to the required rale of 
replacement of senescent, damaged, or lost erythro¬ 
cytes. Both exlnir- and mtramarimv diseases can be 

responsible for llle decreased production or ifNiluratiuu 
□hmirmnlttie-H. characteristic of nonregeneral ive ane¬ 
mias. (Fig. 27.4). Peripheral blood demomtnws none 

of the lypicaJ features of accelerated nythropuMs 

expected in a regenerative anemia. There is an absence 

of SUlicieni pulychRHUtui. and a decrease, or negligi¬ 
ble increase, in (he Micutocyte count (<ftfj,00(Vnil-) r 
Instead, there i* a reduction in the circulating numbers 

of miHpholDfgically normal erythrocytes imumtxyljc. 


normochromic anemia) or (he appearance of rmirpho- 
logkrally ahnonnai cells ( macroeyt ic or microcytic anc- 
mias j, which may have abnormal hemoglobin content 
(hypochiomic anemia) (Table 27.2Jl 

BIihkI Luvs Anemia. Loss of blood from the vaseular 

Kfiiuri* 1 , whc'lJiifr In ibc CSttL-nnr nf thf hiwly nr li> 

£Xiftttir$eijlif regions within the itsKiKMi. can be acute 

of chronic. The principal pathophysiologic effect of 

acuie hi mi iff huge is hypovolemia father than iruide- 

qusde erythrocyte mas*: e.g,„ the patient with acute. 

muthe Mood loss will more likely die of hemor¬ 
rhagic shfsek before an anemia is manifested, If the 
animal survives acute hemorrhage, and especially if 
blood loss continues chronically, anemia may occur 
as erythropoietic capabilities are exceeded- Erythro¬ 
cyte parameters such as packed-cell volume iPCVj 
afldl hemoglobin eonlent ean be normal fur up Ll> 18 
hours after acute blood lt>ss. In bicL Che PCV ^rnd 

hemuglobin content may transiently increase follow¬ 
ing sympfltlieiic adivatiurt. splenic tontryiciiim. 4imJ 
release of “residuai” erythroeytCTs from the s-pleen. 
HcmLKlilulion then tseeurs u a result of mobilization 
iH e*trava>4:ular fluids following changes in the bal¬ 
ance of capillary hydrostatic pressure and interstitial 
oiteoiic pressure. The eryihropoietk: response is initi¬ 
ated shortly thereafter, ow ing tn defection of hypoxia 

by the kidney, release of EPO. and stimulation of cry- 

thro id stem cell and precursor cel I division and dsffcr- 

entialion, A maximal erythropoietic response may 

require appnusirriytcly S days after the hemorthugic 
event, and f esiorsi ion of normal erythrocyte mass can 
he complete witlhin 7-10day* following a single hem¬ 
orrhagic epistjde. 
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Mtirpluslufie dasiiftcaiiori 

Hinwflofatn 

tirylhrixylL si/c iuIllL'fU Eliolagic dauriJkttkrti 


Macrocytk 


Mijrixy lie 


Ni/irmotycic 


NVsrmiX'yik 

Microcytic 

MlLflKLyLlL" 


NcifirKvlminiic 


HyptKfktafnie 


Sivrmwhnirnic 


Hypochromic 

NumfcxhronLic 

HyptxliKfemu. 


C 4 jhu.lL ur vi Lint in _ dcfittatiCV 
hriie Mid ik hs-iciiLT 

FcLV-MSiDcialffid nnj-dodysfilfi&ia 
('nnguni lal 4.TylJin.if'HiiLiK: |w.irplS)am 
InfrequenT.. asymptomatic chnrucieristk oF toy und miniature 
Tnuisicnl .nidi Li cut ticCUrrtttg during I fac acute ph&£ uf LcyClkniid 
regefHsralik*n following erythrocyte itetfroctiurt Or-acute WinxJ Ism*: 
Hnnoljttla 

Mood pwisitra and rickettsial agent* 

kxlcrnal i nlcTvl iliiis 

viral infections 

ttelTlH^Ss LUld fillUgN 

ftiki&hOtai pi ail Eii- and WMffli 

intrinsic; erylhnxyle tkfeds/eo?y™ tMcfcutfcft 
immune - mediated 
metabolic disuses 
4ftmode ly%is 

Hemofrtttge 

cslmial 

internal 

Acute hlcKxS lo« prior to end of regenerative response 
Anoint a of chromic inflammatory disciM 

MyuliKLyhpla.s 1 uV 111 yuU 2 gm.il lieTaLivc debase 
tnfiltrntive meoplutk disense 

MviftcUvodi 

I'trLV-J'MVi aled my irl lhIvs pI m ia 

Immune-medinted dHtrutfion -of erylhrnjd pro^anhor cdfe resulting in 

“"appait.'nl LTytltroid liypijfibsia."' 

Anemtu oF chronic renal failure 
Anemia, oF certain endkxrire^hieA: 
fay pt^dn:ihxx)rikixni 
Jtypjlhrnidism 

peuih V |hif'iLlu iLiri :> m 

hy panHnfEuni 

Kypen^ErnyEfmsin 
Lead ptii&Hiiiiti 

Cytologic imiw damage 

nidiarliun 

dKnalfi 

bracken fern poisoning 
Early iron defKicnh’y 
Iron doheieney in progression 
Normal. avyrnptomiitic dmraeleristic of Japmewf- Akims 

Iron ik:I IL IL'IILV 

enitgeniLal anuniij. nF nixmatus 

chronic external blood less 

ehnmie ga \1 ix h ni 13 Linail Mitcxl lusv 

infeshMiofi with hcmjiophmgous parasites 
Copper ikfLciensty 

S ridos ine deficiency 

Lilybdciyuin tonaCiLy 


Source: Mx-dified from Adamv 1995 and Juin 19Kb. 


Chronic Houorrhugc und Iron LMkkmy 
Aiiemiu, If Mood loss ccmibllies, sufficient imn even- 
Uifllly will he kwt from she body In produce an iron- 
dcplcied slide even wish cominucd ingcMion of the 
u sual quantities of dietary iron and increased efficiency 
of iron absorption. Under these conditions., the rate of 
hertkiglubin loss exceeds that of iron Lib^irpliun. so that 
the animal experiences a negahve iron balance. The 

diuruigtf of iron may severely impede ccythrapriflis, 

artd die typiciil mkrocyiic. Il>pwtatrmk unertlia devel¬ 
ops it'hNxid Iltss crinlanue-s. This is ihc type of iron deli- 


dtincy anemaj OMKft commonly encounLcred in com- 
pflmcsn mnirnifll^u and typically occurs with chronic gus- 
croinEesEtnal hlcK>d loss due to ptf Bton , hlwding 
ulcers, irUammatnry 1 bowel disease^ or hemorrhaging: 
tunux>. 

Hmuriyik Anemia, t^e^lrijiclaon of erythrocytes 

occurs in voiitiws ddsease Mates in domestic animals. 
Variou-1. blood pyniMtes Hnflp/ujm Itnfcsm. Htmo- 

bftrtemella. Eperylhfvztwnt CylnH.\rtitm L ricketbia 

iEhrlkhiii}, hiitiieriJ C/^.i/yj.v^.ir/TJ, f I. wind 
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viruses (feline leukemia virus, equine ieifeeiiou^ arte* 

1M&) have been aNSociated with hemolytic anemias. A 

variety of ch e mica l agents (sapenins, snake venoms. 

phatoth iodines), trace elements (lead. copper k and (M- 
ICMLS from poisonous plains (red maple, onion) are 
additional potential extrinsic causes of he mid y si s (H ur- 
vej 1997). hnmune-mediated hemolytic anemia fol¬ 
lowing pharmaceutical adhiiiii&tjratkifig VaCcirtutiuO, nr 
blond iransfusion or of idiopathic origin hius also been 
observed in all species. This is typically characterized 
by lilt observation of spherocyEes in peripheral blood 
fllms. These cdE have normal volume hut appear to be 
smaller and without (he usual Neo«K;ave disk appear 
aoce of healthy erythrocytes (Weiner 1995). Following 
npMJBiijpaLkifi hy anlilxKly and/or complement. it is- 
thought that portions of the damaged cell membram 1 
are removed by eel Is of the monijnueleaj phagocyte 
system, thereby reducing I he ralao of cell surface area 
to cell volume. Cross-Linking of erythrocytes. by onti- 
tKHJacs. can result in microscopic or macroscopic 
autoagglutinaiion,, v. hich may in some cases be tem¬ 
perature sensitive (cold vs. warm "hemaggluiimiiiH'T. 

In cattle, hemolytic anemia has been associated with 
Ilypuphosphawmic, post partu rienc hemoglubi nu ria 
(Harvey 1997). Congenital porphyria in cattle, pigs, 
caJ&, and humans resulling from genetically defective 

hemoglobin metabolism leads to aevumulaiion of 
abnormal porphyrins in erythrocytic piucunom. which 

results in hemolysis (Kameko 1997). The human types- 
of hereditary hemolytic anemias such as sickle cell dis¬ 
ease and the thalassemias are not well documented in 
animals. Erythrocytic enzyme deficiencies, including 

glucose-b-phLisphate dehydrogenase, phosphofructoki- 
njsLs ajflU pyruvate kiEia.se, liave been idem i tied in ani¬ 
mals with hereditary forms of hemolytic anemia (Har¬ 
vey 1997). 

Intact erytitracytes. remaining in the Mood may con¬ 
tain normal amounts of hemoglobin during hemolytic 
anemia. In the case of iron or copper deficiency. pee- 

dispisihiHi to oxidative iKiiuilysk may lit:- coupled with 
the traditional findings of hypochromic micmcytneiK 
Erythroid centers of the bone marrow are usually 
hypoplastic, and iron from detroyed erythrocytes 
underuses rapid recycling to support accelerated ery- 
diropoiesis. The appearance of immature erythrocytes 
in the peripheral trinod is common. resulting in a 
regenerative hypo- or rwirniK'hromic nuicrocytosis. 
po*lychromusiii. and reCiculucytosis. 

"Hemolytic anemia with Hein/ body Formation is 
characteristic of exposure of erythrocytes to agents that 
mediate oxidative damage tmd induce deoslurcliiofi of 
hemogtobin (Harvey 1997), These include methylene 
blue (urinary antiseptic), pbenothiiL/ines (tranquiliz¬ 
ers). dos.iwubici.ifc (Guilincnplostic). propylene glycol 
(dietary hiuncciant), benzyl alcohol i preservative t, and 
ally I disulfides (phynxihemteals), Because of low 
hepatic eon jug alive enzyme activities, cats have 
decreased capacity relative to other mammals to deac¬ 
tivate oxidative toxicants (FelUtum 1991). In addition, 
feline hemoglobin is uniquely susceptible to oxidative 


damage. leading to a. propensity for Heinz body forma¬ 
tion in oxidatively damaged feline erythrocytes 
(Fetlrtlart 1991). Christopher (1989) studied She rclo- 

Lujn^hips between disease in 120 cats and the occur¬ 
rence of Heinz bodies. Diabetes mellitus was most 
commonly assocLated with Heinz bodies (15,$% of the 
cases), followed by hyperthyroidism (125%), lym¬ 
phoma (10-8%), and iKritheotic CtiKtf (10.8%). 


Non regenerative (II) po-plastae) Anemia, Anemia 
associated with bone marrow dys I unction may or may 
no! he accompanied by defective prodbciion of other 
cell lines when gntnulocyie and thruinbocyie produc¬ 
tion is also affected Hypoplastic anemia occurs rarely 
as an idiopathic disorder. Potential exlrumurrow causes 
include exposure to bone marrow-suppressive chemi¬ 
cals. (pesticides, insecticides, antineoplastie agents), 
endocrine failure affecting cell division and erytiiro- 
poiesis (EPO, insulin, thyroid horwme>l chronic 
inflam«mali4in/infcelion, feline leukemia virus infec¬ 
tion, and nutrient deficiencies, as described earlier (Fig. 
27.4), Potential intromanm causes include primary 
myelodysplastic and myeloproliferative diseases, iintil- 
Lratiive neoplastic diseases, and feline leukemia virus 
infection. A particular form of ‘“apparent erylhmiri 
hypoplasia" fm been associated with imnumtMnedi- 
aied destnuctioti of erythroid precursor cells (Jonas ei 
al I9S7: Hollnwnyctid. 199111. There may appear to he 
hyperplasia of early nuc leated erythrocytes, hul a "mat- 
urxtiCMi arrest " nf the erythroid line occurs, owing tn 
phagocytosis and destruction of antibcMly/complemenl- 
fixatcd precursors. Ihe peripheral Wood is devoid of 
polychromalophilie erythrocytes or reticulewyfes, wnd 
mi the anemia appears to he hypoplastic. 


Primary I Mel ary Iron Dtfkltncy Anemia, Iron* 
responsive, microcytic, hypochromic anemia is rela¬ 
tively comiiwn in neonates of all species (Weiset and 
Kociba 1983) but is especially important in the swine 
industry (Hubhard ct al. 1951). Pigs are born with lim¬ 
ited body stores of iron (and copper), and sow's milk 

provides only ciue-seveinilh the daily requirement of i ron 

for growth (Smith 1997). Hie incidence and stucepti- 

of suckling pigs to iron deficiency anemia have 



increased in poralkl with an increase in intensification 
of metdenn husbandry techniques aimed al increasing 
weaning weight. Rapidly growing pip are tile most 
susceptible. In the p«H. pigs nn^cd on natural din sur¬ 
faces hud free access to considerable amounts of iron in 
Ihc soil. Pigs ingest only a limited amount of iron from 
their emnmnmcnl when kept on clean concrete floors. 
Clinical signs of anemia can develop by 5 weeks of age 
if preventive therapy with inm is umilted. Approxi¬ 
mately 300 mg of iron must be absorbed by ihe baby 
pig during the first 3 weeks of life, but only ~2l mg 
(I mgi'day) is acquired by ingestion of sow's urn Ik and 
perhaps only 10G rng may be obuiined from the envi¬ 
ronment during this time period. Thus, piigs ruistaj 

200 mg of 

iron iit their First 3 weeks. Supplementatioti is needed 


in litis miinner are api to be lacking nearly 
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for approximately the first 5 weeks of life, until baby 
pigs CSO CMflUK creep feed Id provide the required 
iron. 

Amentia of baby pi l*:k is hypochromic and microcytic, 
typical of iron deficiency. Some pips may seem fiririy 
well nourished, hul problems develop, exhibited in 
poor grouLh, li*llcs*Tic&s, rough hair cdst, wrinkled 
skin, and drooping ears ami tails. The pigs may exhibit 
dyspnea, fatigue, pale skin, pale mucous membranes, 
and increased susceptibility to disease. Sudden death is 
not uncommon, and the mortality rale may be hi eh. 

POLYCYTHEMIA. A relative or absolute ilHW 
in ihe eoneentratinn of circulating erythrocyte* is 
termed "'poLyeythemia"' i Campbell 1990)* An increase 
m erythrocyte numbers is usually associated with a cor- 
reqxnding increaie in the hemoglobin conceiiiraLioEi 
of ihe blood ifi well. Relative polycythemia^ or “cry- 
ihrocyUMLH. 1 ' results from loss of Ehe fluid component 

of blood, nr “■hemcKoneentraiinnr This is often a Iran* 

sic rut state secondary to dehydration as a result of pro¬ 
longed vomiting, persistent diarrhea, polyuria, exces¬ 
sive swearing* or loss by exudation and evaporation 
from bums and large wounds. Beeause this loss of fluid 
nfiy be superimposed upon a deficiency of erythro¬ 
cyte*,. it i& possible that hemnconcenliration may 

obscure the detection of anemia. If fluid km is tccom- 
piuiied by protein loss as well, it may not be potsibk to 
use hyperpamcincmia as an index of hemnconccutra- 
lion. Thus, evaluation of physical signs of hypovolemia 
(skin resiliency, capillary refill lime, enpphttialmos, 
etc.) is essential in identifying concurrent hcmocon- 
centrution and anemia. 

Absolute polycythemia is character ized by an 
increase in Lhe total crylhnxn. It may be transient, due 
to release of stored cells following sympathetically 
mediated splenic contraction but is usually associated 
with hyperplasia of' erythropoietic dements of the hone 
marrow. It can be idiopathic as a primary disorder 
termed “polyeytliemra vem," wherein no other discuses 
may be found, and EPO levels are normal or decreased 
(Cook and Lothrop 1994; Raster and Giger 1996). 

Absolute polycythemia can al-vo result from a physifr 
logically inappropriate increase in trythrogenesiSpi 
stimulated! by excessive release of erythropoietic 
humoral factors such as EPO. Tumor-siASOciat^d poly- [ 
vy the mi a has been observed with many types of neo¬ 
plasia ait humans, including renal cell carcinoma, 
hepatoma, pheocbrdrojocyioma^ and adrcnoconicnl 
tumors. It has been repented in dogs with carcinoma, 
fibrosarcoma, or lymplmsureoma of the kidneys (Corse 
1988; Nelson and Hager 1983; Peterson and Zanjani 
1981). Physiologically i^propmli absolute poly¬ 
cythemia can also develop sceondary to diseases asso- 
ciuted with chronic hypoxia that stimulate KPO release 
from the kidneys. Examples include "TighJ-tQ-lefr cir T 
dilatory shunts, chronic pulmonary disease, or resi¬ 
dence al high nllitude, causing decreased partial pres¬ 
sure of inspired oxygen, 


Clinical signs of polycythemia include plethora 

(ruddy mucous membrane*), central nervous system 
disorders (seizures, ataxia, lethargy, dementia, blind- 
ness), and episode* of bleeding icpi^Laxis. hemaleme- 
sts. hemalochezia. and hematuria) (Campbell 1990). 
Many of these signs stem from increased blood viscos¬ 
ity that impedes blood flow, distends small capillaries, 
and predisposes to thrombosis and rupture of small 
vessels. 

Treatment of secondary polycythemia should be 
directed at Lhe primary disease and improvement of 
oxygen delivery to tissues. Likewise, paraneoplastic 
syndromes nf absolute polycythoola may respond to 
removal of the tumor. Phlebotomy may be indicated for 
patients whose absolute polycythemia is responsible 
for clinical signs, before treatment can be directed at 
Lhe tumor or myeloproliferative disorder responsible 
for excessive erythropoiesis. Various mydtteuppressive 
drugs have been used to decrease eryihropinesis in 
paLients with idiopathic polycythemia. 'these include 
cbJorambocil. Imwlfea melphalan, hydroxyurea, and 
radiophosphorus (*-?) (Campbell 1990; Peterson and 
Randolph 1.982; Smith and Titnrcl 1989), 

TREATMENT OF ANEMIA 

Rlnnd Losii Anemia 

Acute Hemorrhage, The life-threatening problem 

in aninuilh experiencing a single, acute episode of 
blood loss i> hypovolemia leading to the onset of hem- 
orrhagie shock. Blond volume repletion is the main 

therapeutic goal in these patient*, usually on an emer¬ 
gency basis accompanied hy other cardiopulmonary 
rcsusci Lath e procedures. TrarwfvKion of whole Wood is 
not always necessary under these conditions because 
the remaining endogenous erythrocyte mau generally 
is sufficient for hcmnglohm-oxygen transport if vol¬ 
ume repletion is sufficient. A balanced, crystalloid solu¬ 
tion, comparable in composition to norma] extracellu¬ 
lar fluid, many be adequate. When Lhe source of 
hcfnflrrh^ge has been controlled, additional use of a 
hypertonic crystellcrid solution, sudi as 7.2^fc sodium 
chloride- may be indicated to promote Hu id redistribu¬ 
tion from esflOTascular tissues to the vascular compart- 

merit, us well as for its positive inotropic effects on the 
heart (Fetiman 1985), If 1 lucre is significant hypopro- 
teinemia, vascular fluid loss, to the exuivraular lis- 

v.i Of Lnsiifflck-Iil i L'stuaai mn of bUmd fol¬ 

lowing crystalloid fluid administratism, synthetic 

colloid-eonlaining solutions may be indicated (RudkdT 
and Kirby 1997). These include 0.9% saline solutions 
sv 11 h 6— 10% LSextran-^t). DexLraii-"?t) t penlastarch. or 
hctasiareh, buL caution is Ufgjfid for patients with preex¬ 
isting dehydration, underlying renal disease. or coagu- 
laiion abnormalities, Plasma transfusions, may also be 
effective, hui they dn carry some Ns*, of adverse 
immunologic iwtiw or occult infectious disease 
transmission. 



>pyrighted materia 
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If iin acute bleeding episode ctmtiilLifts for a letlglliy 
irttervaJ {e.g., in u major surgical procedure), eiy'lhrocyie 

nus may become inadequate far mygm knaporl 

despite hi in h 1 volume maintenance with crystalloid or 

colloid solutions, At this point, hemoglobin replacement 

llhttipy is i ]hdic&[ed ihrough whole-Wood transfusion, 

packed red Wood cell transfusion. or administration of a 
cell-free, chemically modified hemoglobin solution. 
Whole*Wood or packedeill transfixions, npre ready 

accessibility to blood type-matched donors and/or [he 
means for processing, scoring, and replenishing supplies 
of fresh blood produces < Cal Lam eL all. ]99fi; Harrell ci al. 
1997a, b; Kerl and Hohenhaus 1993; Wardrop et aL 
1997). TransfiO-sipn reactions are a significant concern 
even when crosa-maLch tesla have been performed, 
because anti bodies to other Wood components or small 
amounts of antibodies lo erythrocytes may not be 
detected. Became of Lhe complexity and cost of n mi ro¬ 
utining an acceptable blood tfansfixioo pngram, cell- 
free polymerized hemoglobim BWutioos have recently 
received increased attention an the human and. veterinary 
medied communities. Only one polymerized, uitrapuri- 
fied bovine hemoglobin preparation has received FDA 
approval far veterinary use, hue chemically modified 
hemoglobin solutions that have been studied include 
polymerized, pyridoxy luted* struma-tree human hemo¬ 
globin. fumaryl-pP-ciuss-linked bovine hemoglobin, 
and polyethylene gIycol-poIymen-red bovine hemoglo¬ 
bin (Gilroy ami Odliig^mee 1990: Migitaet al. 1997’ 
Sprung el al. 1995; UtatOWdU el ul. 19%). These solu¬ 
tions have a colloid osmotic pressure simitar lo that of 
whole blond, a WB for oxygen lower than that of whole 
blood but adequate fur efficient: oxygen delivery in clin¬ 
ical situations,, and. an extended shelf life compared to 
fresh blood products. They have been shown to be more 
effective Lban colloid solutions in restoring blood vol ¬ 
ume, oxygen (ramsport, and cardiovascular pcrfnrmuLrM:c 
in etperilDeflUl models of hemorrhagic shock in rats, 
cats, dogs, and sheep. There are indications- 1 hat some 
cell-free, polymerized hemoglobin solutions may also 
exert erythropoietic effects on the hone marrow, chough 
Lhe mechanism remains vague. 


Chronic HkwiKJIHaGE. Successful therapy for 
chronic Wood loss anemia requires lhe diagnosis and 
treat men I of lhe inciting ailment as the principal: objec¬ 
tive. Seven anemia may require transfusion of whole 


blood or blood products. Jn adklitiun to general sup- 
|H>i[]ve care and adequate nutrition, prolonged therapy 
with iron or other erythropoietic nulnenls may be indi¬ 
cated. Because patients with chronic anemia are princi¬ 
pally deficient in cryttrocytes. plasma components 
may not be necessary. However, it is not unusual far 
anemic animals lu be dehydrated as well; this may lead 
to circulatory shock and seems to be associated with 
packed-nil volumes of less than 15% in dogs and less 
chan 12% in cals. BIckmJ volume expansion is indkau il 
under these cirnimslant es. for which whole blood or 


cell-free, polymerized hemoglobin. crystalloid.. and/or 
colloid solutions may be heneficial. 


Baby l fc ig AuemliL Anemia of newborn pig* can be 
(■evented by a variety of methods. Because of the labor 
involved in. repeated oral Adminlsteatiow. a single 
intramuscular injection of an irnn compound (e.g,, 
100-150 mg deottnlal iron as iron dcxirsm) m «bc sec¬ 
ond or third day of life is often the preferred method of 


treatment. Within ,1 days of iron admimseration, blood 
hemoglobin concentrations increase markedly (Fig. 
27-5), and recipients respond by ingesting more milk 
and growing more rapidly than untreated pngv Because 
copper deficiency may also participate in the paLhogcn- 
csis of baby pig anemia, application of iron-copper 
preparations lo the sow's udder has also proven effec¬ 
tive in preventing this form of anemia. 

It™ dexCrans are frequently Uteri iron supplements 
in newborn pigs; these compounds are absorbed into 

die lymphatic system within 3 days, following infra- 
muscukr injection. Tlw process of absorbing and mans- 

from the injection site into the lym- 
is achieved predominantly by 




iron 


lutic 



i phages 


portion 


remains in the connective tissue at lhe injection site as 
a continuing, hul less available, depot of iron. Iron dex- 
Iran passes rapidly from the lymphatics into lhe blood 
and readily enters cells of lhe tnpononudear phagocyte 
system throughout the body. Separation of the free iron 
from die polysaccharide occurs in these cells, and the 
dextran is largely excreted in the urine or metabolized 


s 



FIG. 27.5 —In Hue litre cif iichi ttonpy upon the henmglnhin 
value irf newton pags-. (Bum Hubbard cl nl. 1952 . i 
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to glucose. The free iron enters Lhc blood and combines 
with transferrin for transport throughout the body. 
There is no established indication for iron therapy in 

pigs weighing 20 kg or more. Should anemia occur in 

older swine, it is more lilcciv asaocLaicd wj|h an mice- 
tlcMd^, agent or chronic blond loss than wiLh a simple 
dietary deficiency of iron. Administration of iron 

pteparatiofi^ to prevent tail biting and other social vices 

ii ilI uec:H.I by confinement is imc indicated and has been 
associated with discolnrulion and condemnation of 
meat at slaughter. 


ilcmnbtic Anemia. This condition is often a direct 
result of specific chemical, injections,or antigenic agents 
that elkril oxidative or i mmunological damage loctyLhno- 
Lytes.. Supportoe Lhicnipy inciudo transfusion of whole 
blood or blood products if tissue oiygenaLion is suffi¬ 
ciently cojnpncmised. Specific treatment should fucus on 
idenlilicaLion and elimination of lhc eholngic agents 
liable 27,2), sis discussed in detail elsewhere in this book. 
Exiting OJudaLive damage Co cryLlanxytes is difficuh to 
reverse, but continued injury may he ameliorated by 
antiovidujii^or MihsUiiices that proftiLMe endtigenous ftce- 
radical-TWiavcnging mechanisms. Intravenous iV-aeetyl- 
cystcme has been empLoved as a glutathione precursor in 
subduing the acUcm> of oxidative drugs, including aceta¬ 
minophen. propofol, and doxorubicin (f'ettman 1991). 
Dietary cysleinc supplementation hi^ aim been used to 
promote glutathione syiMlicsis. us a preventaiuv^ against 
ox illative damage by mycotoxins .uni plant alkaloids 

(FettmiUi !99(}_ Vitamins with antioxidant piDpeftb (A. 
E, and C) may also he beneficial. Infectious agents 
should lhc eliminated hy treatment with appropriate 
antimicrobial agents. immujiologkaLly mediaied erythro¬ 
cyte damage is also difficult to revenue, hoc continued 
injury may be presented by tidmini?4raiBion of mimujio- 
Mippressiivc drugs tcnftJcoslrroLds, cyclophosphamide, 
a/uLhuipnnck InLravenous administration of human 
immune globulin has been useful for short-term Mahi- 
liHilkin of sewne dogs with immune-mcdiaied hemofytk; 
anemia but «.Lvn nut appear to have affected long-term 
survival (Soctt-Monlcrieff et a!, 1997), 


NonrrgritenLtivc t Hypoplastic) Am-mia. The minie- 
geraerative Ibrm al immune-mediated anemia, charac- 
terizttd by erylhroid precursor phagocytosis wilhin lhc 
Kmc marrow and subsequent abrogation of the cry- 
ihropidcrie respond, may reapottd lo i mmvw suppres¬ 
sive drugs or human y globulin (Sente-MnnterictTd ill, 
1995). These cura usually are more refracnrKry to injist- 
ment and may require immunusuppressioo of premier 
intensity and duration than do those with only imvnune- 
itted rated destruction of mature ery throcytes.. Systemic 
endixTiiiopathies- Such as hypothyroidism cur hypere- 
StTOgenisiti llml result in hypoplastic anemia must be 
Ifealed by addressing the primary discmJer. However, 
treatnwnt with lithium carbonate (LI mg/kg per os, 
twice daily) has been isiociaied with improved 
hematopoiesis in dogs with cstmgeil- induced hone 
marrow suppression (Hall 1992). 


A rami* of Clirunk Kenul DfcMsise 

GlWERAL Approach. L.oss of endogenous EPO 
resulting Imm chrome renal disease culiiuiiales in a 
no nregc iterative anemia (Cowgill 1992). In addition, 
uremia can he associated wiLh reduced erythrocyte sur¬ 
vival. platelet dysfunction, gastrointestinal bleeding, 
uremic inhibitors of erydimpoievi*, mydofihrosis. ;md 
nutritional defidenctes that eotUrihote to anemia. Ther¬ 
apy direcied at stow ing the progression of chronic renal 
failure tw ameliorating the adverse consequences of 
uremia not only intprove clinical perfonttutroe but also 
promote erythropoicsis. Reducing circulating levels of 
uremic toxins removes inhibitory inliluences on bone 
marrow icsptwisivcncss to EPO and other erythropoi¬ 
etic hormone?!-. Modification of the dietary intake of 
water, protein, essential fatty acids, phosphorus, 
sodium, water-soluble vitamins. antioxjdanLs. trace 
minerals (including iron), alkalmmnp agents, and 
oLher nutrients limits future renal damage and riuiiii- 
tains or restores glomerular filtration. 

StcrjNIJIAKY H YrtKI'AKArHVROtDISM. Secondary 
hyperptnihyroidisin is a fundamenlal eom^pofishl of 
cltTLmic renal failure, uitd its mariagemeffl isas-soeiared 
with amelioration Of further renal damage and 
improved mineral homeostasis (Polyin and Oshonw 

1995; Cow gilt 11995). In addition, it has been proposed 
that increased parathyroid honnLme (FTH) concentra¬ 
tions inediate several uremic changes, including sup¬ 
pression of EPO release and beme marrow responsive¬ 
ness. Although serum FTH levels correlate pi&orly with 
the degree of uremia in dogs w ith chiunic reiinil failure, 
most anemic patients have significajiLly higher FTH 
values than do oonanfmic animals (King ei al. 1992), 
Dietary pho^phomsi restriction And/or eulehiiol snipple 
mentation have both been demon Crated to alleviate 
renal secondary hyperparaidiyroidlsiri, and cakicriol 
has been show j n to improve anemia and reduce the need 
for erythropuietin in human dialysis patients 
{Goicwehea et all, I99R). 


Iron DrnoENCY Because gastrointesrinal hentor- 
rfuLgc is a frequent cimplLCiujon of uremia, hislamine 
IIv-receptor antagonists (cimelidirie, ranitidine) and 
mucusul pftriBcOufts i>ucnslfjte) should be ccmsidered 
(or the pre vein lion and treatment of gastric ukeralkuii 

assHiei aied w ith Wood loss (Polzin and Osbome 1995; 


Onrpll 1995)- Because this can result in i nm defi¬ 
ciency. IL l> LThSiTIlllLSl ilhiLl rC'llail lIiSCLjSl" pilllUrit v bt! e\a|- 

uiitcd for iron status prior to invlilution of other phar¬ 
macotherapies for anemta. TreiLlmenl with iron 
supplements is the same as described fur other causes 
of iron defidency anemia below. 


Anabolic Stcroids. Treatment with exogenous 

CTytlirupoielic hormones- such as androgenic steroid^ is 
used to suppmt the en Lhron in chrome renal diseaM.* 
patientii fShahidi 1913), However, evidence supporting 

the me of arufKdie steroids In ireal die Lineinia of 
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chronic mud dww In veterinary patients has been 
equivocal. Following. experimental nephrectomy if> one 
■tudy, dog* treated for * weeks with 3 -OXO-DI. 4 - 
udroitidiw-17p-olHiDdK}laftte experienced he? 

tdgnitleanl improvement in food intake, lean body 
mass, nitrogen babutet, or PCV iFineoei a], ] j ? In 
another study of surgical I y- induced chronic renal fail¬ 
ure, dogs who received 2 mg stunozolol orally, twice 
each day for aLh. weeks experienced a significant 
IncnaK in twin body mass and- nitrogen balance, btJL 
eSecti on the eryihron were nm repeated (Cowin el al. 
1997 ). Longer duration therapy has been nuuuy to 
demonstrate beneficial effects in studies- of human 
patients, whip llu bAW received (MlntHUtt 
hemodialysis, Based upon the definitive success of 
anabolic steroid* in Experimental animal models and in 
human patient*, androgens have become a common, 
although not wholly proven, adjunct to the therapy for 
anemia, of chronic renal disease in veterinary medicine 
(CoWfUl I W 5 >. Three classes oF androgens have been 
used in uremic humans, including testosterone esters 
4 propionate. enanlhnle. lit cypionatel, nortestosterone 
esters (nandrolone pbeny]propionaEL% deuanoaLe} p and 
17 (Z-alkylated androgens. Androgens may improve 
erythropoiesis by directly stimulating erylhroid precur- 
hr in the hone marrow and by stimulating EPO pro¬ 
duction by the remnant kidneys, Foiemial adverse 
effects of androgenic steroids include masculinizatiofi 
of females, fluid retention, hepatic tox icily, and, in 
males-, pmstelic 1 hyperplasia or neoplasia. 

ERYTTlKCJI^llETtN. Ibe clinical efficacy of endoge¬ 
nous EPO replacement with a recombinant human eiy- 

Ihrup'iKielin (rhHPO) hah hcim diK.-UJIfceJl[eiJ iil human 

putienLs (lirvlev and kesonib IWT). Because the Stnc- 
lure of OPO molecules has been relatively well con¬ 
served um many species. rhEPO can also be quite 
effective in restoring erythropuies-ri to normal levels in 
uremic veterinary patients (Cuwgill 1995 :, Cow-gill el 
al. 1998 k Patients with mild a ne mia of chronic rei i;l| 

disease may not require rhEPO ircaimevU, hul for those 
with moderate to marked anemia (PCV < 30 % in dogs 
and PCV < 25 % in carls), the benefits of rhliPG treat¬ 
ment often outweigh potential advene effects. Therapy 
is initialed al 10 Q unirvflcg body weight by subcuta¬ 
neous injection three times per week. This will initiate 
a regentfidive mpewe characterized by the appear- 
liiK£i of reticulocytes in the peripheral blood (up lo 
- 4 , 5 % of total erythrocyte numbers in dogs and ** 3 , 0 % 
in cats) within a few days. PCV typically increases rap¬ 
idly iup to * 1 % per day during the first month) and 
returns to normal values within 2-3 weeks. When tar¬ 
get erythrocyte numbers are attained, the dosage inter¬ 
val is reduced to twice, or even one. weekly, to anld 
induction of ttyihrwyiosis Tf ta tgpl value* are not 
attained within fi- 12 weeks, the dose is increased by 

25-50 unics/kg of body weight. Failure lo respond to | 

rtiEPO can be attributed to many factors. Ic is essential 
that the patient's uremia is controlled, nutrient intake 
and body weight arc stabilized, potential gaslroinlesti- 


[ hut bleeding is prevented, and iron status is normalized., 

ReftxtnriiKU to rhEPO ha* been observed in a rigid f- 

icaiiil number uf created anintuK and can be attributed to 

rhe developiKUt of ami-rhF.PO antfbodfct in 20 -30% 
of pal ictus (Cowgill lW5) r Recombiiul canine EPO 
frcEPC)) has recently beomK avulaMe. Became 
rcFPO sloes not seem to cam erythroid hy puph^ia in 
dogs, it may represent an improved alternative to 
rhtPt) treatment in canine renal failure (Randolph el 
aL 1999). Potential advene effects u-f rhtPO include 
polycythemia, systemic hypertension, vomiting, 
seizures, injection site discomfort, allergic mucocuta¬ 
neous reactions, and. rarely, acute anaphylactic reuc- 
tfcML Savk, life threatening aoeinu due to develop¬ 
ment of anti-rhEPO antibodies has been reported in 

horses .and may restive following cessation of rhEPO 
administration (Fiercy el al. IWK), 


NUTRIENTS AS HKMAi lMC DkUO.S 

Iron, Therapeutic use of iron is indicated only in treat¬ 
ment and. in specific situations, prevention ol iron defi¬ 
ciency -anemia. Administration of iron in an attempt to 

comet, anemia anociatod wLrh oteffllimts is scrietly 

empirical and has nn proven clinical value. This, limita¬ 
tion should he recognized by the clinician despite the 
fact thm iron is included! in a large number of cummer- 
cial supplements intended to improve appetite, increase 
breeding efficiency, promote growth* and more. It 
should also be recognized [hat indiscriminate adminis¬ 
tration of iron prcpinuLtuiLS is- accompanied by the dan¬ 
ger of iron toxicosis or iron storage disttK in healthy, 
as well as in unhealthy, animals. 

Absorption. distribution, metabolism, and excretion 
of iron was- summarized earlier i also see Fig. 27.3). 
Inm is distributed in amcal pooh throughout the biidy^ 
the hemoglobin pool in erythrocytes (60-70%), intra¬ 
cellular deposits off ferritin and hemosiderin (25%h the 
myoghibin putsl in nruisek (3-7%), ihe circulating pool 
of plasma transferrin f0,1 %}, and the respiratory 
enzyme poot 

Wlhm administered orally, organJc Iron sourees are 

better absorbed than inorganic sources, and Ferrous 
salts arc ahsewhed more efficiently than ferric salts. 
Many dietary components inJlucnce tncsn absorption 
from the intestine. Intraluminal factors Lhat enhance 
absotplicm by increasing iron solubility include sugars 
(fructose and sorbitol h Home amino acid*, and u num¬ 
ber of other ivgiinic acids, iucluding ascorbic, succinic, 
lactic, and citric. Factors ihiii depress iron aliHtrptiinfc 
include calcium, phusplkaies. oxalaw, hiciLtbonate. and 
phytic add lion salts are chemically iifccompiuible with 
many drugs, and mixing preparations is not advivxl: 
c.j., chelation of iron From ferrous sulfate by tetracy¬ 
cline limiLs the absorption of both ctimpoundi. 

ExtralumiinaJ factors that alfecL iron absorption 
include the level of er^Lhropoictic activity, body iron 
stores, and anemia. Hypoxic stimuli that promoto try- 
chropnk p %is iilsif» iKfHH iron absorption. Iron absorp- 
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tkffl is also lACKUed when body Mure* of thi^ element 
arc UiWfc even wlnen hemoglobin cootedt and ony|ea 
transport are normal. Iron-deficient dug* will absorb up 
Id of orally administered irnn, whereas less than 
tOSt of dietary iron is absorbed under normal clrcum- 
s-lancc*. lirylhrocytcftiK following multiple Lransfu- 
sions, a return Ln normal oxygen lenxion after qmdn 
of reduced oxygen availability, or Large dose-s of 
antiproliterative chcmcrtherapculie agents or radiation 
will dam ini sh erythropoietin and iron absorption. 

Severe iron deficiency paradoxical I y causes intes¬ 
tinal mallhmplkn of iron In dogs sindl humans (Kini- 
ter and Weimruub 1908). Thus, iron deficiency of suf¬ 
ficient intensity or duration may result in idncljorioeH 
to oral i mn tberqqr for aiH'iuia. Thus, it is recom¬ 
mended ihul Im deficiency lx 1 treated first by admin- 
istmtMM i>f a ptrcotcnl preparation. followed by coo* 
lifiuiNi oral in.?n u^plemenCltion for approximately I 
month or for as long as the caw of imn imbalance 
mighi otherwise continue. In dogs, iron dottrel should 
be adminisicred intramuscularly it a ctose nf 10 20 
mg/kg. tWeiner and Koeiba IQ-tf.?), For iKOfHiil cats, a 
single injection irf50 mg iron dexLran is administered 
mLramu scuLiuly aL approximately IS days of age to pre¬ 
vent cungcni La.1 km del iciency anemia (Wdscr and 
Q'Orady 19*3), The daily dew: for ferrous, hullatc m 
M’HI 300 mgfkg For adult di*gs and 50-1100 mg/kg lor 
adull cuts. Although little is known regarding an effica- 
ckHfl kfose for iron dexLran in adull large animal s fe diw:s 

fiw ferrow sulfate have been derived They include 
8-15 g per « per day for I weeks or mure in cattle., 2-H 
g per m per day for 2 wks or more in h mm, and 
05-2 g per m per day fiw 2 week* or more in swine 

and sheep. 

ADVBRffi EFFECTS- Mucosal block of irun atoorpti i m 
can be superseded by excessive doses of ihe dement, 
e^ix'ciully if administered lor prolonged periods of 
time Iron overload and toxicosis can result. The usual 
COKCntntiof) of iron in plasma is akniL 100 mg/di.. 
which in approximately ooe-iUrd ihe binding capacity 
of the circulating transferrin pooL Ihuufenio can 
become coraplf t ri y t afcu nrtc d during iron owtoad. 
Accumulation nf irnn in the body may be expressed by 
iwn known condition*: henKHijdecmta and henwdno- 
nuioxis. Heownderofis refers to :l Wah^ed process of 

abnormal unofli pigUDtltkn caused by increased 
amount* of hemosiderin in ilie times. This usually 
occurs alter hemorrhage into 1 i:\sue* or a body cavity, 
HaDKKhmmaAlMbl is li hy^-Ltiihit: disiriL'vu l: hiisrLii;E l: ri i l%I 
by widespread hemosiderosis and nucmnLKluIar 
hepatic cifTbosis. The funner is cine to systemic mat 
accumulation by tissue macrophages. and Lhe latter is 
due to iron accumulation and loddty uf hepeitocytes 
and Kupflcr odk Hemochromatosis can he found in 
association with Intravascular hemolysis Follow jug 
exceptionally abundant destruction of erythrocytes due 
ho immune-mediated hemolytic anemia lh transfusion 
facttatt, and after prolonged ingestion nr large doses 
of iron. In ud dit loc, heincachromuLusi* is an inherited 


disease in humans and Silers ctnk Lhai is character¬ 
ized by idiopaLhacally increased gas4iinnLc*Linal iron 
absjurplion and abnormal deposition of imn in 

parencfaynul tissues. (House et tl. MW4), 

All iron preparations probably have equal porcntial 

toxicity per unit nf elemental iron. Orally admin islcred 

imn is known to be relatively- safe for humans and ani- 

^ ■ 

mats, provided excessive amounts are nnt adminNered 
aculely. Clinical signs of incsn loxietrsis in baby pigs 
include crosum* ulceration^ and hcmorrtiage of the gas- 
LnointesLinal muensa. foUowed by melcna andfor hesua- 
tochud* and signs of ACUle blood bo, including pale 
skinu tachycardia^ hypotension, dyvpneu. lethargy, and 
circulutory shuck, AnimuLs treated wiib cmsimereiat 
purenieral in>n preparations Intended for other specks 
are particularly prone to toxicosis. Twenty of 36 Sim- 
omlal lieilers treated with a large dose of a commer¬ 
cial iron preparalion intended for bones died within H 

liLHirK following trcaUDefiCi Iran toxicity was evideoced 
hy pctcchSiil bemiHrrhjLgg* in multipki s-ngwr'is, kvck 
eeniro-loliulur iwcmsis. uf rlie liver, ud >500 mg/dL 

uldin^iilal imn in llie^ruin. CautiLHi iibust K" v*c<;rein'd 

when administering parenteral iron supple mem s, 
because the body dues not tui\c an efficient exlmin- 
Lotinul mechajiism lor iron, cxcrelion. 

Irealment of oral iron poisoning is directed at pre¬ 
venting absorption by inLcrtinal mucosal cell* and is 
facilitated by use ill a gavtminLe>linal ad*orbcnL or an 
emetic agent u lung as hemorrhagic vomiting, is not 
occurring. Sodium bicartionaLe (6flt dilution I can he 
used as a lavage, foltowcd by oral administration of 
deferoxamirK: mesylule. u speatic imn-chelaLing drug 
(Pill et al. 1979; KlttSttn 1996). Far systemic treat¬ 
ment. the most effective means of removing iron is hy 
dtdlllon. DefenxindK b admin i slcred intramuscu- 

hriy (20 mg.'Tsg every 4 hours), if drculstory shock is 

evident, lIn.- prepantiofl can K: adiministered intra¬ 
venously (4t^ mg/lcg over a 4-hour periinl, fdkwed hy 
20 nig/kg every 12 hours), [MmxiifiiiK pnirHtn the 
urinary excreturn of chelated imn so thai several dyy^ 
uf therapy are required, to eliminate the entire toxic 
duttf. Continued appearance of u reddish discoloratiofi 
of the urine indicates that iron is still undergoing exere- 
Lion 4 jjmJ that deferoxamine chelation treutmenL should 
continue. 

ViLumin and! Mineral Pri-p.Li'iilioiis. The general 
indications and limitation* of therapeutic use of vjea- 
mins and itiiuerals are diwiussed m Section *K Ibe onlv 
established cliiici] use of these rubntanoa a hema- 

tinie arenas ti in the tnaUnent ©f uentiftt mmM by 
speeifre xit^vnin or muinl defickocijH. Successful 

therapy with ihcse yfamm depends upun a cktf 
understanding of their vu^rmal parlieipaihm in the ery- 
thropoktic pnctt and bdmifiutkia of the specific 
CilH of MKffliL ludascri minute administration of vita¬ 
mins of minerals can complicate the anemic staLe and 
be harmful to certain viiuniions: e.g.. in humans, ther¬ 
apy with folk add can temporarily correct the hemaio- 
logie mauLfesiiiELons. of viiaitmi B deficiency white 
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(}mi pffp^nhMO 

fcrnnit hlLlfulL 1 * 


Fermi** IfldUe 

F'L'miUh {IulXHIUJL 


humnih hifiuii.iF.L- 

E'vvnwh >ul Lilt? 

Ferric p> n>plnospfriuw 
Ferric ammonium Crnie: 

Fnk chloride 

Ferric eilmehUniijk: 

Ferric bydhuldt 
I'Kmc anuUiiLimnL 
Park prowrrvirte 


E^JCwM vtanrin B complex. coMa 

firmiM elixir, UMtU, isf HHMd ftlfia** ir.apu.iks 

Ftf'bt'SiM drop* m niminiwl capwIn 
ftMm# dtopl 

^mfj'rLkiiiwI fUHCahlV liflWJ release IlMflta 

timed nelea^ opnln 

/■ r rmS' 1,71 fjinin'uyijrOQ linimL ruk'UM.' uapMiltrv 

A/vifTM dud vdnw apsHks 
Frrrusmtt nukn itry^hiii nie-> copper, cotali 
Ff Ifafet Acid! ttvtbOlkd itktK 

f nwicifeQC vitamin H- LsHnpliJ.i.. vilairtw C„ cuppci 

M0(-/nNi9 bMcti 

/jTj'AmirtQ ■. iLanini B lu. trucks., ifeimigajICM: 

W-.'VdrJwratfr riiumin B nofta; 

ftm* tSmjwQSp 2$ mj^Tnil. Uw hillu.IL uluiiIiuIs 

THpJf A i ,V FafrS tit'ychninc. nak k nucleic acids 

V-L-/-S® deuocalcd liver, vjivnin II tompfcii; far snul I animal v 

iJw?I f rtt vilujrtm if cup mp lex 

Mflrtto#Tritarnin B maplcc, rilinua A, T>, 1 

/in'JrinunK vitamin B LXMiiple. 1 , vilairtin C« dcskvabid li vlt 

i-ridt copper. coMt aWcatid liver 

VT-.^rJ^JpjnW viLpmin li Licwnplvi,,, whiled 

taN-nk Mint fill Xuffliiemerntf£ v'it. B Cdfltpiou eopfKf., CflfalAt 

A&n«9 vknki B ffinfla 
Ck 4 Ct^v^iwiJc. «fur 

slrychninif, cxJiuit, cupper 
i* s aii?t»i a Orai PrflemttM duAlrart lx hi Ip I la. 

AimM¥ qchbk nil p*Me 

f.r.wjj^iTJc-® vfttanki B campion copper, Beef I iv e-r 

DuriiiMlB copper prcweirwle. dried yctst 


Arart wl pfg p whfly 
Imci hLritrun 

Iron Jiydrogerule dciUarn 
Ferric hydros id? 


ffemtaAt Amdaft Mjmmrie&t fienmC 

fmHGvdt 

/nsJcA, Znvi-Gmtt 


*DqK Cjc fc?mMJh sglfjle »up laky drove, providing 2u0 my elemental inni per juumL daily ft* 2 weda or nvve: bone, J-fl f. 
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ul tawing the ttfifliv Rflmh)|KBi damage associated 
with the lallcr to ptrugress. 

A large number of nrulaivsaiimiiMPiuhimiiiei'iil “shot¬ 
gun" admixtures aft available for use in animals. Many 
of these preparation* are advocated as hcmalinics; 
HUH examples arc lislcdl in Tabic 17,1 The -iinti-iiiKiikic 
efficacy nf Ihesc remedies has nrt been established by 
carefully controlled studies. Clinicians should be aware 
of unsubstantiated claims m regard Co vitamin-mineral 
mi mures. Typical effect* 4 has have been claimed lor 
some preparations include strengthening of convalesc¬ 
ing anamals, increasing JikkI Intake, improving feed 
efficiency, and enhancing growth and production. If a 
deficiency is tluignrttcd. the clinician is best udvised to 
administer only the deficit*! suhstaiiee valher than rely 
on a niulliunopoocttr preparaiion thoi contains unnec¬ 
essary mid p<nemially muc ingredients. 
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HEMOSTATIC and anticoagulant drugs 
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HritHMStaiaiE 

Vascular and PLulelel PhuscH 
Coagulation Pbitse 
fibrinolysis Phusr 

Natural Amkfi^gvilanft 

('n^kilnpiathte and Drills 
Hemostatic l)ru^ 

TupicuL Itcnufsldilics 
Sy^rmic llim^iiiliis 
Anticoagulants 

In Vitro Antiruagutuiils 
Shrink A ntk o^ipkikil^ 
VMnmJn K Ariipnbts 
Flbriiifily. lie Agents 
Clinkul Aspects 
Tissue nasmiiMpo Activator 

Anllplatelet Drugs 

Aspirin 

lielopidinc- 

Dipyrimadulc 


Several drugs and iimmail tissue extracts exert pru- 

muntied effects on hemostatic and blond cosguluiife 
irrabitosms. Some of these HiteUmi promote 

hemostasis arid have clinical v*]ge ill control of 
blued milig From small vessels. Hcmn&tatic agents 
include thrombin, thromboplastin, lihrsn. and fib¬ 
rinogen. In contrast, drugs such as heparin and 
sriidinm citrate retard hemostasis by impeding clot 

formation. These anticoagulaiiA agents are employed 
in the laboratory to prevent clotting of blood used in 
diagnostic tests or stored for transfusion. Heparin 

also is, used in vivo, as arc the eoumarin-derivaiive 
anticoagulants, in crcalmenl: ond prevention of 
thromboembolic disorders. Additional approaches 
involve the enzymes streptokinase and urokinase, 
which activate fibrinolytic breakdown of farmed 
clots and clotting factors. Thrombus form a l ton also 
is reduced by inhibitors of plalclel aggregation such 

as aspirin and lidapidine. 


HEMOSTASIS* The term hemostasis refers to pre¬ 
vention or control of hemonfaigt Physiologic control 
systems operate vo ensure fluidity of blood under nor- 
mal conditions,, yet opposing systems promote euagu- 

Lation when the circulatory system is invaded. Hemo¬ 
stasis is achieved through a series of interdependent 
mechanisms, including VJtittlbr spasm of the injured 
artery w ^irt, local AggRgaiaOfl of platelet:- into a plug- 
coagulation of The blood into a dot , and dissolution of 
the formed clot by fibrinolyijs. The basic process of 
hemostasis can he separated into the vascular, platelet, 
coagulation, and lihritwlysis phases. The phases over¬ 
lap considerably, and events in one step promote and 
even cause development of subsequent phases (Chart 
and Sanderson (979), 

Vascular and Platelet Phaser. Hie vascular and 
platelet phases are ekisely allied. Until recently the 
central role of vascular endothelium in hemostasis was 
not appreciated.. The endothelium has a multitude of 
anticoagulant and procoagulanL functions (Nawroth et 
all. 1986), The inability to reproduce the effects of the 
endoLhelium on hemostasis helps explain why in vitro 
eoaguladun assays socmetimes fail to properly reflect in 

vivo pathophysiologic events, 

Immediately after u Wood vessel h ewi or otherwise 
traumatized, ihc vascular wall contracts and plawtet* 
scant adhering to the injured sice. The local vast jeon- 
strietor response, or vascular spasm, mechanically 
retards the How of blood escaping from the vessel. Vas¬ 
cular spasm may be partly a local relies or myogenic 

rc&pon&e and partly humoral owing to vuucffv« 

agents released from platelets and nearby cells. Local 

vaAoooikstrielicMi lasts m long as 20-30 minutes, during 

which the ffli&lldng phases of platelet aggregation and 
Mood coagulation take place t Weiss 1978; Moncuda 
and Vane 1979), 

Damage to a blood vessel results in exposed swhcil- 

doihel ini collagen. Collagen and diber proteins local¬ 
ized to the suhendotheliusm. are strong stimuli for 
platelet adherence. For plaLelels to properly attach, to a 
traumatized area, von Willebrand factor ( v WO must be 


An overview of local factors involved in control of 
bleeding will first be presented as an aid to under¬ 
standing flow hemcKLalic and anticoagulant drugs alfeet 
hNnmu&is-relaied mechan isms. 


present because the platelets express a vWf receptor 
that facilitates adherence. Once adhesion has occurred, 
the platelets undergo a change in shape and release 
diverse substances that recruit further platelets to the 
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dot and promote the coagulation qwMfck This process 
i* termed aggregation. Itie substances revised include 
adenosine diphiwphate (ADPk adenosine cripln^phate 
(ATP), serotonin phtelffl factor 3 iuml 4. thromboxane 
A.. iunI phtriel‘(kTived growth IkHt This aggrega¬ 
tion yitrlds a rather loosely funned plug w platelet 

duaffldui -in ilk 1 injury site. 

[NVOLVDffiNT OF PROSTAGLANDINS. Adenosine 
dipliosphaLe fa a potent clMmical activator of platelet 
aggregation, which in turn activates a phospholipase 
that ads on membrane phospholipid !u yield arachi- 
donic acid. The luLLer is transformed by a platelet 
cyclooxygenase into short-lived but potent aggregating 
compounds called cyclic cndnpcr-oxidc* 

(pnttflgltDdlitt ll^Cistaj G. nod H,)- These endoperox- 
idc* n convened by platelet tfmxnbauuK synthase to 

a potent aggregating compound called iiromboxane 
A % . Thus platelet clumping initiates formation of chem¬ 
ical agents that promise further platelet aggregation. In 
contrail, prostacyclin (POO is- a PG that inhibits 
platelet aggregation and may act as a counterbalance to 
thromboxane, n il is formed from anichidonic acid 
and intermediate cyclic endoperoxides. Prostacyclin 
synthase, the enzyme responsible for transfomiaiion of 

PGr, from the cydk MdojpflvmudH^ is localized in the 
vascular wall rather than in platelets. The platelet acti- 
vation sequence fa sJkiwn in Fig. 28.1. 


Vascular spasm and plalclci adhesion, aggregation, 
and release trfchemical Agents are initiated within UC- 
oods after vascular trauma.. During subsequent events, 
the platelet plug becomes more lightly tuiund and 
organized by incutporation of libnn sLrands formed 
during coagulation. 

t 'nHisulatioci Phase. Blood cJoitinp results, (him a 
complex serie-v of interdependent events. Clotting 
ingredients- normally exist a* inactive factors in hfcood 
vessels,, perivascular Lissue. and the Hood itself- Upon 
injury Lo the drcuhtory system, the inactive or proco- 
agulant substances are Ira ns lormed lo active clutling 
factors. Activation of all factors docs not occur nmil- 
tancously. Rather, the activated form of one factor acti- 

rates a subsequent factor in a sequential series of kk- 
Eion:i, yielding a cascade ot u waterfall™ effect. 
Biochemically, the activation process is accomplished 
for most u-f the cloning factors by the proteolytic split¬ 
ting off of a small moiety of the inactive prucuaguliinl 
factor. 

Blood dolling factors generally are designated by 
Roman numerals l-V and VJl-XIll, as listed in Table 
28. L Nomenclature of Lhe factors has undergLme con¬ 
siderable revision over the yean. The Lemdoologies 
used by Guyton (1976), Entev aid Gubuzda (1979). 
and Plall (19791 are basically followed in this discus¬ 
sion. Factors V imd VH-XITI usually are designated by 
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TABLE 18A —Blood coagulation l‘ntti>r> mid their 
synonyms 


Factor 

Synonym 

Factor E 

fibrinogen 

Factor Gl 

Prwhrmtnbifl 

Factor III 

Tissue tomlwpliidB 

Factor IV 

Calcium 

Factor V 

Phwnkiu 

Factor VII 

Fnravmvtiri; wnim prothrombin 


cniLv^rsKin accukraiur 

Facior VIH 

AOLihil'OkiphiJie factor 

Factor EX 

Plasma tlfnmnbujpliiJiliii 

c lj iiipmufii ; Ctiti sinus factor 

Faetnr X 

SluairJVcKvur factor 

Factor XI 

Plasma ihrornboj4asiin 


bjUbckhIciwI 

Factor Xfi 

Hagetsu factor 

Factor XIII 

Fibrin feUboKcihg factor 


ihrir number*. whereas factors. I and II are referred to 
more commonly a* fibrinogen and prothrombin respec¬ 
tively, Tissue ihroinhoplii^liii is factor 111 and should 

noc he confused with platelet factor 3- There is k fac¬ 
tor V L Important synonyms for the mayor clotting Fac¬ 
tors arc included in Table 28A. 

Although dotting factors participate in eotgubtiun 
through dilfennl pathways, the overall ficragululion 

process can be divided iivlo three major events: (I) a 
substance called protiiromlwn activator or complete 

thromboplastin is formed in response to trauma, to 
blood vessels, exiravaseular tissues, or the Wood itself; 
(2) pmihrnmbiii activator catalyze*. [he transform at Ion 
of priuhromhin to thmmhin; and (3) thrombin rapidly 
catalyzes conversion of Fibrinogen into threads of fib¬ 
rin, which in turn enmesh platelets, plasma, and ery¬ 
throcyte* to form a dot. 

The initial step* formation .of prothrombin activatur, 
is the most complex and least understood, Thi* sub¬ 
stance can be produced by two basic routes: the Intrin¬ 
sic pathway instigated by craurm to the blood itself «d 

Lhe extrinsic pathway that begins with damage to the 
vessel wall Lind AxtrwnOular tissues, En vivo Lhe coag¬ 
ulation factor* itfvd in the intrinsic and extrinsic 
coagulation pathways interact with each other. The 

strict separating of the intrinsic: and extrinsic coagula¬ 
tion pathways h bated upon die in vitro coagulation 
assays. 


Intrinsic Pathway, Blood taken by vniponcEure 
a lit l placed in a glasis container clots normally within 5- 

ID minutes because all Factors required for coagulation 
are present within Lhe Wood (Fig. 28.2). This pathway 
is initiated! because trauma to Lhe Mood directly affects 
two important ctnigillutLon tijetors within the blood 
itself, the platelets god factor XII. Platelets damaged by 
ranlact with □ we liable surface like glass tor collagen 
in viral release Lhe phospholipid commonly referred io 
as platelet factor 3. In addition. factor XII is trans¬ 
formed into activated factor Xfl when disturbed! by 
trauma m the blood. The activated! form of factor XII in 


Lorn activates factor XI and forms kulltkrdn. Factor XI 
converts factor IX to an activated form. The activated 

factor IX interacts with factor V'tlE in conjunction w ith 
the platelet phospholipid to convert factor X to acti¬ 
vated factor X. Finally, activated factor X interacts w ith 
factor V amJ place let phospholipids io yield the com¬ 
plex called prothrombin activator (intrinsic thrumfefr- 
plaHlin system i_ PruthjiKmhm activator immediately 
calaly/es Lhe cleavage of pnuhromhin to thrombin, 
which converts flhrinnj.cn into fibrin (Fig. 28.2). 

Extrinsic" Pathway. When tissue esiraci is added io 
whole blood, dotting occurs rapidly in about 10-15 
seconds. The extrinsic factor that sett the cotgid^ttoo 
cascade into motion is released (him traumatized tis¬ 
sues (Fig. 28.2b Referred to as tissue thromboplastin, 
the extrinsic factor includes a combination of a prote¬ 
olytic enzyme dimply called tissue factor and tissue 
phi.ftphidipid* i hat arc probably derived Imm cell 
membrane components. First, the tissue Factor interacts 
with clotting factor VII; this complex converts factor X 
to activated factor X in the presence of the tissue phos¬ 
pholipids. En addition, faetnr EX is act noted, which can 
□Iso lead to further Factor X activation. The subsequent 
step is essentially the same as the last step in Lhe itfclrin- 

bk palhway l Le.* activated factor X interact* with fac¬ 
tor V iind tissue phospholipid to form pcothrovnbin adi- 
vaiipf fextrinsic thromboplastin sysiem). The difference 
is that tissue phospholipids are used in the extrinsic 
system while platelet phospholipids are used in the 
intrinsic system (Fig. 28.2}. 

Firkin For maticms.. Prothrombin acLivuor,. whether 
derived from the intrinsic or extrinsic pathway, con¬ 
verts the ti^glohulin prothrombin into thrombin. 
Thrombiii in turn acts as a pmicolylie enzyme and 
cleaves LWo tow molecular weight peptides from each 
molecule of flbruiOgen. forming a mulcfllk of fibrin 

taomnifif. Thrombin also promotes pJiield aggrega- 
cion and activate* factors XIII, XII. Vlfl, and V. Fibrin 

monomers immediately polymerize with each other, 
forming long fibrin Lhreads ifaoi act as the reticulum 
network for lhe dot. The fibrin chains initially are 
Somewhat loosely bound. However, dolling factor XIII 

(fibrin-Mabilining factor) quickly acts as an enzyme to 
«u« covalent bonding between fibrin monomer* and 
between adjacent fibrin threads. This process stabilises 

and strengthens the mesh work of the clot. The clot 
comprises- the ime Mocking fibrin chains, and Lhe 

cnLrappcd btodd cells, platelets, nod phsnu, Final clot 

retraction and aerom extniAion are caused by a eMcrac- 
tilc protein ifrromhoslhendn that is released from 
platelets (Fig. 28.2). 

Involvement of Calcium. Calcium ions {lv p j, 

referred to as dotting factor IV (Table 28. IX are 

required For all coagulation reactions except the first 
two steps in the inLnnsie pathway. This dependency" is 
exploited in the laboratory; Ca’"'-completing agents 
such as citrate are used as in vitro unticoagsikiiiK 





righted materia 









F74 / .TtviJuir 7 f DM (ft ACTING ON UUd XNL! HIOOO GtAlHn 



RpafTfessthffln^ 




frfJTFKSgen- 



FIG. 20—Blood flUfiirioB, dot form anon. aid flfarinfyiiL PAC * pnrihnnHa Bdnkvcomptfli fate nfued to as 
complete Uirronboplauin. prochrumbinaNe. proihrombinase complex, and Lninnw or extrinsic ihroinbisfilasLin^ a = anivaiLd 

knurls of clotting lacUm, c = faetm cnliihitcd In' iiepurm:, = faclcirs mhihiled hy tuumunn derivrfasct ( '-slcilim i& requiTfiJ 

in n~HKt rcjLtHWis. 


Availability of calcium generally i.x not a limiting fac¬ 
tor in Ihe body except rarely after iti.^■■ e tranrsfuskm 
of cltratcd W<hod. Usually, -death from tetany and rexpi- 

ratory failure would result from lypoctkemli before 

like eakhim COfKftrindOCL Wjls low gticnigli to si|£nii fi-° 
eantly affect CL^agulaiion. 

Invqlvbmkn i of Kauared^Kinin SYsrtM. a 

J eflcknc y of prekatUkrtin or high molecular weight 

klmnogen prolongs the partial ihromboplastin time of 
Wood in. vitro hUkJ ihus slows the intrinsic chmmg palh- 
way. KflWkrefci junplifies acdndn of factor XII, 

which ill Llmt furl her increases conversion of 

prekallikrein to loUlkietl (DauUm et a 3 . I 976 K 

Fibrinnlysis Pham* A plasma |i globulin called plas- 
minLTg.cn is hound to Hhrin and imrorporated into the 
clot along wilh other plasma constituents. Fibrinnlyiu 
is initiated when plasminogen is activated by local 
agents lo plasmin. Tissue-type plasminogen uLiivatnr is 
pro du ced by endothdlil edit and ffbnMutt and uti- 
lUH fihrin lls a cofador ill the convenfoo L>f plasmino¬ 
gen to plasmln. Plasmin is a protoolytk enzyme that 
digests ihe fihrin chains into soluble polypeptides, 
thereby preventing further fihrin polymerization. Hlas- 
min also digests other substances In ihe dot and sur¬ 
rounding blood, e.g., pruLhroinbiilg nbriilugeiL; and 


c lulling hetm V, VIII. and XIJ. Formation of plasniin 
nesiritx in dissolution of the elm and also in hypocnag- 
uluhility of the blood because of loss of dotting betoa 
Tims fibrinolysis represents ihe physiologic converse 

of the coagulation proceu ll solves as a defense mech¬ 
anism against overactivily of [he coagulation mecha¬ 
nism. The long-icrm patency of ihe vascular tree no 
doubt depends on a balanced equilibrium between 
coagulation and fibrinolyiii (Hg. 2 S. 2 ). 

Natural Anticoagulants, Tlw sensitivity of ilie coag- 
ulauon c as c ad e to liemaculagJE dimpdou DnuitiiLes 

equally sensitive control syslems Lo prevent intlixcrim- 
hute dotting. As. sttlod so colorfully by Enlev and 
Gkbu&hl ( 197 ^)., tlbi; clotting factors “xurnd poked ax 
the pans of a loaded gun wiih trigger cocked, aimed at 
IbriMpa,' Pbymkigk systems arc available that 
either "clean up” the clotted target alter the thrombin 
bullet i.x shot or to $A "safeties'" to ptevenl the gun 
from discharging needlessly. 

First, ihe vascular endothelium is exoepboully 
smooth surfaced, thereby preventing contact derivation 

of plaiclel.x and fact nr XII. Prompt removal of activated 
factors from the circulation is attained physically by 
rapid blond fltrw LhaL washes local concentralicms away 
from the site of thrombus formation. The livei rapidly 
clear* the activated Actors with a half-life of only a few 



riohted mater 


ChtrlWf M / HBUOftlflfflC AND AlfllKMXJtAlfr OHIO f H. RkhaidAdaHB f SIS 


TAHli! 2&2—Sriwlrt hcmHlAtk; disumn in ani m al* 


I, Vascular defect* (vaNfaliUft) 

EL PIuuIce defects 

A. ih mflihotjlil|iK_-m 1 zs 

1. IdiopAlfiH 1 immunc-mttlintc-il datmtiaii 

3. Iinmuivc -me dialed de si ruth cm set:<wi ila ry Id drug .i?:hi^ini ^f.r; 1 1i■ mi . VQCt:L1lLH>rtri. .laid VafnSU:-? disCiLsCs 
3 Bone mil mi*- suffprc^wicm tchcmnllieripeiiJlk:*, e«Jmf£e^|i 

A. Incrcahcd coihumpLion (diiscminaKd in invascular vxtaguLauon. mieroingkipaih) wodriDi *ith Hopbw) 

B Thmmbocyiopothy 

L. Enhtrriled ■jOicrtiDunds, Ba*wl HtKjrxh. calElc) 

2. Acqirind -drug admtnisinlion (b^. aspirin. mtibwtra* lidociitne-] £iimmnpjrtlny jh'tnrijflttL urcrori) 

III. Vun Willclimnd disease I inherited defi*:ii;njL*y I>l vixn Williihruiid IkUw lending lu dcfecUvc |HL±iLclir4 adlbcMLiii; luund in 

huniiUlH. SWlth:. ilEIll BLihtlllh l 

IV. CftJUHiIntinn ddEixli 
Au iih p lfc d 

3. I l^maphili^ A ol funcLiurul luirkir VS3I; I mind in liunmis, IkwScn. lllIs, ^iikI Jiig.sl 

2. Hemophilia B duel; of factor IX: found in humane. Jogv nrnJ cjvtsi 

3 P ILagcnuwin Iiti.: Ux deficiency I Lmk uf facCnr XII: will prmfiuirc Mend'iLaiil |?n»Jiiii£uticHn <d AJ T l"t' untl \f V rcsiilcs 
huc is rarely related to a clinical Needing disorder) 

R P Acquired 

L HJefKLe-ncy of vitamin K activity i vitamin Kamajonisl rod n i lkw fc pui anting, m;il:ihw>q>ticHii< 

2- Pctrcr+i^l he pa Lie synthesis i|Tieopljhs.ij. eirrhusis, infuiiln:) 

Increased l-oiimj nipt ion (dbunkutad intras oscular emulation)' 

V. ThfomlKKic diwas^ 

A P Draenvinutcd i rrl raw um: ulai HuputahLiu. (neupluMa. severe generalised iritlarilriULinil. pancreatitis. hcnkrfysiti 

B, Deficiency of AT III (nqdntk tyndrunYc. beotwona nh W cidt liKn tn l ) 

Cr t'iruulaUsry ahiwtiruiliKics l'i :lmi cLi li iaiyi?| kll< h> fill colls) 


minutes-. Fltorimtytk dissolution erf formed elob has 
bwil djftCttHflL 

Huramral i nhibi tors of Intermediate products of coap- 
uklion play a viial rak in limiting coagulalory 
proce*w, Substances with inhibitory effects include 
heparin, plinsman, unliEhrombin 11L -and tissue luctor 
inhibitor foxlriniic pathway inhibitor. lipurproLeiu-asito- 
citiled mguMra inhibitor). AnEidmunhin 111 <AT HTj 
is the most vital of these factor*, It is m. globulin wiih a 
ndecdir weight of ftf.noft \m\ has the sfoQky to inac¬ 
tivate factors Xa„ EXjl. XEa, and XI lu and thrombin. 
Binding to heparin markedly increases the rate of inae- 
niviiikm of factor Xu and thrombin. In. additioa P ihc sur¬ 
face of die vascular endothelium htks as the sito of 
the ihroinhoinadukin/priHcin C/pmaein S ancicoagulani 
system. Thmmhomodulin is an integral membrane pro¬ 
tein, and protein C and protein 5 are circulating vitamin 
K-depmdenS pnMeins. ItirLunbuinoduJm hu.v a netpter 
site for thrombin. Once Lhrombin has been bound* it* 
ability Lu funn fibrin and aggregate plutdets is. nulli¬ 
fied. AddltknaUy. it hecumes a powerful activator of 
protein C. PMeio C has acalicoagululilon effects 
through inactivation of facton Vs and VEIa (Marlar d 

isl. l^>K2j und pnc^mulifs fiht'inLplysis |KLK:iriiK^h i”i liI, 

199IS). Protein S iucreuscs the rate of inactivation of 
t’aclor V. 

Humonl iidii.hitLws of lutes mediate pfLHLLv^■■ 1 ^ of l nag ■ 
nl-Oticin include heparin aniiihronihtYptosiiri^ phuiinin, 

and antithmmbin HI (nni lu be contused with dolling 
factor 111 or platelet factor H Antithromhia LIE also L& 
culled the heparin cotldor. "IThi-y enzyme is u thrombin 
iifiUgunisL but it addiliumilly inhibit* activated forms 

of (acton IX. X B XI. and Xfl. Andtbrombfo Ml oonr 
bines in a «tabte manner wiih rhe euyvnilicaUy aedwe 

binding site* of ihese factors, thcrchy pnevemang ihdr 


acccaalhUMy to Mihsixiucm *uh«itfu[^ in [he dottinf 

cuscadc. The combination of heparin with anlilhrombin 
HE Increases approximutely MHbfold the atlinity uf the 
latter for the uelivulcd chitting fiactors. The unLlcougu- 
lant activity of hepunn Ls due to its i nturacLiun with 
Tinlilhnsmbin III; without the latum heparin does nut 

preveal dot fiynnadrtfi (vee dfscumoa of KtcpiinD later 

In drift chapter). 

Fibrin itself is tut effective untithronibin factor, 

because it; removes frtm the circulation approximately 
9(F^ of the thrumbin ft^rmed during the clotting 
pnHEU This action assists in localizing Ihc clot In the 
uifgei *ite and regarding its sprend to other regions of 

ihc vascotilDR. 

I'ongulupathii'N -Jitid Drugs. Climcully. u liirgc number 
ol pothophys-iologic state* influence hcmosUitic events 
in animals. Abnormalities of OK or nK?re uf the vascu¬ 
lar. plaldel. coagulation- and fi briiM.il ytic grfiaves are wA 

uncommon: book of Ehe^r timden n Binimtrizfd in 
Table 28.2. Drtig\ can bt hel^rful in managing certain 
types of CKfufopodrie^ bat IdnliBcttka <rf ecml^tgic 

f^Clors is amport^nt. S^inie of ihc mom commonly used 
h^muejptk, H»vifuhDU Rbriiotytk, And antiplaidei 
drugs arc dbeoued below, Commoaly used tests of 
! hemostatic function are listed in Table 2R.S P 


HEMOSTATIC DRUGS 

lopiol ffofiio^tgitio. Several locally applied sub¬ 
stances can provide assiscance in cuntru-l of pmistent 
caprlltuy blwding if blwsd ctwgtihuiun mediani*ms are- 
otbenriK loftact The ideal topical hemtsviutic snb- 
sianee shigld provide gcvnl baooctiBU* ham minimal 
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TABLE 2SJ^Hrmoslutk assays and ihdr dinJoit 

rrirvidcr 

L OBKlqi prothrombin thm* KXSPTf: Screening le-a of 
*hr extrinsic iind conn |Mrihny, l! is mcwi MHtm w 

fat'kir VII clifliLnuviLtV F'ir*L ik.-,suy Hi hr pruktrigcd wilh 
VEiajnin Kdddon 

&. Activated pmiinl. thr™hiifli«*[fai Ui« lAFTTli 

SicfL'iifliiip wsi of iht iHcrin^k 1 and common palhwny 
WtU be B u t upd wUh hemophilia and wifi |vm|ed 

•viiai nin K *kf l’i l - i u nuy. 

So Artfvsrtcd coupublion i«i (ACT}: Sa win| ieM for 

sli«■ iiiErirwiL ]nlhway. wilh leas mjiisiIiS aLjr Ulnil Al T IT. 

4 Hired miiL'i i^iJ cimrr ^rtniu lcj for 

primary hirarferitu^i^. Willi he protOHd fcicll plaldet 
dyvhnctH* dwab ajlo p wi , vWF deficiency 

wi U b . 


(issue reactivity, and he ury io rterilin and handle. IF 
hetrauic or fibrinolyiic defects are present, however, 

iopkraJ ijjfDtJ an of link i* DO value; replacement 
iherupy is indicated (Chip. 29.1. Although lyophilLzid 
concentrates of several clutling faction are available for 
investigational use, mosl clinically useful Lupical 
hemostatic preparations contain thrombin or collagen. ) 
These compound* control bleeding by providing artifi- J 
ciut clol.ti.ng material or forming a structural matrix for i 
coagulation events and dot formation. Became most , 
topical hemostatics are absorbed gradually over vary¬ 
ing Intervals, I hey conmon ly are referred in is the ; 
absorbable hcmctsLalks. 

The clinician must recognize dial locally applied 
hemostaiics are indicated only in the vumbal of capil¬ 
lary enuring from minute «f denuded lpt superfi¬ 

cially bleeding surfaces. These cnanpoundi will not 
effectively prevent loss of blood from aperies or veins 

where ihtTe is appRCllNe pressure.. 

THR0MOTLA3TPL Thrombuplaslin (Lhiumbukiiuivt:) 
m produced naturally by platelets and tissues in 
response In trauma. The commercial jMCpHUioo is a 
powder extracted from bovine brains or from acetone ■ 
extracted lung and/or brain of rabbits. Thmwht^hsm, 
USPn aids hemostasis by promoting canccMM of pre>- 
fhrombin Co thrombin, thereby accelerating the coagu¬ 
lation pfOCtu. Ii is employed as a local hemostatic in 
surgery when applied by spray Off direct application in 
a sponge. Thromhoplsisiin is u^cd in measurement of 
prothrombin mm and ihlivity of Wood in vilm, an 
important guide in utiaMfuJaol drug therapy. 

Thkumhin. TTutWfMt, 1TSP, is. n while slerile powder 
prepared by inlcruclion of thromboplastin and calcium 
wilh prothrombin of bovine origin. H ls standardized on 
the basis of National lfttritlUfH of Health iNJHj units; 
one NEH unit is the amount of thrombin required to clot 
1 mL standard fibrinogen solution in 15 seconds. tn 
control of bleeding, ihnumbin converts endogenous f ib¬ 
rinogen to fibrin for eku formation. Dt is useful where 
there is bleeding fnun purenehymatmw 1 issues, cancel¬ 
lous bone, denial HKkeH laryngeal and nasoJ surgery. 


and EHOUfncltre surgery. Thrombin is, particularly 
valuable as an adhesive agent far fixation of skin grafts 
Ii can he applied topically as a powder or as a solution 
in slerile dktiDed wild 1 or lutonic saline Upprotii- 
mutely lOtXi uniLs/mLJ^ il can al» be used in conjunc¬ 
tion with ahurtible gelatin spoage or fibrin fiwm 
After Kutnliadn L>f stomach acid, dvooiKin may he 
of some szlue in Weeding of ihe upper gmnouriestinal 
tGI) Cr4jx;l. 

Thnimbin musi mu he injceiCLl or L^hccwtse allowed 
m emer l^fge blv^nd v«ul.v E-.xlens.ive uvUtvbscuIuj 
slotting and even death may resulL. Local ischemia can 
resnh frnm snheueanenus or intramuscular (LMl injec¬ 
tion. Thrombin is anligentc, fcml allergic neaelicsns are 
eDoofuitomd rarely when it is applied topically.. 

FlBRtNfMiLN. Humun Fibmogm, USP (Fibrogen. 
Pareoo^en)v is a concentrated fiaclkn of normal human 
plasma and is available a.s- sLerile white fx^wder. U fa 
readily soluble in nonmLl saline and fa used principally 
on denuded mucous membranes and as an adhesive in 
slcin gratis las a 2 % solutiony. luhnnogen also is used 
for restoring normal plasma fibnnogen concentrations 
in the treatment of hemonhagic complication^ arising 
Ircwn massive blood loss ot acute hyptTibrim»geiK B mia. 
Adequate amounts of endogenuus thrombin are 
required fur conversion o£ fibmnogen into AMol 

Fib kin Foam. Fibrin foam Jes a spoqgfiUke matoiul 

prepared by action of thrombi ra on human fibrinugen. It 
is an insoluble substance marketed sLrips erf fiin 1 
white sfKsnge. Fibrin loam may be applied directly. 

wilh pre^^uru, Elk Eh.c turiiujirhugii: urea or atcer pre- 

soakiug ii in thnsrnbm Htubn. This preparai ion sets as 
a prefonned network lo trap bkud QiOiing from the sur* 
face trer 

AnstmnADEj: Gill.atin Sponge. AfewrfeiMe GeJonut 

Sponge, USP (GvKnwi), is a >tcnle, wjteT-insoluble fe 
gelatin-base spemge. It is nunanligenic and will absc^rb 
several times iLs weight of whole blood. This denaCur- 
i?ed gelatin usuatly is viaked in bovine timmibm and 
left in the bleeding area following closure 0f Operative 
wounds. When applied to [he suffice of the hcjJy or 
mucosal membranes, ii liquefies within 3-5 clays,. 
Gelatin sponge is compfctety 4 ibsiwhed in 4-6 weeks, 
usually without inducing a reaction or excessive sett 1 
tissue foGlhUinn. |1 is used primarily ridr capLELary or 
vanu hkeding. 

OHHHZEP Cellulose. Oxidized Cellulose, USF 
(Surgicel, Oxycel. Hemu-FiLkL is a specially treatod 
form nf surgical pMfi ut spemge tlun aidl coagulation 
by reactiLin hciwcen hemoglohin and cdlulosic acid. 
U|xm interactiiMi with h-lood and tissue fluids, oxidized 
cellulose faeiliiatcs fcmmati™ of a gummy matrix fur 
elesi formation. Il should he used only as temporary 
picking hecausc its permanent implantaCnm in tiaUH 
4 ind friiciures interferes with bdW regeneration 4u*d 
mav result in evst fLHTnalHjn. Oxidized cellulose abo 
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interferes with epilhdialiacation and hence should not 
be- used as a topical dressing except few short-term con¬ 
trol of Weeding. Complete absorption erf large amounts 
may require wc^iUtD, uddind odhlM should not 
he used in conjunction with thrombin since the Latter is 
inactivated by the former’s acidity. Oxidized cellulose 
is available as sterile cotton pledgets and gauze pads 
and snip*. 

M1CROCRYSTALUNE COLLAGEN. MiCIWiystlllilK 
collagen is a surface hemostatic agent. A valuable 

property of this substance l§ ili sifTiniiv for wet sot* 

faces, to which it quickly adheres. Microcry sLul I iiie 
collagen is ahsofhed in about b weeks with roirdmal tis¬ 
sue rvitciion. It may be effective in the presence of clot¬ 
ting Efeclor deficiencies bui is. less effective in Lhrombn- 
eytopenijL. Ii has also been shown to he effective in 
tystemically heparinized patients (Abbott 1974). Sur¬ 
face hevnosLasiv ubLuned with Lhis agent appears 10 be 
most effective and reliable in such cases as VdKMlterill 
anastomoses ur surgery of the spleen and Uvtr. 

Erm f-:phr \sv. and Norefjnefiwine, Topically 
applied, Epinephrine, USH and Nartpintphrin* Bisur- 
ftir/e,. USP; produce an immediate but tninsnory vasu- 
consirictioii. which rnuy be of same value in local con¬ 
trol of bleeding Ann small vessels See Chap, fur 
indications and limitations. 

Miscsllanddus Topical Hemostatics, The 

locally acting kemostatia known as styptics arc (be 

oldest blood-clotting drugs. S-typlie* include such 
agents m ferric chloride, ferric sulfate, ferric subsul- 
fate, alum, tannic acid, chromium triosidc, silver 
nitrate, zinc chloride, ccrtarnine chloride. and a variety 
of other aitnngcnt substances. Some of these drugs are 


used locally in Mil strength its powden dtiscud unto a 
bleeding urea: in solution they are used in concentra¬ 
tions from I to 20M:. Action of these drugs, depends 
upon precipitation rrf the protean of Mood and soft tis¬ 
sue, and ihcy suppunciJIy se&J off the ruptured wwo), 
HoniWt many of these agenLh. qpnilly if used in 
high concentration, may damage tissues, resulting In 
sloughing and even recurrence of hemorrhage. Thus 
they shtmld be used carefully and ouly on SUfKffldll 
kstois. 


Systemic Hemost Ji ks 

HlLtKitr, FresJi whole hiewd or bLxxl cnpnpuik'tils Lire 
indicated for emergency treatment of acute hemor¬ 
rhagic syndncimes luodttd with deficiency of dot¬ 
ting factors Of plateleis (we Chap,. 29) 

VITAMIN K. Vitamin K is a I'at-soluble vitamin that is 
found in a variety of plants and ii produced by 
microorganisms. It occurs as a vitCOtB clear liquid that 

is very sensitive to light. lit main therapeutic usage is 

in the treatment of vitamin K, antagonist nsdenticidc 
intoxication. 


CHEMES1KV \M> MECHANISM OP ACTION. Viiamin K 
exists in three main forms Viiamin K-1 (phytonadione) 
is prcscni in plants, vitamin K-2 (men^quininfeo) Is pro¬ 
duced by micmoirgaJilstris, and vitamin K-3 (mm- 
dionej is li synthetic derivative iFig. 28.3). All of these 
compounds ere naphtlkHpLinone derivatives. Vitamin K 

aids in chc production of functional dotting factors, if 
VIE. IX. and X by pnscrihotiomal earhoxylation of glu¬ 
tamyl residues. It also is vital for the production of 
active protein C and protein S a both of which have anti- 
coagulatury effects. 





Warfarin Sodium 


Mtt irf.rnr 


Flti. 2K..T- - SEnjcLursf^ iT4 hydntiyuiinnunn, dicumunri ^bihhydmxyLLium.u-iriiv u-nrfarin. bmJ lyndHtlc viijeitin K 

(mrindfaifio). 
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Vitamin K-l is Actively absorbed in ilk «uD into- 1 

tine. Vitamins K-2 and K-.l are! passively absorbed in 
the ileum and colon. Solubilization by bile acid* is; 
required lot absorption of vitamins K-] and K-2, Bio- 
transfonnaLLon in the urbanism is required tor vitamin 

K-3 id become active (Mount I ^2% \ 


a kudil^ tkws of 5 mg/kg vhould bt given initially, iol- 
taml hy 2 5 mg/kg daily (Woody m al. 1992\ Deter- 
msfifliicwi of PT 4W hours after «tMUM» oF therapy is. 
recommended to detect residual toxicity. Substitution 
ofvjumln IK will begin to normalize PT values In 12- 
24 boon. 


CUNTCAL USE. DeDCHK} of vitlllUD K activity wfD 
lead co a hypncoapnlahlc siace. The major cause of ihj.\ 
syndrome in veterinary medicine Is the ingesiion of 
vitamin K anUgonist*. AnlagonivK can occur naturally 
(dicumarol, sweet clover poisoning) or ui commercial 
rudenticides (coumzrin. warfarin, mdimdinncs, brodi- 
tacuumL Occasionally disorders in fai absorption can 
lead to decreased vitamin K absorption. C~oagu- 
lopathies have been documented with Lymphocytic- 
plmucytk entenlis. exocrine pancreatic insufficiency t 
and bile duct obstruction (Perry et al. IWI; Edwards 
and Russell 1^157: Heet and lledlund 1^87}, Jn birds 
prokmged trfflilnitttihofl of mlfounldR for the treat- 
DHUf of c occi dtoi h t can lead to vitamin K deficiency by 
destroying the intestinal nricroorgutanfl. In swine 
porcine beamfugk syndrome in weaned pigs is 

believed to be related to tow vitamin K levels in feed 
(Liggett IWJl. A beritiblo mukUKtor viLunin K- 
dependenl coagulopathy has been deseumented in 
Devun Res cats (Soule el al. IW2J. 

Hvpoeoagtilabilily is documented clinically by 
prolongation of the coagulation Limes (activated 
cotguiabon toil |ACT|, pfothmsMope time |PT|. 
activated partial thromhH.xplas.iin time | APTT1 1 , Fac¬ 
tor VN is the vitamin K-dependent dotting factor 
with the shortest half-life and if also ihe Factor pre¬ 
dominantly measured by PT. As a result, PT va ues 

will change before AFTT « ACT values will. This 
makes PT' a good Lest to delect and monitor the iher- 
apy of a vitamin K-deficiem stole. 

The therapeutic agent of choice It vitamin K-L Vit¬ 
amin K-.l lus deinonstrared poor efficacy in veterinary 
patients as well as toxic side effects (Alstad et al. 19KS; 
Fernandez ct at. IWWji, Subcutaneous injection or oral 
administration are the preferred modes of adminisdra- 
Iion. Intramuscular injections have been recommended; 

however, web ;ut iqjstkn in sin urinal wftb a coflgu- 

lopathy may lead to extensive life-threatening hemor¬ 
rhage. tniravcnous administralion has been nuoc iated 
with anaphylactoid tadkttL Most protocols icccmi- 
mend giving the initial dOH of vitamin K by subcuta¬ 
neous injection to ensure that therapeutic Levels are 
reached. Thereafter, the drug can be given orally. A 
fully mc-ul will enhance nraJ absorption. Duration of 
treatment and dosage used will vary depending upon 
the clinical Indication Rohontog from first^eiKratiori 
viiajnin K-ariLagoifcist fodefltietdes (touiiuirin. war¬ 
farin ) should be touted for 4-6 days with 0 25--2.5 
ihg/kg divided BID in small animals. 300*500 mg Til) 
in lhtf%e> t Byars et al. 1996^ and LI -3.3 mg/kg. in cat¬ 
tle (Alstad el al. 1M5}- For second-gencralion vilamin 
K-antag-nnisl mdcnticides fdiphacinunc, tmdUfeCOUm^ 
the treatment period should he attended to 14 days and 


DESMOPRESSIN ACETATE (DDAVF). Desmopressin 
is a synthetic analog of Yuoprasto, and ts used in the 

treatment of central diabetes insipidus and to uull- 
siicntly ftmto levels of vWt' r The dention in vWf 
allows surpjeat procedures to be performed And aids in 
the control of caplUary bleeding from wounds in ani¬ 
mals with voii WUMkihI dwaM. In s-ximpiirisuu to 
vasLHpressiis, DDAVP Iuls ininiiviiil pressor effect!. 
Administration of this drug leads ti> the ntelH of 
stored vWf from endothelial cells and macrophages. 
When DDAVP is given, a rapid rise in v\VF level* 
occurs, with larger, more-active mull i meres predomi¬ 
nating I Kraus tl el. 1987; Johnstone and Crime I986 )l 
T hi> effect is reduced if the drug is given repeatedly, 
since the storage pools will be depleted. I"hc duration 
of elevation is approximately 2 hours (MujiseLL and 
Farry IWI). Ibough the elevation in vWf levels found 
in LUDgs w coulderiUy lower chan in human* clinically 
& decrease in buccal miicMsal bleeding time was soen 
(Kraus et al. l^KTl. In stHH Ltogs only a mininruil 
response m noted. The recommended dosages for 
dugs is 0.4 pg/kg given subcutaneously. 

Protamine Sulfate. Pmamtnc Salfiat. LISP, k u 

tow molecular weight pRUew found in die '■perm of 
certain fish, tt is srrnngfcy basic and eombines with 
acktic heparin Cci lurrn a stable salt that prevents any 
further anlacuagulant activiLy of heparin. Ebutamine is 
used as an antagonise mty Cu liepunn-evoked lieitwr- 
rhsiges. li akso arrests aettoa of bepariii in vitro, Ptota- 
ntinu itself has aobcoagulani prepertie! probably 
caused hy interference with the reaccinu of chnunhin 

and fibrinogen. This would imply that the clinician 
must take care non so ovemrotnloe the ad ion nf 
heparin 

Protumtne is av-iijlable iis a 1*2% toludoa. It is 
iutminihiered slowly hy chc IV route at a rate oo greater 
than 5ft mg ow a JO-niinuie period. The average duc«: 
is I-1.5 mg Lo ontagunize euch I mg heparin. ThcdoG t 
h relaled tu the liipve of Lime Irism adminivLratiofi: e.g s * 
minulev after heparin injection only 0,5 mg prota¬ 
mine may be required lo antagonize each E ntg heparin. 

ANTICOAGULANTS, The principal uses of intk» 
agulant agents m in vitro to preveoi clotting of blood 
fur tnosMof i.tf diagnostic u&e and in vivo to prevem 
dmlopmaf and cnlargeiiveiit of tiunnlM. 

In Vitro AntinHi'nbinto. A variety of chemical*, have 
been used to prevent coagulation of shed blood. Essen¬ 
tially two categories of chemicals are used; [Iivksc 
employed is anLtcoagulaiLLs in samples of blood 
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mLeifed^d Cur physical or chemical eULmkutioct and 
4t»Kc employed tcv preserve blood fur transfusion. Cer¬ 
tain nl'thcw agents can be used to prevent denting both 
in vitro and in vivo I'hepurin jL white others may be good 
for use in vitro but are not practical in \ ho because of 
their toxic ily (oxalates )„ 

Anticoagulant agents tind in laboratory fldfltfaubon 
of blood Include |i S sodium oubte in w c«i«n(rat»fi 
of 20* at (he level of OjOI mL/ml. (2 ug/mL) blood; 
(2) SaSuir CJJmte, USP, in a concentration of 25% a.1 
Lhe rad of OrOI nUnL(3J iriy/ptL)blo«l; (3) E&tote 
ZKwidbn USP (lindrale. Sodium VsnflUte)L Lo pre¬ 
vent coagulation when used inn a concentration of 1 
mg/5 mL blood, the anCicnguLm properly being 
related lo its ability to die I ate calcium; and (4) heparin 
sodium Co prevent coagulation (75 units to each 10 ioL 
whole bind), 

Any of these anticoagulants may be added lo sample 
Lubes in the desired amounts and evaporated to dryness, 
SLenle vtctuin lubes lhai contain appropriato anlicoig- 
ulants and double DHdH ft*r cue in blond CuDectMft 
are available. 

Aihlkuagulunis. u*vd fiw blood and blood component 
transfusion* ideally should maintain I he function of the 
individual components and have preservative effects. 
Anticoagulant agents used for blood and blood plasma 
tnurfusion include (I) Acid Q tmtt Dutwk, USP 

|ACD solution), consisting of sodium citrate 25 g. cit¬ 
ric acid E g, dextrose 24.5 g, and distilled water to make 
a lota] volume ul' 1.000 mL, given at the level erf 15 
mUlOD mL bluod. Several commercial firms prepare 
vacuum bottles containing these or comparable ingre¬ 
dients. The lankily of dinted blood injected inim- 

v^iHius-ly varies with rate of injection and local (low. 

The lethal dose of sodium crime for the dog m esti¬ 
mated Lo he about 152 mg/kg alter extensive hemor¬ 
rhage; in the normal intact dog the lethal dose is about 
286 mgflip. l2li Cliirate-phosphale-dcxtrose-adenine 
(CFDA-1) is now the most commonly used anticoagu¬ 
lant in human and veterinary transfusion medicine. It 
can maintain a high level of erythrocyte pusLLran*fu-siun 
viability for up to 2b days in dugv (Pfict et aL L98B), 

Other DKUtt also may prevent or relard coagulation.. 
These are cold, at 2-5 ,: C- and coJkctioo of blood into 
a receptacle having smooth and unsellable walk* e.g,, 
pnffin or silicone coated. Silicone coating is the must 
effective metht*l far many types of mechanical devices 

iiswl for inipfanturion. tnufusna tud dialysis. 


Systemic VnlictKiguIjiil^. Two types of anticoagu- 
binLs are used therapeutically fur preventing enlarge¬ 
ment of ArauN. Heparii used ptmtera&y hu :* direct 
iuid almost instantaneous action im the coagulatimi 

piwt*l P whereas llte coumrio derivatives (for oral 
ndminiMtartonl ham ao indirect anticoagulant effect by 
acting a* vitamin K antagnnists in ilh h hepatic tyadnii 

of certain coagulation factors. Therefore, action by the 
eoumarin derivatives is delayed for several hours. For 
emergency treatment, heparin is used first and ihcn 
may he followed hy the coumarin derivative*. 


f 


Other anticoagulant include cdeoi* udlum P 
sodium oxalate. and sodium citrate, which hinder coag¬ 
ulation by combining with calcium. However, tine 
ageuLs are not effective in vivo because lowering ion¬ 
ized calcium to Lbe anticoagulant level fa incompatible 
with life. Dcjctrnn sulfale has anticoagulant properties. 

hut its lUL'Iivily is variable.'; its use is lilllLlcd Lo ;i p|jL\hla 

expander. 

Roth categories of the systemic anticoagulants aeL hy 
inhibition of the action of formation of one or more 
clotting factors isce Fig. 28.2). This implies that Lhese 
drug* exert their action by evoking a clotting defect 
similar to LhaL of clinical diseases. CMBHymlly, there 
is a relatively unw ibtflpflltk mite, since hemor- 

rtuge can occur as a mult of individual susceptibility 

nr mi interaction uiih other drugs used simultaneously 

(Sndmniewtcz ami McCrady 11977), 

H khakis, Hepaiia (Heparin sodium, USP; Heparin 
calciunipCikipiriiH) is dv only pamrienl antiooafn- 
lunc available and is aim the nod commonly used anti¬ 
coagulant in veterinary medicine. In can he used in vivo 
amt in vitro. Heparin hits Knln antithrombotic and anti- 
cnagulalory elfecLx. which arc not mnwrily depend¬ 
ent on each other. Hepaiin is. prcpared from bovine 
lung tissue or pnrdne intestinal mucosa. Roth calcium 
and sodium salts of heparin arc available for therapeu¬ 
tic use and occur its a white hygroscopic powder that is 
easily soluble in water, in human medicine nzeeni 
research hu> focused on synLhcLic hepairinufld* anti the 
clinical applicability of hepariu buctiow of vulous 
molecular weights. 

CHEMISTRY A NO MECHANISM OF AfTHi-V Pham- 
ceuiteal-grade heparin is a hctorngtfncous mixiure of 
anionic sulfatcd mucopolysaccharides, with molecular 
weights ranging from §21X1 lo 4IMXK) dalttins. KelaLive 
antithrombotic and anlicoagutatory aclivily is related to 
molecular size. The variability in botii molecular com¬ 
position and biologic aclivily necessitates slandaidi/.a- 
tion of dreg CODCCOtntiOD fry biotuqf of anticoagulant 
activity (expressed as units). 

The reversible binding of heparin to antithnnnbin III 
(AT DRi <1 pnteuc Inhibitor, is responsible for most of 
the anticoagnlaltny effect ofliepann. Affinity for AT III 
is dependeul upon molecular si/e (l : 'areed cl al, 1985), 
Binding to AT 111 causes a, conlormalional change in 

fc AT 111 motecute that significantly e nha nce * ta 

inhibihiry iflfise) on various iiclivuilcd ccMigiilnli^in r^ie* 

tors, especially thrombin and activated factor X (Xa) P 
'Lhe rate of inactivation can increase HKXJ- to lOdKMJ- 
fold. After luctivuion tut occurred, the hepiirin mole¬ 
cule dissociates ficun the complex and is available for 
TuhIkt Interaction* In a pharmaceuLuraJ hepariu prepsi- 
ntioo* only 30-30* erf the heparin molecules p re te rt 
will bind to AT Id, Heparin acts- as a template to whicli 
thrombin and AT Itl can bind and therehy im^ract tc? 

form an ioKtive covapeund Sunufeumt binding nrf 

factor Xa to AT [IE uihi heparin is nut r^uii^cl 1iw inc- 

tivatiun. I .ow-motccular-wfigh| (LMW) fnctHU oj‘ 
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bepariii IftfdtvMe only fsicEur Xu heuiiuse they are not 
large enough Lo bind thrombin and AT 111 concurrently. 
The additional inactivation of thrombin by high-molec- 
ulur-weight (HMW) 1 ructions of heparin increases ihcir 
iuiLicoagulalufy ability. At higher dosages hepann can 
also bind lo heparin cufucLor Jl. which inhibits only 
thrombin. Heparin also hinds to endothelial cell walls, 
imparting a negative chiiige, iflectt platekl aggrega¬ 
tion and adhesion, and iikcre-iu^s. levels or plasminogen 
activator (Elirsh el al. J992 a), tn addition, il recently 
has been found that heparin administration leads lo an 
increase in I he levels of tissue factor inhibiEor iCJster- 
gaaid el ah I SB'S). These effects all contribute lo Lbe 
■ntkugttlAlofy and untittnmlHtk actioo of heparin 
and wy with ite individual beparil fraction. An shUi* 
tbool effect of befurii chat <kn tot wjem to be reluicd 

Lo hemostasis is ihe ability to liberate lipoprotein 
Lipase, which lowers- serum triglyeerick levels. This 
churactenslie can be used lo detect lipoprotein lipase 

deficiency. 

The pharmacokinetics and pharmacodynamics of 
heparin are very complex. Most of an administered 
dote of heparin is bound extensively Lo endothelial 
cells, mucruphages, :md plasma proteins, which act its 

storage pools. Oboe these pools have been vuurared. 
free; heparin appears in ihc plasma and is excreted 
shrtvly hy like kkfetty. Heparin is iVHiaholi/td hy ihe 
liver ami also by the reticuh^iHloiteliijI system (RES). 
Clearance of LMW taetkw k slower ihan Uiat of 
HMW Ikact ions, which leads lo ihcireumukiliun in tike 
organism. All of I best fuclor* cause the kinetics of 
heparin in he highly variable between individual* and 
wiihm she individual A fined dow cannot he exported 
lo produce a uniform level of anlicoagulalion or 
antithrombotic effect. In addition, since most of 
ihrepuLriini efficacy is dependent on AT [IL km levels of 
this protein will result in reduced anticoagulant activ¬ 
ity. Biologic hall-life is variable and depends upon, die 
dosage administered and Che route of administration. 
Subcutaneous administration leads lo slow release of 
hepann and- has been found to have an effect equhllent 
lo iniravenous Ikeparin for Lhe prophylaxis of thrombo¬ 
sis. iniravenous administracion leads to high initial lev- 

ek with a short half-life, 

CLINICAL. USL Heparin has a variety of uses in veteri¬ 
nary medicine. In humans il is used widely, especially 
in the prevention of venous thrombosis, [ts use in Ihc 
treatment of established Ihmmbi is also advocated. The 
predominant use of heparin in veceriimry mcdk'iw has 
been in lbe mutgemeot of di^miiwred ituravsscular 
coagulation (DIO and other pnflcnlially hypcrcoagula- 
hle states (Cushing’s disease, nephrotic syndrome, caj- 
diofnyopaihyT [ .ow-dnsc heparin has been reported lo 
decrease the compticalmns associated with hcartworm 
adulticide treatment iVe/Jcini and Uenchi l9Byj. It 
may also he of benefit in the treatment of severe pan- 
ciC-Biili* i Wright and Goodhcad 19711). 

The major adverse side effect in animals is excessive 
anLicuagululkm leading to hemorrhage. Inlramuscular 


adminihLratiim is contraindicated, as il may lead to 
extensive henuiloma formal ion. In horses, treatmenl for 
several days with doses of heparin ihai were believed lo 
produce therapeutically desired levels of anticmgula- 
[■lhi led lo a significant (50%) drop in red blood celt 
(RBC) mass. ITirs- may haws been kuoritiod with 
increased RBC removal by ihc HES (Duncan el ai. 
1983). Erythrocyte agglutination has also been associ¬ 
ated with heparin therapy in hones (MahafTey and 
Moure 1906). 

Guidelines fur heparin dosage vary widely. JJtrth 
higNott and low-dose regimens have been devel¬ 
oped. their applicability will depend upon the clinical 
irritation. High-Jose Ikeparin iterupy aims to increase 

APTT I5-2J litiw^i bueUne i* ACT L2-L4 times 

tuidittr I is mam clinical fatdAckbH is Che treatment of 

established Etaornhocmbnli. The amount of heparin 
required to achieve ehi.s goal will vary with each indi¬ 
vidual and. since the pharmacokinetics are nnn linear, 
will vary with each dose administered. Ln dogs 1 MI-251) 

U/kg TJD and in cuLs 25(1-375 U/kg TID will usually 
suffice In achieve (his goal. A higher leading dose may 
be of benefit. Regular and frequent monitoring flf dot¬ 
ting times is essential. Severe anemia m detected in 
hmMJs administered dwayfi llkal led lo the desired pro- 
loti gal km of cloning Limes after seven! days of ireat- 
mem. 1 w-dwe rumens arc generally 75 li/kg TID in 
small airimak and 25-100 17kg TID in hones. This 
regimen is especially useful in the management of DIG. 
Tlh' effect on APTT should be minimal with lov-dw 
heparin iterupy. yet Lincilhrofubotk; efficacy should be 

uunttawL Bleeding tendencies also are reduced 

Vitamin K A nlugon Kts 

CouMAJtiN Dewvatives. Vlunifl K auagoaists are 
atlminivlcml ivully: lhe mosl important group of the 
oral anlicuugulanLs are the coumarin derivUm. 
Cauurlfit menially present in hhk ^.pc^'it!^ of sweet 
dovec has no aniicuugulani action. However, bishy- 
dfcxyctHiintria,. a derivative of moldy or spoiled ^weeI 
clover. ;is reqmulUe for a hemorrtkagk disea^ in cat- 
lie. This, comp oun d was synthesized by Link (1943- 
44}. Otter drugs have been synthesized wiih the J- 

hydroxycmimarin stnicikoc. Of the M^vcral coumarin 
dcrivalivcs, bishydnaxycoumarin (^cwmdnjf, USP) 
was the Jinl oral anticougulanl and 340(-acetnnylbcn- 
rylM-hydrmycoumiinn (Htirjfirrfn JAfian; USP; Pun- 
warfm. CLmmudiif was the secood compound used 

CHEMISTFYr Dicumarol is a colorless, crystalline 
solid: ii is relatively insoluble in water bui forounhh 
bJc sails with strong alkalies. Tine chemical structure! 
of coumarin. dkuauroL warfaria, and menadione are 
shown in Fig. 28.3. The structure of viiamjn K suggests 
die cumpeiiiive relation between ihc vitamin and these 

inhibitors. BkHvalUbflfty of warfarin is muuh greater 

than dbnnnl because it is approximately 75JJ0D 

times more soluble in aqueous media. Warfarin is 
extensively used as u rexlenticidc became il produces 
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fiiLiil internal Uecduy Domestic animals il» may be \ 

|fc>isoneLl accidental! y. 

Am ON. Ccwimariji derivatives share one major phar- 

atcokigk action: m vivo UUNtiofl of blood coi|oki r 
tiw mechanisms. This icM) is achieved not by direct 
depression i>f preformed cnmpnneni** of chi: coi|u)ft- 
[prtiii cascade hue by inhibition of heparie synthesis erf 
viiamin K-ricpcndcnl clotting factors, i.c., prothrombin 
and betort Vll^ IX. and X (Rg. 2K.2 Jl Unlike heparin, 
therefore, cuunufin compounds are inactive in vim. 
Their in vivo aniicoapulant activity is apparent only 
aficr a Latenl period of al least E-12 hours, which 
accounts for the time required for nudum] breakdown of 
circulaiing factors already present in tire blood. After 
cessation of administration. anLkrnagulant effects cun 
last for several days. This reflects the Lime QfiCtttuy 
fair reappearance erf newly synthesized clotting factors 
The formation of lunciiunut clotting Ercton IL VII* 
IX, and X is dependent upon the presence of vitamin K. 

Alter the precursor pntciiu of tbae clotting factors 
have been synthesized in the liver, they muse mudago* 
cubosykuion of lermtoel glutamic acid residues. The 
CtltoxyMoi results in the oxidative inactivation of 
vitamin K. The resulting vitamin K epoxide is then 
recycled by epoxide reductase GO that il can again piir- 
ticipiite in I he cLniversinHi of precursor proteins [l> func¬ 
tional cloning factors. Vitamin K antagonists exert their 
effect by inhibiting epoxide reductase. This results in a 
rapid depletion of vitamin K stores. The coagulation 
factors arc still produced hul are rml functional. 

Experimental evidence indicates Bhul viuunin K and 
dieuniarol are mutually antagonistic (O'Reilly 1972). 
Administration of vitamin K can reverse hypupro- 
Lhrombinemiu produced by cuumunn cotnpOUkdt This 
action is clinically unpurlanL where there is an unuMiul ! 
response to dacumaroL as in iwerdosage or accidental 

ingestion. The antidote! effect erf viHmin K and- ils clin 

ical use haw been discussed!. The charuLlcristics of 
coumarin derivmtma and those of heparin are shown in 
Table 2M- 

ABSORPTION AND MirTAHOUSML Ditumarol, il-* other 
coumunn derivatives. Is absorbed from the Gl tnct; 
over 90K is bound to plasma protein and wine is stoned 
in Lhe liver, This binding is revcmble and i§ in p;in 

i wp o ml bte far the long plaama half-lift of these drugs. 


Despite thi* property, the drug displays great vunatul* 
tty in cicLion. This may be due to variable metabolic 
transformalaoTi. Gl absorption. a fKKfttrie influence of 
diet (amount of vimtul K). and. interaction with other 
drugs. Dicumurtpl is hydr oxyluicd by hepatic enzyme* 
to inactive compounds ihai are excreted in urine; the 
meiubolites have no anticoagulant elTccL. Variations in 
rale of metabolism are due in pari to genetic factors. A 
small quantity, if any. appears unchanged in urine. 
However, counurins cross (he plrtif and are proba¬ 
bly tee reted in milk (SEobunicwicz and McCndy 

mil 

laboratory control. Became of variability toi 

ukjividiijLl and sperief response lo Llicurnaml, lahora- 

tnry montloriig of priUhronfiNn activity is essential in 
its clinical me. The most widely used method far regu¬ 
lating dotage of the drug Is che (Juick test, or the ooc- 
stage pruthnnubin lime. Tlh- prothrombin time Tlpt a 
patient mi oral mti cw gil m therapy ibould he two to 
i wlp iun.1 one-half times the L-LKmn.pl value for that indi- 

VfedlLUl. 

Cl.IN ICAL. USB. ■Clinical use erf dicumarol in humanv 
has been rated av effective lur prophylaxis and CreaC® 
meal of venom dwombosia. All coomacin derivative* 
can cause l me principal side reaction, hemorrhage. 
However, bleeding rarely OCCUt If the dott is regulated 
in relation to prothrombin lest results.. ConLraindica- 
tiotu include bleeding from any cause, purpura of any 
type, ur a severe sLale of malnutrition. The comufin 
drug* have received hole clinical use in animals. 

HUH IKTERACTVON. Drug interactions may be associ¬ 
ated wUh the process of ahtOfptkHL distribution, bind¬ 
ing. metabolism. and oicntkn. A large number of 
interactions may potentiate ur inhibil die anticoagulant 
KtiM Lsf the enunwiji grew p t>f draglr The most 
importune prescribed drug's thai may inenue the 
response 4U“e phenylbuta/one. heparin, salicylates, qui¬ 
nine, broad-^pcctrijm antibiotics, and anabolic steroids. 
Among Ihdtt that may decrease response are barbitu¬ 
rates*) by induction of liver mioinumal enzyinevj. chlo¬ 
ral hydrate, ^uiti gnsetrfulviu, ExjHminenially, il has 

been shown, ihai che hypofmdnoibhKcnk iwtlviiy of 

orally admin tiered dkuniaml is nullified in %heep pre- 
ifeased v?iih phenobarbical t^hccty et al, 1972j. 


TABLE 28 ^— rhftmiftratogjlf ftaracterhlioi nf h^parferp anfl en^nvarin df rival h e anliefwiigiilMii^ 


diLtracbeiiyU: 

lleparin 

C"l umarin deri vjIi 

Mechanism Lif ai'ticm 

Antaipxnisl Ie> Ihmnihn and aclmriud 
faciors IS. X.XI. and XII 

Inhihit hepaLie synthesis vitaium 

K -dt-pendcnc c louiiv faiciors 
(II.VlEjX, ami Kl 

Onsel o f k tin 

trranrtfiT 

Delayed 12-24 hr 

Du r u C i ■: m 44 MiOii 

A hr 

2-J days 

Route of administruti«.m 

Parenceraj 

Oral 

Ijihfirahny cunlniJ lust 

CUrfLing liivw. parlial Llisf-snl>jji!l.n-^M! Liiijc 

PmIuhoMo Time 

Am idnlal tficnpy 

Rmljrni ne, fresh hkhid 

Vimmin K. fredi blood-or pln^ma 

In viern activity 

Yes 

Nb 
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CotHUriltt may inhibit metabolism of phenytoin, Some 
phytkilogic flcUncs may ibcreilc (he an: Lion oF 
OHffliriu; e.g.. hcpulK - dyrfmctkm hypermetabolism, 
iiiki viiMrnih K deflckocy resulting from [kmk absorp¬ 
tion. mher physiologic Factors may decrease mporr 
to Htkatguluttl, e g., pregnancy and diuresis. 

ADMENlSniXTION. The dcngc of oral anticoagulants 
in dogs is hused on ihc schedule used hi hiurltmlK. 
Dicumurul is given chi (Ik first day luI 7 mg/kg; the 
average daily maintenance is one-lhird eh iwo- 1 birds 
the Unit day’* dose and is dependent tin daily pro¬ 
thrombin limg deteiTiii nations. When prothrombin 
activity in reduced Lo less than 27'#, ihc drag; ihum he 
disc mil i nued. 

Dicumaml is available in 25, 50, iubd i tO mg cap¬ 
sules and tablets. Warfarin is available in tablet form 
■12-25 mg) and for parenleral use (25 mg/ml.L 

OthiiR Oral Antkt>agui.a>ts. In addition to 

die uinarol and warfarin, uther oral anticoagulants have 
been developed. These include phenpmco umon , acem> 
^ciupnamL and ihe wdundione detividVH, HKtt com¬ 
pounds have* little if any clinical use in animals. 

RERINOr-rmC AGENTS, The basic mot flf Hari- 
nolysis is ahsijircted in Fig. 28.2. fiiafrnaedogic" accd- 
craiion of rhis prt^ess krvohtt drug.* llwE enhance the 
conversion of the inactive precursor plasminogen to the 
active (Ibriaolytic auyme pll&iiiiin (Sherry ud 
Gustafson 194471, PLjihdnhhigen exists in two phases,. Eltc 
pLamu or soluble phase found in ihe circulating bhxidl 
and the gel phase hound io fihrin in Ihc formed clot. 
Thus when a plasmiihipen-jieci taring ^geni conm in 
contact with Ihe dot, iihrin-bound gel-phase plasminu- 

gn is activated to pUtnis locally with selective fibn- 
ntyiiL There is Increased tendency lor system h: bleed¬ 
ing if, instead, soluble-phase plasminogen ift also 
activated, PLaxnim formation would tlfcn occurtliruugh- 

smC Lhe dfCUlfctioi nil her than being bedittd to the 

Donned dril, Indeed, the presence of pLasmin in periph¬ 
eral Mood indicates a pathologic Hbnnulylic stale. Such 

□ condition reflects tmnctintioo of pto nus ogM, 

which overcomes ihc iieuif alining uapjieity of 
endogeucius antagonist to plasmin called ci,-antLplasmin. 

Fibrinolytic activity can be activated or inhibited by 
several addi tioud endogenous and exogenous agents. 
Common activators are hormones I androgens. corticos- 
leroid-s, growth hormone i, enzyfflH (strepmkinase, 
slaphylokiny.se), epinephrine (enercise, siress), and 
agents from Ehc body Jluidi i urokinase, thrombin ). 
Inhibition may result hy preventing activation of pkkK- 
mi nugen {e-*nhUKlfMtitC add. calcium, and antibodies 
to streptokinase or sLaphylokina.se? nr prevention of 
action of pla.vmin (antiplasmin u,. a,- globulin) 

(SzaJbuniewicz and McOcady 1977V 

■ 

Oiifeioil Aspects.. Owuivily fur under activity of the 
11 brim Ay tic mechamsm rvuy result i-n hem^inbage or 


vascular thmmhi respectively Ovnactm Gbnmtysu 
has, been recognized in j variety of pathologic cundi- 
tions in humans (c.g., shock, blood disonkn, Itepalic 
cirrhosis, snakebite, and following lung surgery) In 
these ccMndiciuns, excessive (ibriaolytk activity may he 

present in assoc ialion with rapid digesiinn of pro- 
thrombin by plnsmm or nnhlhitinn of other factor* (V, 
VII. and VIII). Two drug.* are available Few treatment of 
hyperfibriftcptybc ixindhions: Ajniifocqpnnc AridL \JSP 
( Amkar, Caprockl), and a bulogk inhibitor, ^rcuirtin 
(Tran^yJul), Apnuciitin is a kullikrein or protease 
enzyme inhibitor. In humans* undefaedve fibrinolysis 
is postulated to pluy a role in ocdiuht ^mciilar dis- 
cise, as in myociEdhd infarction, pulmonary Ehrom- 
boentbolic disease, massive poslsurgical adhesions, 
ud such unrelated processes as inlla.inmaLion and 
mfllig-ttiUK-y It appears possible to enhance fibrinutylic 
aeiivily wilh Lliugs, ThOM UWfergolltg dlllknl Inals riw 
human use aic sutfboyknn iiii Dowtubetic subjects 
(tolbutamide, ehlorpropamidc), anahedic steroids (ctlii- 
ylcsirol, mcihenHlonek datibnte (Atimud-S), aJid 
biguanidine tphenfonmidp metformin). 

Eapfirimeoully + postoperative adhesions have been 
success fully prevented in the dog wiih wokhiK 

(Gervifl eE at. 1975}- AnLieoaguJants (heparin or 
coumunnsj arc elfectivc only in prevention of itimmhi 

and have little or do effect on fibrin ikudy formed. 

Streptokinase l-s available tor clLnsical use.. It lh a sta¬ 
ble. vacuum-dried powder containing -strepfococcal 
enzymes. Streptokinase ictlma human plasminogen 
to Lhe humoral proLeolytic enzyme pLu.%min. Plasmin 
lk|uefieN fibrin or dotted blood. The COtWfti m of ani¬ 
mal plahmiilogcrlh- ti.? ]>l LL^-nlin^ by htn-'plokmuiM. 1 vjri- 

iiible, | jk at ti^t i^i itfletftotl wbeoever teouvil of fibrin 
or s viscous exudate ri desired and drainage can be 

achieved. Clinical trial* have demonsiraled its, useful¬ 
ness in treatment of wounds nnf responding, to antibac¬ 
terial. therapy, such as bums, ulcers, chronic ecZEVTH, 
ear hematoma, otilis externa, sinusitis. cyst?t, fractures 
wilh fi.vtuhTus tracts, and cwleomycliLis, ijo^ally, it can 
be administered as a powder or wet pack by infusion or 
irrigation. Li-quefaclicm of blood clots and iihrinous 
exudates may occur io 30 minutes to 12 hours. 

Parenteral adininislntifla has been used in treatment 
of ulnck eczema* dmuilllh, edema, cellulitis, 
hematoma, trauma, and pneumonia. For parenteral IX, 
the Mduiion may be adminiscered iniranmseularly or 
intravenously/nK.' daily dose fur large uisimals is. SOtXb 
10,000 uniLs^'d. 1 ! kg. The recommended total daily dose 
foe small uinuh b STbki- 10,000 units.. Then^y may 
ho given 1 ett 2 tiius dally for up to 5 days. 

.Sirepti^kinu.se-streptixk'irnaKe is avaiLiblo in vi^ls oon- 

lainlng IdOuOOO stn^tiddiuK units, 2SJOOO s te p t wtor- 

nibie unite, und TOO pLasmimigen uniis. It is recomnicnded 
that untihKlerial agents he ^minLctcred simultarwMidy 
with the en/yme preparation. Anaphylactic reactions may 
occur folhiwing. parenteml use. The pnxloci is contraindi¬ 
cated in the presence of a hkKMl dyscrasiiL 

Fihnnolysin (Thromholysin, Attw) is an enzyme 
preparation derived fmm a traction of human plasma, it 




LTi 


r 


■U" 



Chapter ZK t HFAhlffTATIC *-ND AKTICTMflllLAKf MttKH / ?l ftirtumti Mam / 5*3 


is prepared by mncm of Mrepiofcina^ on human profib- 
rinolysin and is {Kirentijilly useful in treatment of 
thrombosis, ynd embolism. The drug has several 
impJeasLLiac siite dfeciv. in humans a dose of 30,000- 

100,000 units/hr hy IV drip for 1-6 hrfdty is recom- 
raciidwi; this dose may be given 34 days. An effiedive 
antagonist of fibrinolysm is aminoc&prok acid. 

Urokinase (Win-Kiliw, Ahbokinase,. Breokinaseh 
excreted in human urine, is n iwtiviikir of pliis-mi m> 

g.cn. It is believed thul this preparation may have some 
advantages over streptokinase. It purportedly prevents 
serosal postoperative adhesions in BQ% of the dogs 
when administered as a lavage in a dote of 
10,000 UliuA| into the peritoneal cavity. 

Bisusrbin lactone (EN 1661.) is a synthetic fibrinolytic 
drug in the investigational phase: it resembles, uroki¬ 
nase in action . 

Tissue Plasminogen Acliv&larv Tissue-type plas¬ 
minogen activator (t-PA) predominantly exerts its 
ellievt tn association with fibrin clots. Its spedfidtY fur 
cloEs is therapeutically attractive. Unlike other plas¬ 
minogen aclivaDorSfc t-PA does not induce a systemic 
prcrieotytfc state. Though the commercial product is 
recomhinant DNA produced liurii-uii-Eype tissue plas¬ 
minogen aeLivaior, its efficacy tm been deimfutnted 
in eilis. (Pion lit addition. cht= toed application of 

fc-PA has been found efficacious in reducing intraocular 
fibrin deposition (Gelding el til. 1992 ). The major clin¬ 
ical use to date hu been the lysi s of aortic ihrornboem- 
boli in eais. Intravenous. ikiminblmkiiL of t-PA resulted 
in a rapid return to function. However, 50 r f of the ani- 
mals treated died acutely after treatmeni. This, was 
aLLTibulcd Id Lhe rapid re perfusion of the rear extremi¬ 
ties* which resulted in hyperkalemia, and heart; failure. 
A factor dial may limit the use nf t-PA is the expen.se of 
the drug. 

ANTI PLATELET DRUGS. PlalcleU have 5I central 
role in the initiation and propagation of thrombus for¬ 
mation, They a variety of substances that pro¬ 

mote Coagulation. and titty also form the initial platelet 
plug. Pliildels begin lo adhere and aggregate in 
response to 3 myriad of stimuli. The central pence ss in 
aggregation fa a Ik 1 ration of c AMP levels in Lhe p hue let. 
Increased cAMP iuhlblrory, while decreased cAMP 
is proapgTCgalnry. It is important lo remember that a 
variety of stimuli influence pbick-c function m vivo, 
but many of the in vitro meihod* used lo assess platelet 
reactivity and (he e H'eetiveness, of antiplatekl drugs 
suffer from tile inability Lo truly recreate Lhe in vivo 
environment, Another factor chat lead-s lo eli fllcu llies in 
assessing clinical efficacy based on experimental work 
is- that platelet reactivity varies between individuals and 
with health status. 

A variety of drugs are used |o reduce platelet func¬ 
tion. Clinically this should be beneficial in the preven¬ 
tion of ihromhotic disease, especially if affecting arter¬ 
ies. In humans the efficacy of some: of these drugs in 


lhe prevention of myocardial infarction and stroke has 
j been proven. The most common indications in veteri¬ 
nary medicine are to prevent thrombi associated with 
ieline cardiomyopaLhy and lo reduce the severity of 
pulmonary endarteritis. associated with heart worm dis¬ 
ease. The efficacy of anlipkldet drugs in alleviating 
lhe proliferative changes in arlenes associated with 
licaitworm infestation remains controversial 
£ Boudreaux et al. 1991a; Keith et al. 1981: Schaub et 
all, I9B3), Fluielei inhibition may also be beneficial in 
membranous glmticnjknicphriLis,. mild DIC, and pul¬ 
monary’ UiromliwrDboIjsm as well as in the reduction 
of metastasis, In horses platelet inhibition may be of 
benefit in the treatment of thrombotic disorder such as 

laminins, and navicular disease. 

Aspirin. The only commnrdy used antipJatelcc drug in 
veterinary medicine is aspirin (acely I salicylic acid. 
ASA). Aspirin is a nonsteroidiil anti-inllummatory drug 
(NSAID) Him inhibits lhe activity of tyckwaygenii.se. 
Other NSAIDs. such as phaiylbukMne and Jlumxin 
meglumine, share lhe same mechaitivin of actiore yet 
aspirin Is. unique in that men $t low doses it causes irre¬ 
versible inhibition of platelet cyclooxygenase. Aspirin 
UL'ctylalcs- this, enzyme, which leads lo decreased pro¬ 
duction of eicosunuids by lhe platelet. The most pivciial 
eicosunuids for hemosLasis are prostacyclin iPCil...i and 
thromboxane A, (TA^). PGl. is a potent vasodilator and 
inhibitor of aggregation, while TA. is a vasoconstrictor 
and a Mixing aggregatory stimulus. 

Aspinn is rapidly absorbed after oral udminislratlnn. 
Hydrolysis of thoaeetyisalky lic acid yields salicylate and 
acetic acid In the liver the salicylate is conjugated w ith, 
glucuronic add, which cun then be excrtled by the kid¬ 
ney. Animals, such as cals. wiLh □ relaUve deficiency of 
glueumfiy] irunsferjw activity will huve prolonged ASA 
half-lives, which can lead to cumulation and toxicity. 

Once ASA has been administered, rapid and irre¬ 
versible inhibilion of plalclct ■cyclooxygenase’ occurs. 
Since platelets do not produce appreciable amounts of 
new enzymes, ihh reults in decnattd plaiekn aggre¬ 
gation response because of lower TA. levtls ihrvughoui 
the life spw of the phuelet. Aggregation ifeponse will 
return |o nmm] m new platelet enter (he bloodslreiim. 
F.ntJoEhclialj cell cydmixygcriase activity is also inhib¬ 
ited hut recovers more rapidly. This inhibilion is con¬ 
sidered drieteriws since endothelial cells produce 
PGI„ which is- antithromborje. Proposed explamiions 

for lhe more rapid recovery of endoElielial cell 
cyclooxygena.se activiiy include reduL-ed s^isrlivity m 
ASA of Che endothelial cell cyclooxygenase., ahiliiy to 
syniheiiiza new 1 cyeltH^xygena^e, and Lhe pharmueo- 

logic distribution of ASA (Hindi m at. 1992b). The- last 
theory postulates ihai platekEs ure exposed lo ASA in 
lhe enterohepatic circulation before ASA is 
hydruly/ed. At low doses endothelium will primarily 
he exposed lo circulating salicylate rather than ASA. 
Higher toes mil result in cireulating ASA leading to 
endothelial «11 cyelrmxygciiase inhibition The differ- 

emial inhibilion of platelet and endothelial cell 












rrytlotEtygcnasL" has resulted in research efforts It* find 

an Ideal dote of ASA that will oulnuJIy limit praj- 
gregatuey platelet TA, and minimally dvcratw levels- off 
iinLiihrwmbdLk- PCI,. In addUun, km donga s-tont-ld 

mhjtriw ijfHr ^. 4 JMtL>iibio.iiikjl side effects seen with 
AS A, The goal of finding, an optimum kvtv ASA dQK 
has proven dune, In healthy dogs Individual variation 
in the nmcHinr of ASA required to inhibit aggregation in 
vim la marked. F.Jiperi mental infestation and 
emboli 73 lirtn with heart worms lead to a pronounced 
increase in the amount of ASA needed So maintain thin 
level of iuihihilirtTi I Boudreaux ct ill. 1991ak 

Dovage recommendation* for platelet inhibilirm vary 
widely., In healthy dog* a dewe til' 0.5 mg/kg BID was 
found clp he snore efFceiive ihan higher dose* fR-uckruj 

ei ai A dose of 10 mg/kg lia* been nconmendod 
to reduce the sequelae of Iwiulwumn iiifestiilirtil and 

ashdtickk ttemuent (Keith el aI. 1983), hi cate 23 

mg/kg thrive weekly has heen found to inhibit platelet 
aggregation wjlhmJt evidence nfiosticily 1 Greene 
EApcHilKirtal Modkx in bom shewed iliac oral ASA 
112 mg/kg)significantly increased bleeding times fords 
tonic* posllreatmenc (Trajilla fit,ail 198 1 Jl A lower do« 

(4 mg/kg) prolonged Uttdidg time* for 4 (huh pcssi 
treatment (Cambridge et ai 1991)- 

1 idupidinc 1 . HclopMne is *nt aruiplacelet drug that is 

UHkrgning extensive Resting fur use in ihc prevention of 
chftunhock" diseases. In humans it has been proven to be 
as effective m ASA in the prevention of stroke. lb& 
mechanism of action uf Lidopidine is unclear. Il is fKis- 
tulated ihm the drug afllccts philekt membranes. potti^ 
bly by inhibiting the formHioa of Fibrinogen netphn 
(Di Minna ec al. 1985), The drug, limits platelet aggre¬ 
gation response in a variety of stimuli- Cyclooxygenase 
is iniL inhibited, H> cndiiilwlujl PCI, levels are not 
■fleeted. Inhibition of aggregation pcndsi* liir the life 
sg^in, nf i he plan* let. Onset of antiplaiclef affect is 
approximately 2-5 days after treatment is initiated, pttt- 
sibly indicating char an i neemnediate breakdown product 
is the agent actually responsible for the clinic-id 
rwpo wc. Experience with liclopidine in veterinary 
medieme is limited, jn healthy animals 62 mg/kg daily 
inhibited platelet aggrcgldOG response*. In heariwoim- 
iufeeied and. heanworm-embnlizcd dog*. higher 
dosages were necessary tBoudreaux et ai. IWIh). 
Tidrtpidine administration wm associulcd witha reduc¬ 
tion of pulmonary fesRm caused by ihe hcarlworms- 

DipyHmidalr Originally marketed as a vasodilator. 
dtpyrilDftdoto has been shown to have a synergistic 
effect with ASA, h inhibits eAMP phusplwdicsterase, 
which leads bo increased CAMP levels In lire platelet, If 
used alone, iu effect on pllficleis is minimal 
< Boudreaux el id, 1991t) r 
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BLOOD GROUPS 

Antigens. Blood cells of each species are grouped 
according, to antigens located on the red blood cell 

(RBCl surface, which determine the mwiikiiitl$3gpc4d 
specificity of the cell* The number of antigens that haw 
been delected varies among species, Akhnugh canine 

blood ha> hcen characterized by at least; 1 3 blond 
prwps (Stormont I982) f 8 arc generally rccdgnkzfid 
arid are designated as DEA (dog erythrocyte antigen) 
1.1,1.2, and 3 thrmigh 8 (Dodds 1985). Of Lhcse, DEA 
1.1, 1.2„ and 7 are the mem mmfia clinically signifi¬ 
cant antigens, The cat has 3 blood grcpijp^ designated 
A, B, and AB . Types A and B are unrelated to human 
blond groups. Bnlh are allelic, with the A allele 
expressing dominance over R. The incidence erf each 
blood Lypc is dUndtfuAl by maiid geographic dif¬ 
ferences berth outside and in the United Staler. Type A 

ii by far the most common, uitih u incidence ranging 
from 99 % in the United Slates to 701 in Austral id 
(Coflier 199 h CNger et flL 1989 ; Auer and Bel I Ml). A 
very haw incidence of type AB ( 0 . 41 ) his- been 
reported! (Auer and Bell 39K1; Giger and Bucholer 
1991; Authemcnl ct aJ. 1987). tn Ihc Umled States, 
only 0.1% uc fewer cats have been Identified as (raving 
type AB blood. Type A is also the ititist cannon in 


purebred eats; appmsimalcly 101 have type B Wood. 
Breeds such as Abyssinians, Persians, Himalayans, and 
Res appear to have a higher incidence of type R (Nor- 
sworthy 1992), Some calteries have exclusively type B 
caiv No Siamese cats have been reptsted to him type 
B. Cats lading both type A and B antigens haw not 
been identified. Ferren thus fur have not proven to have 
demonstrable blood groups thai correspond to human 
or animal typing. 

Large animals have numerous blood, groups. Bovine 
blond has 11 phenogroups in the A system, I CM HI in ihe 
B system, and 100 in the C system. While blood group 
variation in the horse is smaller, at least Ml factors have 
been segregated into 8 genetic systems (Stormont 



hifcanli bodies, Plasma contains isnantihodies whose 
activity is directed Inward antigens on RBCs- from ani¬ 
mals of the same specie*, Naturally occurring isoami- 
hodbes are genetically determined and are present when 

aia .ibi i iih.i I rjlln v-l'v iLs lirwl blond ln.iii--.l Li--.inn. A Inins 

fusion reaction may occur with ihc first transfusion if 
i he recipient pLamui contains asvantibodits directed 
toward the donor RBC antigens. A km severe reaction 
can occur if the donor plasma contains isoantSbodies 
directed toward ihc recipient RBC antigens. However, 
the incidence of clinical ly important MlunJ isuanti- 
hodies is low. and incompatible umigeii'umtbody reae- 
Lions are uncommon with initial Wood tranriustons 
(Stormont 1982; Dodds 1985). Anti-DEA 7 is the niLKCi 
common isoaMibodly in dogs, present in about 501 of 
the canine population. About 451 of the blood tested in 
dogs contains DEA 7 (Cotier 1991). Shwlened survival 
of DEA 7 blood following transfusion into DEA 7-neg¬ 
ative dogi ha* been documented (Cotter 1991).. How¬ 
ever, murine cross-marching procedures generally do 
nul test for this reaction (Cotter 1991}. Cats w ish cither 
A or B lypes have naturally occurring isoantihcMlies. 
but the anta-A antibody is stronger and responsible for 

most of itos incompanWIity mcliau. In Aits- 

triltan ilk? Wood of approximately 351 of type A cais 

contains isnanlibixiies against type B cells, However, 
these antibodies are only weakly agglutinating when 
the liter Is less than I l2 b and thus i runs fusion reactions 
are ab^-ni or mild (Auer and Bell 1981:; Giger and 
Bucheler 1991). Destruction occurs c&traVttGiddriy 
due to IgM and IgG, In conlnisL approximately 70% of 
type B eats have stmmg iMiagglutininh (titers > 1:8) lo 

type A. Thus, eals with type R blood are al a greater 


?»fi 


Copyrighted material 













Chapter 29 f BLOOD AM) BLOW COMfWENTI / flffwfl .If / 5»7 


risk: for serious transfusion reactions I Auer and 

198 U Giger and Budhetef 1991), Cate with type AB 
blood apparcmly do nol have inantibocties to cipher 

type A of B. Destruction of RBCs occm intramuscu¬ 
larly anti is complement- and IgM-mediated (Gigcr and 
Buchclcr 1991). En cows, anli-J are the most important 
isoamilxMlieg. Bovine RBCs do mu agglutinate easily, 

but isohemolysins are important. AmLi-R feoaUibodics 
arc most importanl in sheep, for which hoLh isougglu- 
iinins and 1/jrains exist (Hum and Moore 1990), 

In addition to naturally occurring iso&ndbodl^ 
iidminisinuion of whole donor blood containing anti¬ 
gens foreign to ihc recipient will stimulate formation of 

new isoaniibodies directed apu&t donor KBCs. Anti¬ 
gens DEA I. I and 1.2 (often refened to as type Aj 
(Cotier 1991) are ibe mwl likely canine antigens to 
sensitize a recipient. and cross-matching procedures- 
concert [rale on these antigens (Culler 1.991). Far exam¬ 
ple, adniinistraficm of blood containing DEA IJ tuatL- 


gens to a DEA IJ-negative recipient will result in the 
formation of anti-DEA 1,1 antibodies in the recipient. 
Formation of new antibodies will lake I'd-14 days. 
Approximately 25% of random primary <i.c., first) 


transfusions in dogs cause EWE A I antibody formation 
I Tanglier 1982). As a result, the recipient may develop 
a delayed transfusion Traction to the first transfusion, 
or severe immunological reactions cun develop upon 
subsequent readmiiiiscnitiorii of DEA I blood, The inci¬ 
dence of iransfuNiL'Hn reactions following a random sec¬ 
ond blood transfusion has been estimated to be 15® in 


the dog (Stormont 1982; Dodds 1985). A foreign anti¬ 
gen f §i potential for stimulating antibody production 
varies with end) antigen, DEA l.l and 1,1, which 
together occur in about 60% of the canine population, 

arc ihe most likely to stimulate antibody production in 
canine recipients. TIuk the administration of blood 
from DEA l.l or 1.2 dogs should be avoided, particu¬ 
larly in animals that may require a second transfusion 
at a later dale. DesUuclion of transfused BBC's is accel¬ 


erated when transfused into incompatible animals, In 

cats, mean survival time (lime when one-half of the 

transfused cdU have been removed from the circula¬ 


tion) of autologous (from the sum k animal) washed 

EUBCs is 38 ±2 days. Mean survival time of same-type 
Iransfusions (e.g., type A eat receiving type A) is 30 
days. and! that of differait-lypc Iransfiisiniis is less than 
15 days. If type A blood is tran sfu sed into a type B euC 

the survival time ts less than 2 hewn (Newsworthy 

1992), Repeated transfusion* are characterized by an 

even shorter RBC mean survival time of toss than 5 


days (Marion and Smith 1983a; Turowald 1985). In 

cows, horses, and goats, ihe short survival times char¬ 
acterizing RBCs front seemingly compatible animals 
have been attributed to naturally occurring isoontibcKl- 
ies (Culler 1991 ). 

Cross-matching detects the presence of both natural 
and induced i soantibodies in plasma of either the recip¬ 
ient (major cro^-nuich) or ih donor humor mm- 

match) lAuthenvent ec al. 1987). It does not prevent 
sensitization; rather, it detects what has already 
DdCiirred (Colter 1991). The major cross-match is the 


most important of the two and can be relatively easily 

performed on fresh blood. CrcwA-matehing U pariieu- 

Lniy essential for animals that have received a transfu¬ 
sion within the past 4 days (Dodds 1985; Lees 1985; 
Manual and Smith 1983b; Cotter 1991), Feline typing 

reagents are noL readily available. However, major 
cross-marching may detect incompatible transfusions 
(Center 1991). Cross-matching may be id limited value 
in horses and cows. Shortened RBC survival has been 


documented at days 3 and 4 posUransfilHiun in cross- 
matching compatible animals of both specie* (Hum 
and Moore 1990)- Siwteihdess, major* and minor cross- 
matching is frequently performed for horses (Hunt and 
Moore 1990; Morris 1983). 


The life span of compatible, transfused, monitored 
KBCs should he similar to that of normal KBCs. Trans¬ 
fusion of incompatible cells can result in immediate 
destruction or delayed desirucikMt, depending cm rapid¬ 
ity of antibody production. Decreased survival as early 
as 3-1 days pos[transfusion has been noted for several 
large animal species (Colter 1991); increased destruc¬ 
tion at 2-21 days posllransfusion has been noted lor 
dogs and cals jl'angner 1982; Marion and Smith 
1983a). Prolonged storage of RBCs will also reduce 
survivability (Marion and .Smith 198.3b). 


DONORS, Canine donors should be young, heal Ay, 

and cooperative, with no history of a blood transfusion. 
BIcnmJ collection is easier in shurlhaired, lean animals. 
Dogs should weigh al least 20 kg and cats 4 kg (Pick¬ 
ier and TUmwald 1985 ; Awhcment et al. 1987 ), Cats 

should have a packed cell volume (FCV) of at least 

35% (Bnmeida <rt al, l9Hfi>, Dogs preferably should be 

DEA I - and 7-negative. Greyhounds are often eonsad- 
ered tu be the ideal canine donor choice because their 
incidence of these antigens is low (Authement ci al. 
1987). Female donors should be neutered. Donor ani¬ 
mals should be free of blood-lransmilled infections. 
Dogs should be tested for ehrlichiosis, brucellosis, 
mierofil^mm, hviiwbsirionelk^iv, and hiihma; cats 
should be tested for leukemia, immunodeficiency and 
infectious peritoniiis vims. u>noplasmosis. and hemo- 

hartuficlkfrsis. Splenectomy of donor animals In cause 
recrudescence of blood-borne diseases to enhance 
defection is controversial. Routine care for donor ani¬ 
mate should include voccinations and internal and 


external par^itkide treauneni. -Supplemental care for 

small-animal donors should include adequate dietary 
intake of vitamins (poniculiriy B .. folic add* and pyri- 
tk'ixiito). mineral* (iron), and pfufeirts Of meal origin. 

Records should he kept on doners, parlkularly with 


regard to dale and amount of collections. fPichkf md 
Tumwald 1985; Lees 1985). 

Equine demurs should he negative for A, C. and 
(J RBC antigens (Morris 1983). Male ponies w ith mi 
previous history of blood transfusion are reasonable 
alternative doctors in the event that cross-matching tan- 

are negal i ve 

for clinically importanl: antigens. Bovine donors should 
not be pregnane and should be free of bovine leukosis 
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virus, miphynrHriff, brucellosis. tuberculosis. noneyco 
(Mdhlc bovine virus, diarrhea virus. salmunellosis. Xar- 
CQCfltis hnwfWK and other indigcnnu.* Uood para¬ 
sites (Hunt and Miw I 990)- Donors should not have 
been wciuied for Johtw's dwut, naplflamHU, or 

aduli-agc hruecllchi* i Hunt ;uihJ 1990k 

COLLECTION 

Mattriab 

RfiCGPTACLfiS. TWO types of CMMiittn are available 
fnr Mfcctkw of blood (Authemeot et iL 1987; Nor- 
s worthy I992). Vacuum bottkt arc simple to use 

beeriiiiise the vacuum allows collection from the jugular 
vein in snu.ll animals. However, ihc bottle is penetrated 
during collection, which may alkiw hacLcrial contami¬ 
nation of collected Wood. Other disadvantage* of plass- 
bnllle collection include 1 .1 V inability to separate blood 
components (e.p_. plasma or platelets |e; (21- activation of 
plaLelets and some coagu latum 'lace or: (3) potential fur 
air embolism; and (4) breakage of the bottle. In con¬ 
trast. plastic hags remain sterile, separation of compo¬ 
nents- is easy if units with satellite hags tin which Lhe 

components can be colJecledf are purchased, and ucti- 
VltkH of blood components is nul as likely as with 
glass. Plastic hag>, for single-unit., nuD-aniinak whote- 
hlLWad -collection ivnc ks expensive duo |lua bottles. 

However,. nUKbn is more difficult into- plastic hags 
than into glass bottle* hceau.se (I) sedation may he 
needed in small animals; (2) the time necessary for cW- 

leclum is iLMiger;, (3J cloLlirtp is iiMin likely 1 n occur ill 

the collection tubing: and (4? arterial hemorrhage may 
complicate femoral arterial collection. Material* 
designed for blood collection can be purchased from 
several commercial source* (e.£.. Baiter). PTuducl* 
spec i He ally designed lor collection from small animals 
(including small collection bags! can be purchased 
from Animal Blood Bank, PO Bo\ 621 U Vacaville. 
CA, 95hWi (916478*3009). A vacuum apparatus is 
also available (Animal Blood Bank-. California) I hat 
preclude* the tk:ed to use Arterial sice* for collection 
into plasiie hags in dogs. .Small plastic hags designed 
for col lection of blood from cats can also he purchased; 
however, anticoagulant must be lidded to these bugs. 
Syringes can he used to collect blood from small ani¬ 
mal* or pediatric animals (Pichler and Tumwald 1983; 
Lee* JOTS). Forlurge animal*. 1-3 lltar phstk transfer 
bags are available tor dkvct-lmisfer Iransfus-ton of 
large quantities of whole blood 4Bicker and Ainsworth 
I9#4h Anticoagulant-Hushed extension sets are used 
whe;n harvesting iruiliiple unit* oF blood (Hunt and 
Moore 1990). Blood can also be collected in open- 
mouthed co n tain ed if bags or bottle* arc not available 

(Hum and Moon 1990k 

AhTlCDAClTANTS. Anticoagulants used tor blood 
collection include ACD tadd. citrate, and dextnosek 
CPD k-ilrale. phosphate, and dnttOH}, hquirin, and 
sodium dime (Gherman C( yL I9M; Authcmcnt cl al. 


I9H7; Nors worthy 1992 k Each has it* advaniage* and 
disadvantages. Maintenance of ncurnal RBC physiol¬ 
ogy i.* an important consideration in -selection of the 

most jippropciate utkmgukivt The RBC undergoes 
significant changes in physiology during storage. The 
oxygen-carrying capacity of RBCs will change as 
adenosine tupbwphate i ATP) and 2,3-diphupboglyc- 
ereue (2.3-DPG) content decline. Tlie oxygen disodir 

tkm curve thus shifls u* the left, and delivery of oxygen 
to iissii»c?h by the tnntfiOHd hlntxl is. clecr^is^d. Ftow» 

evuf, 11 ri;\e metLhuliL dHTlfCf ;ire largely reversible,. Lip 

to .5(K£ of depleted 2,.1 -DKj is replaced within 24 
hours of transfusion, although replacement occurs at 
(he exprase of host RBC* (Ubermun el ab 198 |;, Lees 

1983). In addition to pH and related changes, stoned 

RBCs may become spherical and rigid and thus, le>s 
deformable. Once lhe cells are transfused, their 
deslructi-nn by Ihc host is accelerated if Lhey maintain 
their ahnormal shape t Auer ec aL 1982k ACT) (14 
niL/ICX) mL blood) will presene Wood for up to 3 
week.*. However CPD (14 ml 7 Hit) ml. bU>odi will pre¬ 
serve canine RBCs beller and longer (4-b weeks) due 
to enhanced pKttMtku of pH. ATP, and 

RBC.' deformabi I ily (FichkT and Tumwald 1985; Lees 
198 S|i b Feline Uud can be stored in ACD for ai least 
30 days (Marion and Smith 1983b). ACD can be pre¬ 
pared by d-iluLing a mixlure of LB g (3,6 mLl- uf 5051 

dutmt, 1 .bg Mxlauni LiLraCC, and Or 5 g citric iiLid with 

enough distilled water io make 5t) ml.. After tfeiiliz*- 
tiiin hy autoclave, the solution will he sufficient for col¬ 
lection of 45(1 ml_ Wood. ACD is also commercially 
available in prepackaged quantities (Blynco Develop- 
mem Oucipjjjiy, .Sbcrhurn, MN), which on be dis¬ 
solved in sterile water and used to collect I gallon uf 
blood (Hunt and Moore 1990). 

Heparin (2."i<]-625 unili/mL) (Authemenl el aL 1987) 
is limited to collection of small qtianLLllc^ of blood (50 
mLu such .jus. LhuL needed for pediulric ptltenls or cats 

BIlhliJ collected wiih licpurin fan not be stored i Authc- 
ment et al. I9S7) since hcpuuin ccmtauu no presem- 
dves and will be iucthraled Wirhin 24-48 hrtiurs. 

Hffwin also activates plolelets, rendering them non¬ 
functional, on undesirable effect if the host i* deficient 
in platelets. Sodium citrate *11 part JL5 C S solution lo 9 
part* hlmsdl cau al*o be used lor collection of small 
quantilies of btood in dogs and- ca(s )i j* ihe nndeuug,- 
ulant generally used far CoUectiOA of bkxnl ftotn large 
unimuls (Hunt and Moore 1990). Although sodium cil- 
raic contains no preservatives or energy sources. iL is 
rapidly mciaboli/ed and excreted and therefore safe to 
the recipient. Collected Mood cun b* reAtgenlod up to 
35 days prior to use. 

Collect inn Ptoccdiiirt r A tool i>f 2 B -25 mL blond can 

be ooUecttd per kilogram weigln of dDDGT fik»g every 
14-21 days. Lip u> 6 m[. per pound, up to a maximum 
of 50 uni., is recommended for collection from caLs 
(Pichler and Tumwald 1985; Authemenl et al. 1987; 
Nor^worlhy 1992). Up to 20% of a donor'* body 
weight (10-15 inL/kg|i can be oolloctod safely at 2- to 
4-week intervals i Hunt and Moore l!W0l. Thw total can 
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he divided. into multiple withdrawals during Ihe pre¬ 
scribed time period, m long as intervaJs- are at leant 7 
days in dogs and 10 days in cab. The jugular vein is the 
AafeM and iiwust efficient sue of colkction in all fliumaJs. 

hut in the dog and cat, suction or vacuum is. needed 
(Pichler and Tumwald 19851. The placemen! of a sterile 
jugular catheter is iwomniended in large ruminuttics 
(Hunt and Moore 1990), The femoral artery can also be 
used lor plasUc-hag collection in clogs, hut ibis route 
requires moderate sedition and added care to avoid 
hemorrhage,, Cardiac puncture as a means to collect 
Wood is contraindicated except in terminal (cuLhanasia) 
cam or in ferrets (FkUer and Turn wild 1985). 

Regardless off ihe site of Mood collection, a sterile 
preparation is necessary. The puncture must he “clean 1 " 
to avoid activation of ptatete and factors. Blood 
should be gently mixed throughout collection to 
equally disperse ihe jniicnngiiLanr. Collected Mood 
should he labeled and dated prior to refrigeration, arid 
Lhe collection should he recorded in ihe donor’s record. 
The amounl of blond collected can be measured by 
weighing (1 g = I ml.). 


STORAGE AND BLOOD COMPONENTS 
Whole Stood and Pocked Red Bloud tells. Whale 

blood contain* sill blood eonsiilUHItB with the excep¬ 
tion of coagulation proteins. Fresh whole Hood as- 
Whole blood lhal is administered within 6 hour> of col¬ 
lection;. OOdgulirijun proteins remain active until thru 
time. Packed RBCs are col lected from whole blood lhal 
ciiher has und^rgime centrifugation or has been stored 
ai IEP C until red edls have settled by sedimentatnm. 
BLood-ool|eel:io ei wiats with integml Cnuisfer conLaiirers 
shwl4 he used if preparation of RBCs is anticipated. 
The removal of 225-250 mL of plasma from SKI ml. of 
whole hlcwxl will general ly result in residual RBI's 
with a hematocril btiw s eeii 70 and W%. As with whole 
blood, packed RRCs nmist be refrigerated at 1-6" C 
and. when stored properly, will have the same £Apira- 
tiOfl date as whole blood. However, packed cells wiili - | 
hematocrit greater 1han 8M undergo ac cetera Led aging 
during storage and have j decreased mean survival time 
following transfusion. Whole bkaxl or packed RBC\ 
must be maintained (Gherman ec a!, 1981). 

Colleeled whole hlood or packed RBCs should be 
either used with in 24 hou^ or, in the case of ACD- of 
rPD-*jftiieuagiil:iied hhmd, stored at refrigerator tem¬ 
peratures ( I-h' C) for the previously described period, 
Preservtiicsn off RBCs can he enhanced by gen Lie rais¬ 
ing M intervals chnmghnuC the storage period and by 
uniform temperature*. Blood stored m a standard 
refrigerator should he placed as far back on the shel f as 
possible to minimize temperature fluctuatfons. which 
decreaM. 1 KBV life span. Refrigerated KIchxI that is sub- 
sequenlJy warmed to greater Elian IC) a C should be used 
wiiliiu 24 houo (Auer cl at. 1982; Lees 1985; Authe- 
mentctaJ. 1987; Tumwakd 1985). Methods for collec¬ 
tion and preparation of component |sarts liave been 
desenbed by Autbement et al, {1987). 


liusniH. -Storage requirements lor blood component 
parts (c.g., plasma, ciynpredpitate) are different from 
those for whole blood and parked RBCs. Plasma that 
has been separated from RBCs can he prepared and 
stored m several ways. Fresh plasma must he separated 
Incsm RBCs and administered w ithin 6 hours of collec¬ 
tion. Frozen plasma (which contains electrolytes and 
proteins such as albumin and fibrinogen} can be sepa¬ 
rated from whole blood at any time following collcc- 
fcion up to the expiration date of ihe whole blood, How - 
ever. Lhe viability of far tors depends on the rapidity 
wi th which the blood is frozen after collection, as w ell 
as ihe duration of freezing and the storage temperature, 
'["he vitamin K-dependent factors (II, VIL IX. and X) 
remain stable in frozen plasma (Cotter 1991). Fresh 
frozen plasma differs from frozen plasma in that coag¬ 
ulation factors V and VIII remain stable; however, it 
must be frozen within 6 hours alter collection, preler- 
uhly at —4*!J to -8tf : ‘ C. It can be stored at these temper- 
lU urw for t year or in a househo-Jd freezer for 3 months, 
at w hich dine it becomes frozen plasma (Cotter 1991; 
Authernent el all. 1987). Units should he stored indi vid¬ 
ually in boxes. A robber band should be placed around 
the plasma hag so that a crease is lormed during freez¬ 
ing, The rubber hand is removed when Lhe unit is 
frozen. The loss of the crease prior to administration 
indicates ihe unit has been in;uheHciii|y thawed 
(Authement el al. 1987}. 

Plfrictota. Platelets and pJaEdet-rich plasma require 
eentriftigarbil within 6 hours of collection. Platelet 
yield is greatest when centrifopEkm occurs at high 
speeds (1200 G) for a short time (2,5 minutes) at 20 C. 
A lter preparation,, platelets which are not immediately 
used should he continuously rocked Of intermittently 
mixed for tip to 72 hours at mm, temperature. Platelets 
can he scored at lb' C without agitation for 48 hours 
(Aulhcment el ai, 1987). However, refrigerated 
platelets do not maintain (heir function or viability as 
well as those stored at room temperature, Hatelel prwf- 
IlCtfi cannot be stored (.Manon and Smith 198Jb), 

Cryippreeipitater Cryoprecipilate contains concen¬ 
trated sources, of coegulatiori factor VIII. von Wilie- 
brand factor (vW|), fibrinogen, and fihronectm (Colter 
1991 )- It is the white foamy precipitate farmed fol¬ 
lowing centrifugation of partially thawed (slurry Cori- 
sSsteiicy} Ire^h frozen plasma that hu> been frozen for 
6 rnimthf* lkt Its* i Auihempnt at. | 987 j. When frozen 
immediately alter collection in a satellite hag, lhe 
component can be stored for another year at -441 to 
-Sf) a C r 


CLINICAL USE 

lilutKl. Blood transfusion in small animals is hidicated 
in casts of acule hemorrhage or anemia jn which the 
PCV is less item 2t Ka. Packed cells are preferred in the 
normovotemie animal so that the udminiisLration ol 
isoantibodies and other foreign protein can be avoided. 
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Bind for therapy of chmk UKOU& generally is Lim- 
iv^d Lo animal* wU) u PCV L>f less dna 10%, Cnmpn- 

ihnit ftiaipy k nckcvtod for special c®m 

Administration. Bkwd administration requires ij 
sterile preparalion at the *ile BIikmI sh^kl be gemly 
mi\ed prior to idmlnbUralkn. A Mood administration 
set should Ik used to remove elms and Luge panicles. 
Fillers do nut RRUW mkToaggregates that may aceu- ! 
mulate during storage t Marion and Smiill I98;fo), Am 
infusion set with a side-arm leverconnector is available 
for the administration of blcKHj collected in a syringe 
for smalI iimmuLs (Marion and Smith 1W3b). A large- 
jjuuge intravenous eatheCer should be used (2D ga in 
dogit 22 gain cats. 23 ga in pedlMrict). Larger firedlci 
should be used fat administration of packed odb; fore 
ing Wood through small-gjiuge Hdcs retake in rurhu- 
Incc. which rjlw> * beaolysjt of RBCV Whole Mood 
or packed cells may be mixed with normal saline lo 
reduce viscosity iTumwald 1 E )K5)„ CuadministraLion of 
other Fluids should be avoided (AuthemenL cl d. 1987s 
Tumwald 1985), [ 

The site of admin i.stratkm is partially dependent on 
patient size. A large vein is preferred. Lnlrapentuneal 
administration may be used for pedntLncs. Up to 4LKS- 
of administered blood will he absorbed in 24 hours, and 
S2 r £ in 1 mask (TUnrvnkl I'VKfi). although the tile span 
of the RISC' is probably reduced, Intramedullary admin- 
iftratiou is also recommended in pediutne patients. 
Usuallv die femur—bul often the humerus—is the site 

■jr 

of administration.. Absorption is rapid, with 93 fit of 
administered Mood absorbed in 5 flint Ret, Regardless 
of ihc sice of administration, a filler (80 nr 170 [Un) 
should be used tofmm nuKroaggregatet which farm 
in blood during storage. Id llers cu be purchased -is 
pan of a bLood administration sei (siraighl-type 
[4C2IIG1 of YHype [4C2197] hlood recipient rets; 
Etswil Laboratories, Division erfTkivcdoL, Dcerlleld. 
(I.) or separately bui adaptable lo a syringe lor transfu¬ 
sion of smaller volumes 11 fcflKHUte Filter), 

BltMjd can he warmed in a 40* C wtfttr bath up to 

37* C to avuid hy p oftc n nl* and endue antayttamtts in 

the hr■«st uiaud. CoaumcfaDy available bknd-wn- ; 
ing baths and cofti are also available ( V5420, McG*w 1 
t-uhtmitorio,, lne P| Suhana Grande, Puerto Ricok 

The dense of Mood necessary to change tbe PCV can 
be calculated hosed on the patient's body weight and 
the present PCV. Generally, patient PCV and protein do 
nm change until more than 2D mL of Uotiriftg recipi¬ 
ent weight have been transfused. Accurate alcutallODf 
of total bliKKl volumes necessary to achieve a specific 
posttransfusion PCV in the recipient can K- made from 
the following formula, in which 

1 nlL dm* if hints.! = rceipiierii weighi (kg) 

, „ tfakd PCV - reeipiem PCV r 

x 911 ml Ag x -“- 

* PCV of donor 

where 9® ml A;* for dogs (or 7t] mlAg for cats) is Che 
Mood volume Finally the amount of blond necsJed for 


a transfusion can he roughly hut rapidly estimated, 
assuming a donor PCV of 44J £ £\ by the formula 

milliliters donor blood = 1 mL whole blood 

pet pound body weight of recipient 

per 1% change in PCV J bIb J 

(Tumwald 1983). For example, to obtain a PCV of 25*^ 
m a lb dog with a PCV of 15%, OK would lifted lo 

transfuse 30 ^ (25 — U 5). or 300 mL. whole Wood. 

Ratel. Regardless of the amount of blood lo be Lrans- 
fused, baseline vital s-igns should be measured and the 
initial rate of administration should he slow: (1.23 
mLfltg during the MirsC IU-.H> minutes. In large rumi¬ 
nants. particularly in instances, where cross-matching i* 
not feasible, 200 mL can be injected UttiyaOQffy and 
a peril J of in minutes Whwed todipn before admin- 

islering the remaining blood I Hunt and Moore I Pit, 
During, this time, the patient should be monitored for 
volume overload tparticularly if it is a cardiac putienLJ- 
and transfusion reactions. For the remaining period, like 
rule should he U5 nnS Ag/hr, although a rate of 22 
ml Jkg/hr may he used in hypovolemic patients. Fluid 
therapy is also indicated in hypovolemic tincluding 
shock) patients, A rale of 4 mLAg/hr should he used to 
administer blood in cardiac patients ( Tumwald 19^5h 

Hah mu. Plasma therapy may be indicated for putienli 
wlwnse serum albumin is less than 1.5 g/dLi and frc4> 
frozen plasma may he indicated fur patients whose dul¬ 
ling fucturs arc deficient. CtyopttdphltC i.s irtLliLawd 
*« bemppM Ijh. von Willehmod’s disease, and rHhcr 

specific syndixunes. numt and related prwhKte con¬ 
taining foreign proLcinc shun Id be administered can- 
LinusJy.. A tL?i^l di>se of 5-10 nMcf is recommended 
with tudij transFusion, Since plasma contains the major¬ 
ity of Llnncw proteins rinctudirg antibodies), transfusicm 
rc 4 CtiL?iks are not uncommon and, as wiLh whole hlood. 
may occur with the iniLial transfusickn. Thus. iMlminis' 
t rat ion should probably he slower than 2-5 mLAg/hr. 

Transfiaffiimfli RthlEoitt. When lUCtkxu hoc ween 
domr and re cipi ent ceUa/antibodtefl aw moderate bn 

stfvtfre, ihc reaction is considcfed to be a transfusion 
reaction (AuLhemetn eL id. lb>>»7 j. reac fl noi to 

hlood transfusions can he eiLher immunologically w 
ncsnimmunologically fLees 1985; Tumwdd l94iS) mwli- 
a ted. Immunological responses include immediate 
(acute) or delayed (chronic! transfusion nctklL Acute 

tangfouf is due Co an immediate reaction between 

■■ 

donor and recipient antigens and isoiindbinlies. It can 
occur with an initial tnnisfu^ion, bul il i^ mint; likely to 
folfow suhsjscjuent tnmsfus-ioikv Tbe signs of an acute 
reaeiion dm to hemolysis include nausea, vomition, sali- 
vatnc, tachycardia, hypovolemia, prostration, urticaria, 
and lever. The use of DU A I- and 7-negative blood will 
reduce die incideiRC of me trunsfusiun retetkn in 
dogs. Detay&d fnnrfkimi nMcfHW are likely if an 
unecplaincd deenrase in die PCV KCHfl 2-21 days siller 



Chapter 20 i BLOOD AND BLOOD CWfDeWtE / 


w ML / 591 


the traiedusiuii. Tbe*t* usually occur within 7-10 days 
following Itujik fusion and arc more likely with repealed 
IramtiiAigns due Id sensitization of the donor Bo redpknt 
RRC antigens. Jaundice may he present. Crn^-matching 
can hel p reduce the incidence of acute and delayed Erans- 
lusrufi reactions. Reactions can also result Irani while 
blood cell andgxm/anubody reactions-. 

Non immunological adverse reactions to bind Iran*- 

fusion include fever, which indicates bacterial conflam- 

nuu ii7ii of the Nth id: vascular overload, indicated hy 

clinical; signs cdcoughiiig, dyspnea, vomition, and pul- 
iifciin.iry edema.; energy expenditure in ihc very* debili¬ 
tated recipient following massive transfusion of 

energy-depleted blued lie., following prolonged stor¬ 
age); and air embolism if glass htrilles are used (Ijces 
I 'JS5: Mai ion .ieiJ Smith I l| s3hi. CKerdosape of the 
anticoagulant used in Ihc donor blood may also occur 
following massive transfusion, thus impairing the 
recipient's coagulation syslcin. Citrate Lu a icily has 
been reported following transfusions of blood uving 
ACD or CRD, Thi s results- from ihc chelation of recip¬ 
ient calcium hy the anticoagulant in Lhe donor blood 
and is manifested as hypdCilcemdt: tetany. Liver disease 
in lhe recipient may exacerbate this problem (Lees 
1985; Auihcmcni in al. I'987>, 

4UTOTRANSfUSION. Autotrunsfusion invol ves 
toLtecliun of blood and readmimstralion lo the Mime 

patient (Niebauer 1991; Zcnoble and Slone 19TB). 
Blood can be collected from a healthy patient in antic¬ 
ipation of a future need for Wood (within 3 weeks). 
When using this technique, 3-6 collections should be 
made over a 10-14 day period Aulotnin^fusions may 
also be used in patients suffering hemorrhage into a 
body cavity front which tike Mood tan be efficiently 
collected for readinmisiration. Such blood is Immedi¬ 
ately available and. is minimally physiologically 

affected, and! transfusion. reactions Lire avoided. Blond 
collected from body candies requires littering to 
remove elms, anil other materials, No anlicraguhinl is* 

necessary if lhe blood has been i n contact with a peri¬ 
toneal or pleural surface for hunger than 45 minutes. 

Blued can he simultaneously collected and ad.Tn.inLs- 
tered using a butterfly catheter stopcock, in-line ira.nK- 
fuston filler. and syringes (Turnwidd 19851. The major 
disadvantage of this method is stun biogenic amino 

by dt'libriniiliun will not be removed tram the 
Mind and can cause severe reactions. 


BLOOD SUBSTmJTES. Two types of blood substi¬ 
tutes arc currently bring develops! for their ability to 
carry and deliver suhslamial amminis off dffygn to ti s¬ 
sues: free hemoglobin and flwMwarttons* (Lowe 1986; 
Gould el al. 19WS). Free hcmoglubi n solutions arc char¬ 
acterized hy a short half-life (20 minutes-) and oxygen 

saturation lower than blond, ht?ih of which will 
decrease oxygen availability in tissocs. Fhaorocarbon* 
arc chemkaJi which are miscible w ith blood and can 


carry us much m 525 mL of oxygen per 100 mL of 

blood. depending upon oxygen tension. While llie oxy- 
genrcurrying capacity of these compounds is* not ade¬ 
quate for total blood replacement, their low viscosity 
makes them potentially useful in disorders character* 
i/ed by abnormalilies in inicrOcirculalHMl. Ill addin* in. 
the use of these agents. in ikinvusculiar tissue (such Us 
the peritoneal cavity) may help supplement oxygen 
exchange in tissues during respiratory failure. 

Oxyglohm® (Biopure Corporation: www.ox.yglo- 
bin.com) h a howglohin-hased oxygen-carrying fluid 
derived from polymerized bovine hemoglobin. Gxy- 
globin has m average mntoeul ar max* of LKO kDa. with 
5G9b of the hemoglobin polymers between 65 and 130 
kDa. As sudi, it has colloidal properties similar Id dex- 
Iran 70 and hela starch. However, because it is a poly¬ 
merized hemoglobin, lhe molecules are much Izirger 
than those of hemoglobin, and the compound is not 
likely to be filtered by the kidney (thus, avoiding renal 
side effects of heiiKiglobiriuria h 

Oxyglobin® increases plasma and Lutul hemoglobin 
concentration and Lhus increases arterial oxygen coti- 
leni. Because i t is a free solution (rather than iit RBCs), 
antibody formation generally associated with udmlftift- 
(ration of intact FtBCs is avoided. However, anligcnic¬ 
ily to bovine hemoglobin may result in antibodies, and 

caution is recommended with repeat administtution Hi 
or more days apart. Repeated administration of the 
product apparently has not been studied. Benkbe il is 
a foreign protein, Luiaphy lactic reactions are - possible. 

Gxygkibin® is eliminated similarly to hemoglobin 
by retiailoenclodidial cells. Its elimination half-life in 
dugs is estimated to range between 30 and 40 hours. As 
such. 905 of Lhe drug will be gone within 5-7 days* al ter 
infusion. As a protein, the compound provides OKI5tk 
pressure (draw), and its use in patients already suffering 
from volume overload (e.g,. congestive heart failure) or 

accidental overdose (> 10 mUcg/hr) can be assocuBted 
wiih circulatory overload and its nepthre sequelae (c-g.. 
pulmonary edema, pleural effusion, increased central 
venous pressure, dyspnea, or coughing). 

OxygkibiiL® will mildly decrease PCV immediately 
postmfusiOd ind will increase lolal ami plasma hemo¬ 
globin conceniraJlion for al le:i,vi 24 lumrs, PCV and 
RRC count* will not he accurate measures of anemia for 
24 hours faltowing admini^rulion. Adequate hydration 
is important, hut overhydrution shimld he avoided 
because of the plusma-expandiiiig properties of Oxyglo- 
han Administration of other colDnidal solutions, should 
be avoided. The ntosl likely side effect is dreulafory 
volume overload. Central venous pressure iC'VPl or 
dindcal signs indicative of rimfacnry overload should 
be monitored during and immediately follow mg jdmi n- 

btratkin of Oxyglufein. 

Transient chains or side effects reported by Bio- 

pure Corporation following adminisiraiion of Osyglo- 
hin® include yellow-orange diseoloraiion of the skin, 
Klera, and gums: red-dark green diseoloraiion of 
feCCt; brown-bJitk diiscotofation of urine; vomiLmg; 
dianhea: and decreased skin elasticity u. ithin 4H hi hum 
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of dosing. The frccjjiKaicy and/or intensity of these clin¬ 
ical signs were dose dependent. The product is 

intended for one-time use only at a recommended 
tlnsage ofOuyglobinM dose of SCI 1 mL/kg IVala rate of 
op to 10 mL/kg/hr. 

Cooditiom studied in controlled canine clinical trials 

included inimnne-ineduited hemolysis in = 30 ), blood 

loss (gjislrointcstinal, traumatic, supwL mdcnticidc 
intDKicationi) in = 23), and ineffiKtive erythroptwesis 

(idiopathic, RRC aplasia, ehrlichiosis) (n = S)}. Relative 

to pretoeatment, plasma Iwmoglobin nncanration s4g- 

nifkandy inK.Tca.sed ip = 0.001)„ and clinical signs asso¬ 
ciated with anemia (IcIhafjsyi'dcprcKsUin, exercise intol¬ 
erance. and increused heart rate) significantly improved 
0 j = 0,001 1 following treatment with O^yglohtn*. Treat¬ 
ment success was defined sis the kick of need for addi- 

uonal oxygen naming Mippurt (Uv, Wood imuisfusioo) 
for 24 hours Iblk&wing die completion of infusion with 
OxygloWo*. Success in Lhe ireatmenl group was 95 r #, 
compared with in untreated control dng>. 

Oxygfonbin^ may he warmed lo 31 u C poof ID adnn in- 
iltrstion- It cannot he frozen hut is slable for 24 months. 
Et is approved for use in dngs hut apparently has been 
siudiod in and is safe in cats. The price wall he about 
S^CMkg, although animaK may ncH need the full 30 
mlJkg; according to the manufacturer, 10 mUkg may 
he sitffieicni in some ease*. Oxyglobin has been used in 
a numher of other species, with no apparent adverse 
etfecls. Care should be taken to use or dispose of any 
opened product within 4-5 day*, The foi l wrap in which 
Ltie product is enclosed is art oxygen bamef. Exposure 

lo oxygen following reinovid of the wrap will result in 

melhemnglohin fcumatkin of the hemoglobin, which 

can be detected by bnwn discoloration of the solution. 

BONE MARROW TRANSFI ANTATION. 

Ailhcm^gh llm LechniLjue is not yet clinically practical,, 
it has proven successful and may provide an iivcnue of 
therapy for coaes of aplastic anemia of pancytopenia, in 
future (Harris and Beck 1986).. TriinspJantuEion 
requires matching of dotlOf and recipient major hisfo- 
cumpalihility gene complex. The recipient must he 
“conditioned'' to receive the graft by total body iitiuJi- 
atiim so that Bhe tendency to reject the graft is 
decreased. Bone inajirow is collected from the donor by 
multiple bone marrow aspirations from long bunev 
using hepitfiin as (he anticoagulant. Dimethyl sulfoxide 
is used as the preservative. The marrow is then trans¬ 
fused intravenously, The cell numbers ncedcdi for a suc¬ 
cessful craraplaniatRifi depend on the degree of dnnor- 
reeipiem gene matching. Complications Include 
host-versus-gralt rejection (the bust rejects the trans¬ 
plant) and p.raft-versus-ho>l rejection,. in which the 
graft ss so successful that it rejects (and kills) the host. 
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SECTION I_ 

Endocrine Pharmacology 



HYPOTHALAMIC AND PITUITARY HORMONES 

DUNCAN C, FERGUSON AND MAKGARETHK KOENIG 


ANTERIOR PITUITARY AND ASSOCIATED 
REC S HI VKFRY HORM < INKS 
Cnttcolnafllli Iind Related PcplMes 
CoftkolropIn-RrieAriJif! I Lurmum 1 
A d ire Efc uMi rl 31 crit n i |p i eI 

ffiaj-nnrtic Uses of I’RH and ACTH 
Cilvc-upmli'in Hormones and Associated 
Kdca.vin^ llnrmnnes 
I hymlrupin-Kiltuiiin^ Hormone 
Thyrotropin 

Siirruiiaiiuiiliiiki il mpi its and RegUlillOn 

Hormoaes 

(rnmth Hiiriiirpne-Kel^in^ Hormone 
S-iaiimi i isIjii i ci it-rttwifi Hormone 

Rdva.M'-InhLhitiiiji Hormone i 

Somatotropin Ifihmtli HnnnnnO 
Prolactin 

POSTERIOR PITUITARY HORMONES 
AntUhirrlk Hormone 
Structure 

Stimuli Far 

MLilijnisrn of Action 

Alhsorptirus. Meta ho Lis nu stud Excretion 

PftfinlkHB 


IIiugnosfR; Uk 
T herapeutic Uses 
Toxicity 

Other I h ups far Treatment uf Central 
Ilisihetes Insipidus 
Treatment of Nephrogenic DfatMcs 
Insipidus 

Oxytocin 


TIk hypotisisliMnujt and pituitary control fhc Function t>f 

the chyruid, adrenal glands, and gonads, Neurons and 
endocrine gland tells slims the ctwiwteristic*. of being 

able to secrete chemical mediaim and being eleccri* 
cally excitable. Chemical messenger* can be secreted 

as a ncu.rcrtTanHm.incr cir as a hormone. The neuruen- 
docfine systems consist ol dusters ui peptide- and 
IlMQfriiiiti ne - set re G i n g cells in die anterior and middle 
portions of the ventral hypothalamus. Tlitrir fibers proj 
set via nerve fibers m terminal* in the inner layer of 

the median eminence. The capillary plexus of the 
median emi nenee is proximate 1o the nerve terminals 
of the hypophysiotropae neurons which make 
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eorticuilrLFpin-rctaihing hurmone (CRH), Ehyroifopiii- 
rtleasing hormone (TRHl, gonadotropic hormone- 
relcaringi hormone (GnRHk, and growth horwme- 
releasing hormone fGHRH). The cimcentTatLons of (he 
i ■.■ lr:: 111and inliibicuf} 1 hutnEiunes in iIk median emi¬ 
nence are I CM Ot* dim as great as i n other parts of (he 

hypiUlULlainns because (ht bonnHH are stored in (he 
nerve terminals (Rijnberk 1996), The process of neu- 
oisecrcLkin is characteristic of (lie hypoihalimic fludd, 

which release releasing hormones intu the portal 

hypophysial vessels, which mediate the revise uf (Ite 
anterior pituitary hurtnu&es such as gjwth In.arm.ate 
(GHl. prolactin (PRLk thyruLrupin (TSH), fullide- 
slimululing hormone (FSH) P luteinizing hormone I LI I k 
and the proopiomelanocortin i POM C J - de n v ed pep¬ 
tides adrenocorticotropic hormone (ACTHX P 
lipotropin (p LPH). ft mc-Laaolriopin (ft MSH). and (he 
LspHHd P endorphin 41 END) r For each of the anterior 
lobe hormone lyUwii (ACTH, I.H, F5H, TSH, GH, 
and! PRLl there is a c lowsd-Lnop feedback system. Ante¬ 


rior lobe hormone and hypnphy&intrnpic hormone 
rfcrctions- are supprcsAcd hy hormonal products of the 
respective- end-organs, such as thyroid, gonadal, .and 
adrenal glands. Some hormones. like URL. regulate 
their own secretion by inhibition \ia short-loop feed¬ 
back on the hypothalamus. Tht: MfUACrtfOfKS iKXuunt 

hir 50% of more of the anterior pituitary lobe cells, 

while other types of anterior lobe cells accvum for 

between 5 ajul 1 S% of Lhe gland iRijriberk 1996 ). Table 

30.1 outlines the location of neuroendocrine 5 -ubslances 
rn the nervous system and endocrine organs. Tables 
30.2-30.4 show (he key featurev of the slructure and 
function of (he hypothalamic regulatory and pituitary 
hormones. Many of these peptides find their clinical 
use as agents used fur diagnostic tests of pituitary or 
endocrine end-organ function, "therefore, the related 
hypothalamic ami anterior pUukflfy hMIHfKS will be 
dlKHHd concomitantly. 

The supraoptic (SO) nuclei and periventricular (PV) 
neurons of the hypothalamus terminate tn the posterior 


TABLE 30.1—locilioa of hypolhilanur and pituitary peptides 


Subsionce 

Nwmvnimhter 

ia mw endings-* 

Hormw 

■eentad by neuron'; 

fi|<irmiiiK 

mh: cut Lid by 
caducriK cdh 

GnftH 

+ 

+ 

■^B ■ ■ ■ ■ ■ BB^HB BB ■ ■ IB BBBB MBB BB BB ■ BB ■ BB 

4 

TRH 

4 
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CRH 

+ 

+ 

+ 

GHRH 

+ 

+ 

+ 

wUHlhakKiliiUrt 


+■ 

4 1 

POMC' dferuvuLivcs 
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+ 

TSH 
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+ 

FSH 
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4 

1 H 
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+ 

til 1 
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+ 

PUL- 
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+ 

Orytocb 
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+ 

Vuoprcui»' AnHj 

+ 

+ 

+ 




TABLE JCkl—HypulIuJamk regulatory boruorm 


Hirfmoite 

Action 

Stnicbm 

Precursor 

Tnrpci 49fff;in 

■■■ -■ ■■ ■ wm ■ - 

TRH 

EkmuTSH* PRL 

BbcW (nptpudc 

394Di nanor 

PnuiUiry (h>Tolr£ipli 



Iptrlu Hl^ Prfl KIIJ 

uwwLiLiLin^ fivir 




■ 

copies tifTRir 


OdtH 

Elmm LH, FSH 

H-kii:lLud dtfc.ii pc pi 3 Jc 

Amirhii umurtin i?l 

l 3 iEu.iLary jji.HlaiiiSliri.hplh 



ipGIu ... Gly NHj 

C J0-amino -jc id 
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SuniarluhLihiSi 

Duuim GH 

14-iraiJu-nd pepide 

C'arbo^y-lemnnu^ 

PHuhny lOMAtfik 



with diMilfidif htmd 

of m-jmirKs acid 




bf cw-etn mktaM 

3 Hd 14 

prcciwuir 


CRH 

Ekvttet ACTH 

41-LiniiiiLi-iieid peptide 

Carboxy-unui of 

IhEaitory eorticolropOi 



with amidAled 

1 W-jminri- jliJ 




-LartHiiy -IcriniiUh 

pneunor 

FiEaicury Hmui^ropfi 

GHRH 

Dentes GH 

44-umivui- uirid peptide 

Rtnjiw J2-73 truiai'i 



with unihiiled 

a iOtunHrid 



LuihciTiy lenmnuK 

pVUCUJViK- 


DiTpaminc 

DKHW SUL. 

Cuwehol 


Pit^itiirv* IftWuph 

bhmb GHRH 



wtnuirtruph. 


tf GH, duHHi 

CRHI or ACTH 
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TAR11 M3—AsttfW pituitary hnrmMMS 


IIoutksul 1 

Mokcutar ^eighl 

Amino iKid'i 

Oihcr 

ACTH-LPH 

ACTH 

4.500 

» 

i 

BUH 

1 ] .200 

4 a 

Denied bon E^JMC" 

b FN r D 

4JOOO 

31 j 


OlKWO^ftt 

LH 

39.000 

ti ftubynil ^ 

St 

p ubtail 

SIS 

atutaanis iirx 1 - Hlentkiil wiitim a 
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ipnlicijjf 

FSH 

3yj(M0 

a Tutaiui. 

s# 
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TSH 

lx JtKHJ 

a -lubuiiLi. 

92-96 
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Sonw Athptod from TVrrll et al. 1994.14 


TABLE MA — Hormones of Iht hypothalamus iJiid the pituitary giajati 


P lonmi 


Site of Ai'iiun 

ClLirpi'E tie^an | 


fticiinjnc Activity 


HynUnii 

{ii'ii'iil.'l.-i ii ii - i.'k .!-■ ii i: - hiimkHn: 
Hivnaifopin-ff leasing hormone 

C’orlunfcniipspj-R'S^iisi-ng hcimKHie 
k ^na£<Ltnrpiri-it'lL~asjr1g burmunc 
Somatotropin inhibitory hiimKMK 

Pnaliclin-tnliibitufy hormone 

PmlKLin-nrlifUAin^ htwinniHf 

Adcntnwpltyn 

Pars diMuJhSh IhiJiLcitos MxM 

StHTMktfmpin ■jjjrcwlli herrravnfj 


A d r l 0 lx: n rt i l l i [mtjvi l - 

hcHrmone- (ACTII, curt uirinv^wn’i 

TTiy^id-shrniilfliinp hi->rm<nnr 
fTSH; [hymcrupni} 

PnlidiB (lAdofoic iHmuu) 
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Mbcle-^imylaling hormone <FSHi 


InLfrMhliid ■.'cU -KLimulutiTi;, nr 
finriifcrkigt hHTHnt (1 -H) 


Pan itaomdli 

Intermedin i mi! Sara Xr'yll'- 
tfiltiulalntg hisriB'iurteri 

Neuruhypophysih 

AniUliurcde hormone ^itaoprcssinj 

Ii Ssytci^ir 


Anlmnr pfDrftVY i AP) 

AP 

AF 

AP 

AP 

AP 

AP 




mm 


Adrenal cortex 


Thyroid 


Mjnurury gl-aikJ 

Owj 

Icslu MjnLinilernifcs lubtilus 


C hn 


Tt!»lih LjfyJLp cc Ilk. 


Melanoptawe cells of 

amphihta and rupLiSkis 


Renal whales 
CiflxUl mnvululrtlj 

Mammary mvocfitihcliunai 
Uterine myometrium 


l.H am! I-SII 

T5H 

Releuv ACTH 

Kuhiawj vimaktfmpin 
[hhihii aniLHcim^Hn owpui 

tnhibii prolactin output 

pTolaLlm 


Bodj growth (baac* mack,aHi) t pratn 

v> nlhcsis. LiirtHihydralif nkrlLihuliKni, 
RpUoofif ml functions f glomerular 
filtraticni me) ami water mula holism; 

31k rea:>t:;■« tell piTmtabdily lu anumt ucnlv; 

(Mr lacwki 

Mainlenani.Tr of Mnitfuriil inlegnLy nl adreMl 
eortHn rtfulain.il! of ihncwikekl 

seCicLiun by /xrfia taMrieulula 

Maintenance of normal fracture and funahm 

uf itiL* LhyruHi gland; pniduchun iif 

tannin mm3 analogs 

l/ii--. h|\ hiH.!n> lurialusn 


[■nm-Chi and rniitiHaliiin of ovarinn follicle*: 
gcnn-Ldl | n;i hJ ul 11 lm i (spemiatugcricsiNl 

Synergidkall} with FSH a— utmfm 

■’hJLJiI lL-lh, tolllu le OLMlhjOilMm. uiid 

uviLlaiHMT. cxwpus lirieum development in 

un spLvies 

Stimuliliuwi of laterililui timw* ajidmgen 
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Mdauplim-rapafidkif activity wiUi 
resylijwK miiirtcuance of dun color 
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piCu ilnifl-y lobe and HCCW viivopre^sln (jintidiuretiv hor¬ 
mone: ADH) ami ocytocin into the drcuMn. 


ANTERIOR PITUITARY HORMONES 
AND ASSOCIATED REGULATORY 

HORMONES 


The anterior pituitary hormones can he classified into 
thre^i general ciUiJOllriB: ACTH-LPH, glycoproteins 
(l.H, FS H, and T5H). and somatnmjmTnuimpins l(IH. 

PftL) (» 1 Me 30 ^) r 

l 

L^lKTILWHOHN AND RELATED PEPTIDES 


Gartjbffllrapin-Rdtasiiig Hochidh 4CR1I). CRH- 
secreting neunros are found in iHhs anterior pan of liw 
ptraventirfcvlar nuclei, and flnr nerve endings tenu- 
nate in £\icniat layers of [he median eminence. CRH m 
syjithesir-ed as part of a 196-amino-acid pmhnrmcme 

and undergoes enzymatic modi fLcuiiLii) so an amklaittl 
41-uninoackl pcpfiilc ihitl is identical in humane 
dogs. rats, and hoiriet (Mo) l- 1 al. 1994: Rijrbert 1996)., J 
CRH Mi mu lines synthesis. and wseretinn oF ACTH i.c.. \ 
POMC. by pituitary coftKOHDphi. CRH has receptors 
in berth the cytoplasm (matrix and wnlQCy granules! j 
and the nucleus of c wti CT tro p t l, hut its mechanism of , 
action al the plasma membrane nr nucleus nrmam-s to 
be established. CRII appears Co eierl it* ACTH -r-e leas« * 
trig activity through both the adenylate cyclase -and cal* i 
duni-calmodulin signal transduelion systems i Klunoff 
and Kmn 1992^ IVffll fl iL 1994). 


Ad rtnocorlkolrtpin 

Bros y n [KESis. Adteflocnticolnfii d i ACTH) is a ] 

Mninn jdd irtrptidv hormone i molecular weight a i 
4500) that is one of several products from the metahn- 
liuc of (he 267-amtno-aeid precursor molecule POMC : 
I. Fig. 3tU ; mnlceuLax weight =2K,5(K3; Kipnhcri 1996" 
p. 63. Fig. 4-5). Between species there h significant 
sequence homology in the ACTH amino acid structure. \ 
Canine ACTH differs by only one C-tenvriMl amino | 
add from ACTH of other specie*- (Mid el -ill. 1991 j. The 
other fragments of POMC with biological activity 
include |J-lipoLrupin <|i-LPHk ^melanocyte-stimulai* 
mg bonuiH (o-MSH), ^MSH, and lhe opioid p- 
endorphin, as wdl ai Lhe N-ttmiul fragment (see 
Rijnberk 1996: p. 63, Fig. 4-5). ACTH is metabolized 
to ACTH, 81 . which is identical to o MSH, and to corti- 


cufllrupindiJsv interniediaLc-lobc peptide (CLIP), which 
represent ACTH p . y . These fragments are observed in 
sixties with developed intermediate lobes, such U lhe 
rat and horse, lls well as fish, reptiles, ash! amphibians 
Beta LFH is secreted in equimolar MDOUtll to ACTH. 


The 91 amino acids of p LPH include lhe ammo arid 
structure for |i MSB (4J~5^ j LPH <I-58> + and p 


endorphin (GI—9l) r The first (N-terminali) 23 amino 
acids of ACTH. which are identical in humans, rank 1 . 


pigs, and sheep, produce all of its biological effects 

(Kknoff and Kmm 1992; Tyrell H al- 1994), Tfcit.- 
sequence of the remaining am inn acids varies among 
species (Chastain and CpiLniam L9fUik MS HI causes pig- 
merit granules in melanocytes tn disperse so ihui skin 

will darken- Alllhiugh geikvtie fjueiors associated with 
skin color are more important in the higher vertebrates, 

MSH may cause transiently incrased pigiwnr ^ynihe- 

sis in mammals, 

STRUCTURE. ACTH is a peptide Char contains 39 
amino acids in a Mrjighi-chain molecule in sheep, pigs, 
cows, and humans The first 24 ;iftd last 7 amino acids 

are itkiiiku] iuhJ there iirir minor difference* in amino 

ltidf 25 through 32 (m Fig. 30-2). The ainiih .1 acid 
sequence of canine (i-EN[> diRcn from the human 
sequence by 4 amino acids (Young and Kemppamen 
1994). The diMnhution of nmleeufiir (onus of P-BN[> 
in the canine intermediate lohc and anicriof pituRwy 

nurfC eliMly resembles the disirihuiion in raLs Ihau ilui 
in other species such as sheep or horses, in which 
acctylitsd and shortened forms exist in subshiori^il 
ammuits. In all species sindied to dale. ACTH and 

rclaLcd peptides are syndiebL^d and cleaved fruru the 
common pnenvut molecule POMC. Posttranslatsonjil 
processing oF POMC: ditters in lhe p^urs dist^lis and 
pars intermedia of Lhe piluLtary gland. In the pars dis¬ 
tal ii. POMC is prtttessed to form ACTH, [3-LPH, some 
y LPH. and p enduq^hin. In Lhe pars intmi*edia. hi*w * 

ever. POMC is processed to ACTH and LPH; ACTH 
is ihen further pressed to a MSH CLIP, and p- 
LF B EI is. further prLK-esse-d lti p-MSH. |i-END. and p- 
EMD metahi-lites As ? Rflllk ACTH and ( 3-1 .PH are 
Intermediate* to n. MSH and Lhe trpiaic p-END. The 
pattern of POMC -derived peptide secretion, from lhe 
pars imermedia hu.% kvn ehameleri/ed in. rat.^, horses, 
pjgsj, sheep, dogs, and cats. The plasma POMC peptide 
ecmcenlrati«ns found in cats is similar to that in ra. 1 ^ hnl 
is markedly different from that In dogs, in which lhe 
mMtio n of POMC ptptidH in the pun intcmieultu is 
nomuilly low tPetersim i-L aJ. 1 . 994 b). T!k" rele of N- 
POMCI -48 is now known lo pmuoie idieiKHntlcil 

cdl replication. 

RhJTnL it ..yTION OF : SitRFlTION'. Bdi LPH and P EiND 
ant ttfcrdcd in a pattern similar lo ACTH. increasing in 
ntpooK lo stress and paralleling ACfH in a variety of 
disease conditions. Ilie regulation of ACTH rs most 
directly intluenced by the hypothalamic honnuflie 
CRH. which stimulate* ACTH in ;l putatUe hskiODr 
AngiuLnc-va.stsprcs.*in t ADII) is also a potent Stimuli 
for ACTH Kffltkn (v*n wp et al, 1994), The pul- 
utility of ACTH rckuse app^nni to occur in mtwt 
sfiecics. Although a diurnal variation of cortisol ns 
postulated by older studies, mure recent studies with 
sampling at 30-minute mlervulv for 48 howl have not 
o on Bi med a diurnal viriatiwi in AiTH in dogs or eaIs 
(Peterson et iL 1994c). 

Four incchimisms thaL regulate ACTH secretion havL- 
bet'Pi i^kmified; (I) episodic secretion -and pt^ihle 
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FIG. 30.1 — -ftehuaifcdhlfM peptide* derived from priKifwMntljrwscortin (POMC) Following sy tribes K in ilie anterior Of ifKiT- 
rnednite lube id titer pfluilarv, KJMC is cleave ti in limn julnsn^Kctfii^ippin I ACTH) Hid |5 llpobvpiti <p LPH). ACTH fa fur- 
i]nfr degraded, purticvluriv in chc intnuiediiite tribe, to u-melunoi.yle slimulDting factor fa MS and ctMUCuirtifhii-liLc infer* 
medi are-lobe peptide (CLIP). p-LPH fa cleaved ti» produce yl-fTI arid die unduyirnuus opiate |1 endorphin ifi END), yLPH is 
L'kaved ID produce & MSH, BUhI jj END is ruillicf pi messed Ei? produce uuiuLlkrr upicwd, Ml'E enkephalin i; VI i'!:-■ r .nl. f. 
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FIG W.Z-—Amino Kid sequence of humun. pig* cattle, And strap ACTH, Amino acids 1—13 arc abn present m a MSH . 
Kate urns of specie* homology in shaded Imul (leprbed from KlonodT and kanam 1992: Rk. 3ft2.) 


diurnal variation. mediated by ihe central nervous ays- 

com (CN5) ;ind hypothalamus: (2) response to sutsa 
(eats are much more sensitive than dflgg), p!s*i CNS and 

hypothalamus mediated: (3) feedback inhibition by 
cortisol at hoLb die hypothaiaitiuh and pituitary; and (4) 
immunologicLfil faetisrs, (IL-L [L-fr, tumor nccFsisis fac- 
tuf. etc.) which ecu jl the hN-puLlmtaiuus lu Increw 
CRH (lijiiherlt IWi). 

FaciIitatory and inhibitory pathways, invoUing 

GA BAergic choUnergit, adrenergic, dapumlneup^ 

and scn.iloninergic systems, are all knolved in hypo¬ 
thalamic regulation of ACTH and there fore cortisol 
secretion. Drugs manipuldting these systems have tx'cri 
used to phuumairoIttgLcaJIy manage pitujtaiy-dependent 
h y pemdrcm.K'onici s rn in the dog: anti horse. ErgnU alka- 
loid-s (dopamine agoniesi> and sfltudrtiii anlaigonisls 
(cyphfptadilK) hawe hten utilised i» mumpublc 


ACTH release without, much clinical success, The 
monoamine oxidase Id inhibitor i.-clepreny I is currently 
under study in pituitar>-dependent Cushing's disease 
due Co its ability hi decrease the degradation of 
dopamine* which ha^ been pustulated to be depleted in 
Canine pituitary dependent bypcradrcnocoiticism 
{Cu.shint's diseiJM?} (KlnnoT and Kanun 19921. 

Many factors stimulate ACTH: pain trauma, 
hypoxia, hypoglycemia* surgery, cold, pyrogens, and 
AD HI. CRH is often used to release ACTH frotn I lie 


pars distal is, and the dlnig haLoperidol can he used to 
stimulate pars intermedia secretion, with par* distal is 
effects being removed by desamcLhasnne. In cultured 
canine anterior pituitary cells, ii appears Ehai CRH 
stimulates ACTH section, but argiltidie- vasopressin, 
osytociTii, and anpirtensin IE do wit (Kcmppiiiiwn ei uL 

1992). 
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N^atvvc-F^edback Systems, ExotEwo coni- 

cosLeroi ds suppress the ACTH response to siren, Neg- 
alive feedback nf cortisol occurs via froth the hyjxrthal- 
amis and pituitary. Feedhaek occurs in three way*;: 

1 . has® iccdfru.dk ii sensitive to the rate of change in 
cortisol and prohahiy occurs via a nonnuclear reccpLor,, 

2 . Slow feedback is sensitive to the curtisul concen¬ 
tration in plasma. This feedback loop is tested fry the 
low-dm ikxiunetliusniie suppression test . 

3. Sbn^lwp fwdb t c k fry ACTH occurs on ihe 

release of CRH by neurons in the hypothalamus and 

cHttootrope fwep ten in ihe eonieoiropic cells, of ihe 

■nm.LTM.ir pituitary. The feedback ii mediated through 
a type I ininerulucortico-id-preferring receptor (MRI 
?t]iU a type II glucocofllinid-fMcfefiiD^ receptor 
(OR). The highest levels of CR in ihe dog bruin are 
found in the Kptohippocfliiipil anfla and ihe Ante¬ 
rior lobe af the pituitary tjReul cl aL. 1990; Keller- 
Wood l WO; K loTiotl and Karam 1W; Tyrell ct aL. 

1994). 

FUNCTION. ACTH stimulates the secret™ of gluto- 
twlicoidv. mLneralucurticoids, and adrenal aiuirogens 
fry increasing Lhc activity of cholesterol, desmulase. the 
enzyme that h rate limiting fur vlerwd production and 
converts cholesterol lo pregnenolone. ACT) I -also stim¬ 
ulates- ftfrna] hypertrophy and kypetphiiL Stemda 
art not Mured in the adrenal cortex but -.ire immediately 

released ujxui sliilluluLion of the iwia fuscictl lava. 

ACTH caatss growth of both die Aon* fucknlm and 

gkifncrulosiL lhe Uoldgial activity is conveyed fry lhe 
amino terminal end of the molecule. ACTH stimulates 
idtCHCfftkll growth and Blcroidopoetii fry increas¬ 
ing cdliiktr cAMP fiyrell «t si, i994), 

] .PH inihkces Lipiplysis in udip^ieytcs of hh species, 
but its function. other than serving as a precursor pep¬ 
tide for the endogenous upiale p END k is unknown for 
mu si species (Kldtuff and Kurum IW 2 ; KUBt and! 

Murad IWOV 

IHagnrallc Uses of CRH uni ACTH. The most 
Lmj»cttil upplieuiCMHi% of CRH and ACTH ;ue ns diag¬ 
nostic agent* |o vest adrennemticotnuph and adrenal 
functional reserve. 

CRH StiML.NATION Test. The CRH stimulation Use 
is used mainly as a research IchjI to pituitary 

ACTH secretory capacity. In animals administered 
exogenous glucocorticoids, the ACTH and cortisol 
response lo CRH is diminislled. In di*gs C*t*i wi* 
CRH is administered ffi I |j$/kg fatfiwnoiuly and 
plasma i^ ctnpkd for ACTH mctmumM at 0 and 1X5 
hour* for peak effect (*ce Table 303). Other sampling 
times have been employed in research reports (Cnger 
cl aJ. 1 W*4; Moore and Koenig I993i Pfcterson et aL 
L W4b,cL -Studies of normal dogs and dogs with pitu¬ 
itary-dependent hypcradrenuourtiasin have shown thaL 
ACTH secretion is less sensitive Lo CRH thun it is lo 
lysine vasopressin (LVP). It wav alsn found that 
adrenocortical turnon develop an aberrant sensitivity lo 


TABLE 30,5—Itaftp protocol for CRH 
sfirni j Lhiion ti'sl 


PuptflLkl 

Hence 

und eaule 


CNfl 

Ovine CR N i IV) 

NA 

1 

I 

Sampling times (hr) 

NA 

0,1LS 

a 05 


Snnn; Crucr el il. IW; Mmn? ud Hocnij] 1992; 
hfenn Etil IKMImt; Peninwiln LrtnnlniH, 

N^ice: NA = no* available. 

■ 

■ 

I 

LVF; with adrenal tissue appearing lo direelly respond 

j to LVP (van Wijlc ct at. 1994), 

■ 

■ 

PR.ELPA RATION 3 OY ACTH. Synthetic human 
; AtTH, , h is called cosy n tropin. Rcposiiol ACTH gel 
j from animal (jHHEiK) HUIttt il U longer available 
| CMUUfdlUy. However, when comparing dosage prulih- 
? cols* I unit of porcine ACTH is approximately equal Lo 
ICS 1 |ig of awynErupin. SyntheLic ACTH is well absorbed 
by Lhe inlminuKculurtlMli mute, The biological half-life 
of all forms of ACTH is I <>—20 minutes, and the effect 

on ihe adrenal cortex lists for 12-48 hours. 

ACTH Stimulation Telst. The main use of acth 

■ is (hr the differential diagnosis of adrenocortical hyper 
| piasia from adrenocortical! neoplasia (primary) in dogs, 

1 cals, and horses tsee Table and for the definitive 

diagnosis of primary adrenal hypofunction. ACTH is 
well absorbed following 1M injection. Following injK^- 
tirm oi" aque<ms ryrthdic ACTH, plasma cortisol con- 
eentratkHLs peak aL 30-90 minutes, largely because of 
the hhnEl hatt-Lite lit' ALTH. 11hnefr?nz, Bte saiUphng 
^ (HtHoCoh with aqueous ACTH in dogs and cuLs recom¬ 
mend anpHig dim at 1 hour after admiitiitralkiD lor 
a peak effect. The administration of 2 >l> pg :%ynoiuiie 
j ACTH to Llogs resulted in similar L-onisol panems 
whether ihe dose was given IV nr 1 M B despite lhc fact 
! that there were much higher peak ACTH coflcnm- 
! bans with the IV dose. J"hc peak Cffltdd eoncentramm 
wiis aL 60-90 minutes lHansen et at. IW4^ H ow ever . 
J in cats, lhe IV dose of synthetic ACTH appeared to pn> 
i vide :l greater response chan the IM douge (Mxnoo et 
1 a). 1994bpC) P 

) GLYCOPROTEIN HORMONES ASD ASStK'b 
[ ATEI> RELEASING HORMONES- Only ihe rhy* 

rtsid-relatcd peptides TRH and TSH will fre ducusscd 
1 in this chapLer. Gonadoln^pin- re leasing hormone 
» (GnRH). luteiuiziTig hormoiie (LlU, placental [human) 
duriooic gonadotropin (I ICG), and pregnant mure 

■ senim jginnadt^ULspin tPM.SCi) are discussed in Clupter 

j HI on roprod«ctti« hormone*, 

I 

Thh njlriipiii-Kek'nsiiii! Hormone. Thyrolmpin^ 

| releasing hnnnnne iTRHi is a iri peptide: PyniTplu-Hjs-- 
, Pro NH,. Neuion* secreting TRH are located m the 
| medial portion of lhe piirii^vnineulur nittlci s and their 
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linked carbohydrate groupt. The human. cow, mouse, 
dpg B and rat a^ubunii gene* are suuiliir (Yang ei al. 
2000b). A11 species haw a single itiRIMA species 11 ui i ■■. 

between 730 and 800 bases long. Hie mlk.NA encodes 
the precursor of the i'i subunit and a leader sequence of 
an average nl 24 ammo nods- 
The TSH [J subun it is approx i mateJy I S klJ. consists 
of approximately 110-11 h amino adds* and contains 
one N-l inked compfe* carbohydrate (Green and Biien- 
linger l9NH) r TSH, like l.H, contains sulfale groups 
that terminate certain chains: such sulfation is found 
only to a small extent m FSH and not at all in HCG- 
Thc genes for (he (3 subunit of TSH of mouse, cow, 
human, dog. -and horse have been cloned, and recombi¬ 
nant canine TSH lias been expressed in vitro (Yang et 
al. 2(IXh*.b), Each nuRNA is approximately 100 bases 
in length with minor vanaLions. The TSH P mKINA 
encodes the precursor TSH P subunit with a Zfkammo¬ 
nad leader sequence and a 111 - or 118-ummo-acid 
coding region. 

Action, TSH binds u> specific receptors on the thy¬ 
roid plasma membrane. TSH receptors from dog. pig, 

human, and rai ha\e been enuipleldy cloned. The 
extracellular domain of Lhe receptor contains 398 
amino acids wiLh five sues for IN-linked glycosylaticin. 
The intracellular domain has J46 ammo acids wiLh 

seven putative c ran® mem brume segments. The stimula- 
mry guanine nucleon ide regulatory protein binds to the 
third intracellular loop. The receptor has a glycoprotein 
coniponcni and a jpmglioside that may be Involved in 
TSH activation of adenylate cyclase. Only intact TSH 

binds to Lhe receptor, and ihc p flibwiit does snot pos¬ 
sess bialnficaJ activity (Chan cl al. 1987; Field 1975). 
Binding of T'SK to its receptor aeiavalc^ adcnyliiic 
cyclaic and subsequent accumuLalicm of e.AMP hut is 
not dependent on the interuclion of lhe TSH from that 
species with lhe receptor. This re^ullv in the stimulation 
and dissolution ol the regulatory and eaiilylic sub- 
units of c AMP-dependent protein kinase (protean 

kinase A) with subsequent phcs^phiiry hiliuri of vanmi* 

eellular prtrteins rcsuliing in an jncrea^c in thyrocyie 
iodide uptake, thyroid hormone organifical ion, and thy¬ 
roid hormone secretion. This cAMF-medlialed pathway 
appear^ lo be important in both thyroid hormone secre- 
tiofi and thyroid glandular growth tChayoth el at. 

The binding of TSH is al*ti known lo activate Lhe 

pllri'isphiiljp.1- -.' C vj- ju,vr-Vrn ActiViil joi| of pin is 
pholip^sc il results in hydrolysis of plMisptwiuUy I inosi¬ 
tol 4,5-hi phosphate | PIF, h wi|h forma tinn. of diitfyl- 
glyecrol (DAGI and inosiiol-J ,4, 5-triphosphate (IP 
Tile former activates a Ca +r -phospholipid-dependent 
protein kinase (protein kinase C) and the latter 
increases imrueellukr Ca** conLxmLratiufis. The effect 

of TSH on pIsHispholipil^ C is slower and requires 

larger amounts of the hofuftom ihun iis tcdvalkfl of 

adenylate cyclase, suggesiing 4 high-CflfMicMy and low- 
affinity TSH binding site. The physiologfcciil signifi- 
ttiiKS of aclivafiion of PIP., hydrolysis by TSH is not 


known htu is. suspected to he involved in thyroid glan¬ 
dular pfolifcral ion (Chiyodi cl al. 1985 ; Taguchi and 
Field 1988 k 

pRtPAJRATlCJNS. liiLKhermcally punlied native TSH is 
purified from bovine pituitary gland's and is Moral in a 
lycphilizcd form lor reconstitution and parenteral 

rnlmiiiisi ration. A study evaluated the effect* of freez¬ 
ing reconsiitutod bovine TSH and danowtrafed that 

biodjjtivity remained inlaet for at least 3 months at 
-2(r C (Kobayashi el al. 1W0). 

Two hm me thyrtrtiopin products have been available 
in Ihc past. Currently. axiombinanl humioi TSH has 
replaced Lhe bovine puxhicts in human clinical use in 
the United States luhJ there are no approved veterinary 
ihynitiopLn products on the market 

TSH Stimulation Test. The administration ui 
exogemiuN bovine TSH folluwed by the measurement 
□I" scrum T m and/or l . pn>v ides importanL mfonruUioii 
in the diagnosis of hypothyroidism, used primarily in 
the dug, al, and horse, because it lesls thyroid secrc- 
tury reserve. Although ihe variable availabiNly and 

high com of bovine TSH has made this lest less practi¬ 
cal, Lhe TSH stimulation best continues to he the most 
definitive non invasive lest for the diagnosis of primary 
hyperthyroidism. 

Protocols for ihiv test vary widely in Lhe dog: Ihey 
are summarised in Table 30.8. Allhough the TSII dose 
and serum siLiiiplirig limes ine often dicltiled by pracli- 
cal iild economic considers ions, increasing Lhe TS11 
dose Jidminislered generally delays Lhe lime of lhe T, 

peak and, up to a lirnii. results in 4 higher serum 
resfKmvc and a plateau ilml b mamuiined for a longer 
period of lime. The roule of ndministraLioit may be 
inifavcTHHi^, intraiuiiSLular. w subculaneous; however, 
ihc most consistent and rapid response is seen after 

innaveihii i -. 1 losing, Fur the dog, |lie suggesusd p|tm>col 
js lo draw a baseline blond sample for serum T, deter¬ 
mination and then administer O.l LlJ/kg TSH intra¬ 
venously (maximum dose 5 LU), followed by a blood 

sample al 4 hours post-TSH (Ferguson 1984, 1994; 
Peterson and Fergusrm 1989). Studies using I [LI of 
bovine TSH per dog have indicated ihai the meim 
increase in serum T J and T, above baseline at 6 hours 


TAHI.K 34I.K— FimiIucmrIs fur TSH stimuhiliun Ei-stf 
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Sources: Be-ale el -al. 1990: Chen and! Li 1987; Ferguson 

1984, 1994: f^leruin and Ferguson I4B9, 

Kflrter Preparalann used is bovine TSH iThycropar. khinie- 
PtMilene Rortr i. Fsir older pnaoooik in ih^ d*^, see Ferguson 
I9S4 fpr .1 revi™. 
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pott-TSH was significantly lower following TSH at I 
FU ihan TSH at 5 IU hat wy* not rtguficaitdy different 
;li 4 boun post-TSH fm the iwo dues of T-S H evalu¬ 
ated, Rased on the criteria far adequate response io 
TSH. TSH lai I TU led to das*i fieai ie.n of W* of [ho 
dogs os having im dKffiawl ttflpnx to TSH -ni 4 hours 
and 35(1 lvL 6 bow. TSH at 5 TU ft; Milted ill iki dogs 

haivirlg 54 d£ORHHl Tl^hpClllSLZ ill 4 huLIE^ and L dOg 9fl 2 1 1 

(Sft) at 6 hours (Beak. 1 el al. 1490), 

Attuning a pharmacological dosage of TSH is used, 
the diagnosis of hypothyroidism in the dug is usually 
continued whon she post-TSH sltuim T + eoncentfiiiioii 
is below ihe imminl range Fur ha-std T^ (usually <i.iJ 
pgAIL or <13 nmol/L iiL [he dog) ami rarely increases 
growler chan Oil pg/dL (2.fr HDOVL) abo*x: Lhe budltt. 
In piLuicary bnu of hypoLhyruidism. ihc thyroid gland 
should remain responsive to TSH. The rare coses of 
long-s-tandmg secondary tpiluiLajy) or tertiary t hypo¬ 
thalamic) hypothyroidism wllH subsequent Lhyn>id 
atrophy may require 2 cw 3 tionattnlivt daily doses of 
TSH lo eventually demonstrate thyroid responsiveuess 

tHg. 30.3; Hejguaoo IW. 1994), 

A study of nrtmwl dogs evaluated ihc predictive 
value of blond sampling times after? tU of IV TSH: in 
80 r & nf ihe animal*, a douhllnp of the serum T 4 con- 
central ion was not achieved by 4 hours- but was 
achieved in all cases by b horns pcnl-TSH. Animals 
that responded favorably to thyroid repbonal ther¬ 
apy have (.hi average virtually no Increase in Benin T^ 
contentful ion following TSH. An advantage of the 
TSH ii—mini™ tesi ih. thd! post-TSH T A concemra- 
cioos lend to be less vsrhihlc because the thyroid is 
maximally stimubted 

Structural Homology among Species, There is 

SU-OOft homology ur ihv amino acid level among the 
sequences of most of die mammalian I5H P mole¬ 
cules. As -an example of avian species, the amino acid 
sequence of the quail TSH P subunil shows homologies 
of about 7UV+ Lo that of mammalian specie*, about 6fK5 
to lhal of amphibians, and abunl 50fii lo tliat of leleosi 
fish. 'ITiere is evidence chat Lhe ItanctiflCUhl doinAiii^ of 
che TSH p subwtit and Hw TSH receptor have diverged 
ciH-ijMirraLEVvIy during evolution. Many region* of iden¬ 
tical sequences arc apparent in variou. P subunits of 
glycoprotein hormones and the regions around residues 
51-57 and 75-80 in the |J sLruclures Lire suggested lo be 
involved in interaction with che common « suhunii 
(MaliW a ilI. IQ84, Lawrence ct at. IW7i Katoct ul. 

1997; Nilgai et al. I99S). 

TSH RfiCEPTOftS AND BIOLOGICAL ACTION. Thy¬ 
roidal TSH receptors from dog. pig. rat. mouse. and 
human huve been cloned and sequenced. The cMfacel* 
luljr domain <sf lhe receptor ccuiLains 398 UftkkO adds 
with five ^ites- for N-Linked glycosylatiun. The minted™ 
luliir domain has Mb ammo acids wilh SCW1 pMUtve 
(ransmembrane segmcnlv. similar m Other G-protcin- 
cimpled reot'phirv, The siimulamry guanine nucleotide 
FcgulLitiny protein hi mis to the ihird intracellular loop. 


The receptor hiL% a glycoprotein compooeol uiid a gsrn- 
gli^idc ch^c may be imlved in TSH actlvatioo of 
adenylate cydiu. Only inteef TSH hinds elk ihc recep¬ 
tor iLnd lhe p suhunii afcnne nm poms hinliigicul 
activity. Binding of TSH to «cn receptor aedwtes aday- 
litecydatt and Bubuquiit aanunulatiMi of eA MR but 

the IntmctuH h not species specific, the loag-sliyid- 
ing use of bovine TSH in human and vcLenmiiy medi¬ 
cine demonstratei. Tin 1 binding resulhs in tbe siunulii- 
tiuih -iuid di social ion of the regulatory c-nlalylic 

siLhupiii.^ c?f cAMP-depeodeut pnteln Unw (protein 
kiiiavt' A) wiLh subsequent pjKHjpburyladn of varkut 
cellular prouMn* resulting in an increase in th\roeyic 
iodide uplaJic. lliyroid iKimiinK or^auiticalion. Land Lhy- 

ruifij hMWK ttcredan. This cAMP-iwd alcd pychw^y 

appeal lo be cmporlanl in boLh thyroid hormone StCtt- 
lion and thyroid glandular growth. 

The binding of TSH is -also known to activate the 
phospholapa.se C signaling system. AcEivalion of phi.»s- 
pholipase C results in hydrolysis of phusphiiCidylinosi- 

tol 4. ?-bi phosphate (PlPt wlib fomuifan of dlacyl- 
glyecrol (DAG) and innKiml-Tf, S-triphrwphace HP,!, 
The former activates a Ca^-phosplMjlipid-dcpefident 
protean kinase (protein kinase C) and the (alter 
increases intracellular free calcium concenlniLion>. 'Hie 

rfFea of TSH on pliosphnlipuse C is skttKT arid 
requires larger amounts of lhe hormone thin Us Klha- 
linii of y^Lctiyhnc cyclase, suggesting a high-eapaeily 
ydcl low-affinity TSH binding siie. The phy^iailngical 
■vi^nificanee of aeliviacinn of phn^phcMnos-itick^ hydroly¬ 
sis hy TSH is not known but is suspecLed lo he involved 
in thy mid glandular proliferatkun. 

Glycosylahon Pattqws: Reuvance to Bmw- 

TrviTY ASTi Immlnoks-activitt The piskiitary ply- 
coproteins LH. J^H % and TSH are produced and 
secreled in multiple molecular forms. In vivo, micro- 
heierogeneity of the ctfbobydnte conslituents of lhe 
individual bofmoDH causes hderogeDehy in ilfinicy 
for chi* rcce^nor and Ln mctaboLie clearance c»f the hnr- 
Uhiiac In vitro, cmniuncKreaciiviiy is affected by this 
hctcrngeneicy. Much has been learned from studies of 
human and equine chorionic gonadotropin because of 
the use of these iigents- as plianikiiccuCicals. For exam¬ 
ple, highly ^ialylated human FSII vtritfih exhibit 
lower rcccptLKT handing, hiLKJdis i lv. and Lmmunnactiv- 
iiy compared tn less misdated coumerpans. Eiach uso- 
ftwm appears 10 have a different Affinity for lhe recep¬ 
tor. h'uT example. FSH gJycosyluLi-un variantG appear lo 
induce or stabihre disLinct receptor Gonlbruuttou that 
resuli in different degrees of aettvadoo or inhihacarm of 
a fiveiii signal tniuductfon phhffty. 

The oligusoceharide chains of pituitary glycoprotein 
luwmoiics such as human ibyroid-sti mulating hormone 
(hTSHl have been shown to be important in bmsynthc- 
si*„ suhunii association, secretion, and bioaclivaiv. 
However, the exact hiological ngpificutt ol these gly- 
cosylalitm isoforms remains COfltfOversilL Hhnnui 
TSH glyawylaiion variants none Iwk in isoclocfrK 
point were found to be significantly none active ihim 
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bonmnH differ from vasotocin, which is found in nun- 

manvmulian Wftdwilei, by only 4.™ amino acid. Ptos- 

Eerior piELilaiy IhTrh^LHH!^ arc svnllwm/JCLL in Lhe hypu- 

E&yilsimiLh mm3 transported to Bhe posterior piluilarv, 
where Ihey arc released into the circulation. 

ANTIDfUMETIC HORMONR, Two 9 -uIhmcU 

peptides are secreted by the neuruhypuphybuil system: 
ADH and ufcytodn. They art synthesized by the mag- 
nocclluldr neuron* of the supraoptic nuclei and the lat¬ 
eral and superior parts of the paraventricular nuclei. 
ADH regulates ilhr wrier permeability of the distal 
tubule*. and collecting duel of the nephron. It also is a 
vasoconstrictor and influences cardiovascular function. 

Structure. ADH has a molecular weight of 1084 and 
is characterized by a frami no-add ring and a .^-amino- 
acid siiJc chain with a disulfide linkage. The prolwr- 
mone for ADH includes the ADH sequence and hcujo- 
physin II, which binds to ADH. Following synthesis of 
the peptide, secretory granules containing the prnhnr- 
mone move down ihe axon to the nerve terminal in the 
posterior ]ohe of the pituitary. Upon estocytosis, 
equimolar amounts of the neurophysin and ADH are 
released The DHUUU ulw project to the choroid 
plexus. where they a,|yj release ADH into the cere¬ 
brospinal fluid. 

Stimuli for RrktH, The primary physiological stim¬ 
ulus few ADH release i* an increase in plasma osmolal¬ 
ity. However hypcmiktt^ pain, hhc&k, and some 
drip may stimulaic ADH relea**. 

McchuiiLsm of Action. ADH binds to two types of 
receptors. V, receptors are found on vascular smooth 
muscle cells and cause vasoconstriclion. V, receptors 
are found on the renal tubule cells and are involved in 
the mediation of ami diuresis through increased water 
permeability and water reubsurptiini in the collecting 
duels. ADH increases c A ft IP in the luhulc h which 

increases wrier p en o Mb iUty at the luminal surface, 

resulting in increased urine osmolality and decreased 


urine volume. V, receptors oulside the kidney also 
mediate Ihe release of the coagulation factor VII and 

vh WillchnuhJ flKtor. Detaopretttii acetate (DDAVP; 

I -dcsamilfcfrB-i.riirginirli; Vasopressin) is a long-acting 

syilbedc andog uf prcdamiiuteJy v, nr antkttuKtk 

activity. Table 3© r 11 summarizes the actions of ADH 
and the respective ADH receptors tV and V,h medial - 
ing the iKtiuiis. 

Ahsorpt ion. VEctnlmliKm. and LucreI :ion. ADH must 
be admimsEered purrnleraJly and has a very short half- 
life of about 20 minutes. 

Prcparatiij^is, Natural luthJ synthetic ADH are avail¬ 
able commercially for Che diagnosis and treatment of 
diabetes m^iptdu^. NuLumJ ADH (HtmaJo) from cows 
and pigs is available at a water-soluble product. Dogs, 
cats, how, and bttmuv protloee afginitie ADH ajbd 
pigs produce Lysine ADH. 

Dtagposbc Use. Diabetes insipidus f DI) is caused by 
ihe deficiency of ADH (central Dll or by absence of a 
renal response in this anterior pituitary hiwmone 
(nephrogenic D3j. The main presenting signs, in ihe 
absence of other conditions, m polyuria and polydipsia. 

Central Dl is due to the absolute deficiency of ADH. 
in partial central Dl, some endogenous ADH secretion 
remains. These conditions are the result of the destruc- 
Emn of the supraoptic and paraventricular nuclei of the 
hypothalamus. which have us.on* terminating in the 
psisierii.tr pituitary. The damage may be due lo heud 
Ifiuumu, surgical transection of the pituitary stalk (usu¬ 
ally only (rvudoat Df). on* primary nr rfilirrtrie turnon, 
or, most commonly in veterinary iswdkiisc. ihe cwe is 
not known % idiopathic D]) 

Nephrogenic Dl results when ihe renal tubule ts 
insensitive lo ADH B In this condition, ADH does not 
increase inlratuhular cAMP concentrations, a neces¬ 
sary prerequisite lo Che increased water permeability 
normally induced by ADH. ihis ihionnillty of ADH 

nqniMvnes may also be partial or total. Primary 

causes of ncpfanDgcn it diabetes are rare. However, sec¬ 
ondary nephrogenic Dl may result from pyojnctra, Liver 
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dlttUfi! hy peradrcnocurt ic i sm. hyperthyroidism. 

liyfcrul^nik disorders* renal failure, mid 
pydoitephriiis. 

Dl is diagnosed if the urine specific gravity i s dilute 
(Cl.OOfi) an the iu.ee of tkhydralion and/or an elevated 
plasma usmoliiiily. However, il is mu mlnrquenl far the 
animal la present in j hydrated state and lo have a nor¬ 
mal or only slightly elevated plasma osmolality. A 

modified Water deprivation Lest is recommended La 

confirm ilui endogenous ADH and urine osmolaliiy 
will not rise in the face of moderate dehydration. Fol¬ 
iating carefully monitored gradual water withdrawal 
aver three Jays, water is completely withdrawn on the 
fourth day and the urine osmolality and plasma osmo¬ 
lality are monitored. II greater than Jfe dehydration is 
achieved and no urine concentration is observed, then 


exogenous ADH ls administered lo test the ability Ui 
respond to exogenous hormone. 

ADH can be administered in two way* in this, test: 

1. 0.55 unite per leg intramuscular aqueous- ADH 
(Piircsxin Synthetic, P&riec-Dffm' Vasopressin USP. 

Quod} up to a maximum of 5 unit>. Urine volume and 
osmoiality (or specific gravity) should he measured at 
M 4 Wit and 120 minutes after administration. 

2. The administration of I mil liunifVmL of aqueous 
A DI E (Pfire&sivt Synthetic, Parke-Davis- Vasopressin 
USP. Quad) in lactated Ringer's, -or 5 % dextrose. This 


solution is then administered over I hour at the rate of 
HI mLAg body w eight, Urine Hmpto should be 
obtained at LS-minulc intervals far 90 minutes fallow ¬ 
ing ADH admin is-traLion. 

In an animal with complete central Dl, ihc urine 
osmolality will not have risen above isoosmoJahty (3()D 
mOsnsftg) with dehvdratian: and subsequent ADH 
admmi^raiiori Will increase unne usmulalily at least 
50%., In ail iininuil with partial central Dl. Lhe unne 
osmolality will increase above isoosmobUKy hut will 
increase am additional 10-50% following exogenous 
ADH. Animals with nephrogenic Dl do not can cent rate 
I heir urine upon dehydration above isoosmnlalily and 

also do not respond to exogenous ADH. 


Therapeutic Uses. Aqueous A Dll or ADH analogs 
are currently the only formulations available for the 
treatment of total and partial central Dl. The synthetic 

ADH analogs DDAVP fDesmopressin acetate, Rarer. 

injectable and nasal, USV I^Njratories) and LVp 
|Lysine-8-vasopressin, Diaptd Nasal Spray 4 . Ssitdoz 
PhiriinaKuEkals.) are the most commonly used. Berth of 
these preparation* cart be adiuini sLered mtranasally or 
into the conjunctival sac. The I alter route appears to be 
better tolerated by Lhe animals. Ocular or eonjUiMival 
irritation is a rare problem. 

DDAVP is j drug with greater potency and slower 
metabolism than the natural ADH molecule. Adminis¬ 
tration of 5-211 |ig of DDAVP (2=4 drops) in single Of 
divided doses eonirols polyuria in most animal's. The 
peak drug action is seen at 2-6 hours, and its duration 
may last from 10 to 27 hours. The clear advantage of 
this mediation is chat it does not require parenteral 


administration. However, ihc conjunctival route resillm 
iil variable amounts of drug reaching the Muodsst/eam 
and variable duration of effect even in the so™: patient. 
DDAVP is also quite expensive, and therefore it might 
be prudent to use the drug only when polyuria is 

i =.' 

observed or to present excessive nocturnal unne pro- 
ductian. 

LV p c LysIne-S-vjisopressi n) is- another product 
which is available for managing Dl via nasal dr con¬ 
junctival administration. However; ills duration of 

action is shorter and its expense is greater than the 

other products. As a result, it has not found much appli¬ 
cation in veterinary medicine (Chastain and Cianjam 
1986: F Vr e.usi.in cl al. 1992). 

DDAVP has also been used for bleeding disorders 
(von WilEehraod's disease and hemophilia Ai. In phor- 
macologk doses, it increases plasma levels of factor 
V1!1:C and von Willebrand factor, by preferentially 
increasing levels af larger van Wtilebnuid factor mulLi- 
tikts and by increasing platelet adhesion, CutrLroJJed 

sludtes on the use of DDAVP in dogs are lacking, but 
ihc clinical impression is ilim DDAVP k beneficial in 

some hut not all von Willcbrand dop (Nichols and 
Hohcnhau* 1994), 

'toxicity. Immediately following a dose, in order to 
prevent water mluxicatiim dogs should ntrt. be given 
unlimited quantities of water. Tht transit-nth' high lev¬ 
els of ADH will prevent the excretion of a free water 
load by the kidney and result in overhydration and pos¬ 
sible neurological sequelae such as cerebral edema, 
Cerebral edema may be manifest by depression, vomit¬ 
ing, salivation, ataxia, muscle iremufs, and convul¬ 
sions. Animals with central or nephrogenic Dl disease 
may also he successfully managed by providing free 
access lo water at all times and by housing the animals 
outdoors. Another inexpensive maneuver which 
reduces lhe urine output is the restriction of dietary 
sodium using homemade diets or the commercial diets 
designed for use in congestive heart failure (e.g,. Hill's 
FD'Di. Such products generally contain less than 0.1% 
sodium on a dry weight basis (Ferguson ct al. 1992). 

Other Drugs for Trealmenl of Crnirsil Diabetes 

Insipidus. Oral agents have also been used primarily 
as adjuncts to ADH therapy of central Dl. Otur- 
propamdflfe l Diabmese ‘. Pfizer), a sulfonylurea hypo¬ 
glycemic agent used to treat nun-insu I i n-dependent 
diabetes in humans. lui\ produced ineon^istenl antidi- 
uretic effect* in the dog and cat Clilotprepumide's 
effect is to enhance the effect of ADH m the KltflJ 
tubufes and cu-lleclmg duct by increasing intracellular 
CAMP. ]l may also stimulate pituitary ADD release. As 
a result, it is only effective in Che presence of sufficient 
endogenous (partial central DI> Of exogenously admin¬ 
istered ADH. Careful dosage studies for ehlor- 
pri.*pumide have not been performed in the dog. 
Reported doses include 250 mg every 12 hours and 
10-40 mgAgAJay, Reduction in urinary volumes rang- 
mg from IS to 50% have been reported. Maximal 
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iintidiurctic effects cuke 1-2 weeks id devefop. Side 
effect* of hypoflycenui can he minim i7e>d by rrcqueni 
feedings and periodic mrmiinring of blood glucose 
coneentfitkim. 

Caibamaapiiie (Tegicior. Geigy TOarnwewlicals), 
an -antiepitepcbc, and cloAbrale (Alimkf. Aycrst Lib- 
ar* lories), m untihyperlipidemie drug, are also effec¬ 
tive in some cases of centra] DL In conlrasl to the other 
drags, I hese agents may increase the secretion of ADM 
and t her e fore would he rational therapy only in partial 
central DL However, there have been no reports m the 
veterinary 1 l Lem Lure of the use of these drugs for the 

successful treatment of DI. 

Thiazide diuretic* when used together with salt 
restriction may serve in potentiate the effect of exoge¬ 
nous or endogenous ADH (sec befcw) fFerguson et al. 
19*92; KlonolT and Kanun 1992; Tyrell ct ai_ 1994). 

Ireutment Of Ni|jliro|*rnk Dvubt'tt's Irmpitlu*. 

Treatment for nephrogenic DI should, if possJbfc, sCurt 
with correct ion off the underlying cause of the nephro¬ 
genic DI (hypercalcefnii, renal infection, bypeFadreno- 
cortidsia without a compressive pituitary tumor). 
Except for institution of a low-sodium diet, the tiiiaziefc 

diuretics are the only agents LhaL have been shown lo he 

effective in the IfeatnMrt of nephrogenic DL 

TUiEide diuretics have ii parailoxieal ancidituctic 

effect in central and nephrogenic DL These agents may 
reduce the TeahsocptieMi of sodium in the ascending 
loop of Henle. resulting in cnh.inecd. urinary sodLum 
toss, mild reduction in plasma nsmnblily, and. there¬ 
fore, diminished thirst. The nxluetkm in water intukc 
causes contraction of the extracellular volume, and 
prodlMl tubular sodium re-absorption is. increased and 

the glomerular filtration rate decreased- The urine vol¬ 
ume is thereby reduced w ithoul overt concentration of 
the urine osmolality. Hydroehlorolhiazide (Hydrodi- 

uril®, Merck ^ Sharp, and Dohme) at a dMAgfi of 2.5-5 
mg/kg haa succeeded in reducing water intake by 
59-859k in case* of ADH-resistant polyuria. Due Lo the 
kaliuretic effect of the thiazides, serum pntassium 
should he monitored andl oral potassium i Kaon Elixir*. 
Adrian administered if the animal becomes anorexic 

(fequUdctd. 1992), 

OXYTOCIN, Oxytocin induces compaction of 

smooth muscle, most importantly of Ihe myoepithelial 
<xlh of the mamunmy gland, which rmdt in milk -ejec¬ 
tion. Furthermore, ii also results, in uterine smo o th 
muscle contraction, an effect thin increases during 
pregnancy. Its clinical use in the management of milk 
letdown iLud uterine ccsniiviL tii in (in due lion id parturi¬ 
tion and treatment of pyonnetra) is described in detail in 
Chap. 31. 

Oxytocin affects the irafismembfauiie ionic current 
in uterine smooth muscle cells, resulting in sustained 
uterine contraction. Oxytociri-indUind myometrial 
contract ions can be inhibited by tocolytic agents such 
as a d rener gi c agonists, magnesium sulfate, and 


inhalation anesthetic* (KLonoff and Karim 1992; 

Tyre!) et al. 1994). 
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HORMONES AFFECTING REPRODUCTION 
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RtpHlUFlhe B^«rlii«lQ|]f 
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Hormone 
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tilnciicnrlifoid>. kind Melatonin 
Spedlk PiUK Isaac in Large Animats 
Induct km nf Ovarian Activity in the Pig 
Use nf Melatonin In Ad vance the- iirccding 
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Use of Albrcinpit in Iht Mm 
Use of Altrrnof'ctft in Swine 
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Use of On RH and Analogs 

IVmLijidniirdin F anil Analogs. 

I ml in-ed Parturition 

Postpartum Usa^r-s DfOxytodi!, Estrogen,, and 
Prostaglandin 

liiduetkm of Sopertpciilalton 

Induction of Lactation in Hie Cow 

S-pttilii Drum I 'wri' in Small Animals 
Dnijr* to Stimulate the Gonads 
Drug* lor Ahorliriti and Evacuation of the 
Uterus in (he Bitch and Qneen 

PoslpoHmcnt of Eslrn 

Trail mint of Pseudi iprefikiaiiry, Oerine Inertia, 
Cry jiliin-hid^m, mi d FrosEatic 
Hypertrophy 


REPRODUCTIVE ENDOCRINOLOGY. The ulli- 

mate control of reprixliielicin n-sLs mi neural process, 
Gonadotropin-re leasing hormone (QnRH) secreted 
from (he hypothalamus is transported by the portal sys¬ 
tem |n the patuilary, where it increases secretion of I he 
prniacUitrcipi ns—follicle-stimul at i ng hontlune i PS! i} 
and luleini/iing hormune (LH)—ill both Fre¬ 

quent administration of GnRtl rftay resull in decreased 
Lli kind FSH Necreiion via dowihregulatior. (taehyphy- 
luis) of piiuiian GnRH reeepmrv The gonadotropins 

simulate the secretion of gonadal Oerni (tesijcwrtmme 
in lift male and cMmgens and progesterone in the 
femaile). During the e^Hwi cycle owariiiii follicles pro¬ 


duce estradiol, an eMtxigein. ptedomiiiiilcly in response 
lu pulsatile secretion of the gi:Niwclncm[Hits t Following 
ovulation mediated by a surge secretion of LH . proges¬ 
terone is secreted from one corpus luteum nr several 
corpora. lulea (CL}. The CL require* pituitary hor¬ 
mones for support (lutecNropie factors). The liit-eotropic 
facionfs) —LH and prolactin—and estradiol are 
specacf-ipccilu;. A decrease in luEeutropic Lictor secte- 
l inn v 1 . i 1 1 result in decreased CL lunclion and abortion 


in the pregnant animal. The life span of the CL is 
lengthened with pregnancy, resulting in continued 
progesterone seerelion, whkh is ncecssury lor preg¬ 
nancy mamfienancLv Late in diesirus in the cycling 
(nonpa-gn-untl large uminal. prostaglandin F, n (PCF ir ) 

neleased from lift endometrium mediates CL regression 
(Luteolyflis-). Eslrus folio s CL regression with in a few 
days., Such ul^ro-OVfuiau relal kinships whereby uterine 
PCF. results in hitootyii; do not exist in the bitch. 

Guudal steroids in the female, estrogen and. proges¬ 
terone. have prominent stkmilatiHy ell eels upon the 
emlLMiftiirinm and I he mammary gland, w hile increased 
cireutaling concentrations may result in palhntogirul 
changes in target organs., GofiadaiJ steroids mediate 
rc|?Ti.Hjiftiive belraviof and gametogenesh in both sexes. 
OsyjNui steroids generally decrease gtuua*kHropin >eere- 
tit^ (l^aiive feedback). The exception to this is a posi¬ 
tive feedhixT effect of edradiol, in the relative absence 
of progesterone,. upon gonadLiiropin secretion Immedi¬ 
ately prior to ovulation that mulls in a surge rocretkm at 
both gtMndotropini!. LH mediates l>vu Lahore Eiop- 
fhi|isly administered gonadal steroids may inhibit 
gonadotropin secretion, result in uttmne und rriummary 
gland palhology. and intemipl gurludul fuiKIIOIl. 

Testosterone in Che msk nftdiales hehaviot and 
islimulates male sex accessory glands. IncreiLscd t iivu- 
IfLling testosterone from either an exogenous or 
endog.em.iu> source may result in pfoslucic hypertrophy 
and hyperplasia. Additn.iftu.lly. testosterone administra¬ 
tion results Ln decreased gonadiMiupin secretiuii and 
interruption of spermatogenesis. 


GENERAL EFFECTS AND UTILITY 
OF REPRODUCT IVE DRUGS 

PruKcsthls. The sources of progesterofte include the 
CL in animats undergoing estrnu> cycles (cycling) and 
the placcnla. in certain species. Progesterone and its 
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synmcbic analogs i progestin*) mimic the effects of a The piLiJiLsry gonadotropins an extracted from mi- 

CL and thereby inhibit estiUB during administration.. ; mall pituitmes. FSH and EPE are used to stimulate ful- 


PoBowing witbdnwal there is a sharpened interval to 
eflnii, with aynehrony of that event in large animals. 
These effects are mediated by increased goiiadutrupm 
{FSH and LH> secretion, Synchronization of estrus in 

large namails b> progestin* or other drugs facilitates 
artificial iit^minaLiun and thereby genetic improve - 
meaL Progestins are effective both in the cycling 
female and also in the prepubertal and pose* 
partum anestnis animal; following withdrawal, ovarian 

activity is increased, especially in cimjunction with 
gonadotropin administration. Progesterone itself will 
inhibit cstnis but must be given at least daily. This short 
half-life discourages usage in the prnctnelion selling. 
Progestin* ure used to inhibit the onsci of the repro- 
duelive cycle in dog* and cal*. 

Gonadotropins and GoruHJoffupm-Kdeaxin£ Hor¬ 
mone. S-timu latiun of Che gonad i n either sex is achieved 
via use of GnRH; the nonpituilary gonadotropins, 

human chorionic gonadofepopin (HOG) and pregnant 
mare serum gpQMkXrofAn (PMSG* also know n •&. equine 
chorionic gonadotropin); or pituitary gonadoempin 

preparation* themselves 4FSH and equine pituitary 
extract, EFt£i. 

tlnKH is a hypothalamic decapeptide that increases 
Li I and FSH secretion [n some instancts GnRH ther¬ 
apy may he appropriate to achieve ovulation or 

lu4ciniz«troffe of an ovarian cy«. The effects of GnRH m 
elevating guiiadurropirt m-crelicMi are brief, lasting gen¬ 
erally only seven! hours, 

HCG and PM5G are large-mukeukir weight gjyco- 
pnucBiis secreted during pregnancy in ihe wumun and 
marc, [respectively, Thoe nnnpituilwy gonadolropins 
mediate a long-lasting biological effect (> M hr); only 
a single injection! is necessary, PMSG is secreted from 
the* endometrial cup* of pregnant marcs in early preg- 
iiancy in order to maintain a luLcolropic (CL stimula¬ 
tory! effect upon the primary and secondary CL in the 
mare. Its gonadotropic: activity is primarily FSH -like 
activity to increase ovarian follicular growth. FMSG is 
frequently used to stimulate ovarian fuHiculur growth in 

lhe anedrou* sheep or goal:. Because of dilfleiiliy in 
standardising PMSG, this drug is frequently not avail¬ 
able in the USA, HCG is secreted from the chorionic 
portion of the plineriLi of the woman. HCG, in contrast 
to PMSG, has biologic activity that is primarily LH- 
iilku. Lint l ii, ttarcfora. inch we s ovuhution, HCG can be 
u.^cd, c.g., to induce ovulation m the mare after tm 
appropriate follicular size has been documented Such 
treatment in the mare shortens the period] of cslrus and 
allow* inure accurate prediction of the lime of nvula- 
Erhi. HCG is also used in a diagnostic manner to- assess 
the presence of a testicle. A HCG lest challenge (IOXKK) 

fU) IV will result in increased feeto^ferone wcrcEkm in 
the [wt'sciKc of a testicle »soon as 30 minute postin- 
jixiicm. "fhis may be desirable to ascertain the stains of 
a supposedly gelded horse. The various UHS of GnRH. 
HCG* and PMSG are described later in this, chapter, 


ILcTiliir growth and superuvulalion in animal* that will 
serve as embryo donors. 

Prutl^andin F^_. The primary source of IPCF T j is 
Lhe endometrium in laEgg domestic animat*, w here ii is, 
released late in dkstrus in the cycling animal and near 
term in lhe pregnant animal. PGF^ mediates a decrease 
in circulating pt’DgestefOM via lutecdysis (CL regres¬ 
sion) and decreased placental progesterone production. 
The mechanism of PGF^medjated lirteolysis invokes 
an iiniistcfoitkigenie effect via activation of protein 
kinase C and a cell death effect mediated by increased 
intracellular Free calcium (Niswender ec al. 1994). 
PGF, ic and it* analogs are used to decrease estrous 
cycle length and thereby hasten the onset of estrus and 
to induce abortion and [urturiliun. In the cow PGF.^ is 
used to stimulate uterine contractions lo facilitate pla¬ 
cental del ivery or for another eebolic effect. As a luie- 
olytic agent. PGF Vi shortens Lhe life span of the CL 
and. therefore. decreases Lhe mterestraJ interval. Used 
strategical ly % in most huge animal species except lhe 
pig, PGF, n results iin synchrony of estrus in a group of 
animals- Since PGF^ doe* nut resuli in luieolysis in lhe 
pig until after day 14 ot 15 of the cycle, il has limited 
utility in ihis specie* to synchronize «stnii®, but it. is 
used in the pig to induce panuritinn. In the bitch PCiF. 
is used to treat uterine infections via luieolytic and 

ecboJIu effects. 

Gonadal Steroid** Krgonnvine, Oxytocin* Glui'iicnr* 
ikcMdx, and Melatonin,. The lim: of gnmuLil steroids, 
such as estrogen and testosterone, in large animal* is 
HOW limited. Testosterone is used 10 androgenizc cow* 
in order to produce a “Kaser'" animd to identify cow* in 
estrus, A variety of esters of estradiol tbenzoaie. propi- 
onaic. cypionaic, and valerate i that iocrfeise duration of 
aelivaiy arc available. These products u ill induce eslru* 

hot generally not o-vtilaiion. Estrogen* am used a* akw 
tifjcienl agents m early pregnancy in. the cow and for 
antimdatory activity in the hitch, Administralion of 
estrogen to the postpartum cow is advocated] as an 
adjunct Its Lrealiiteii! of mild uterine infections because 
it pronwlfi* uterine blood flow- and conhruciility. Estra¬ 
diol valeraic i* used along with a piofieslfn 
(norgcslomrt) forcsiious synctmunizaiion in roiiliiiaiu s. 
EfltiUhi.il mediates hiteolyftis via FGF :ji release. 

Ergoftovme has a direct effect on the uterus and 
increases uterine contractions and vasoconstricLion 
(Bnzeiu 1975}. Il is used in the pistpartum animal to 
enhance involution »d placetttal expulsion, 

Oxytocin i* *ynfhe*i/ed in lhe hypotlwdamn^ and 
stored in the posterior pituitary. Fallowing secretion, 
this hormone mediaies comreiciility of due CMrogen- 
dominated myometriam during pamiriIiim and ccmirae- 
Lilily of Lhe myxxprtbclLai cells suTrounding ik alveoli 
in lhe mammary gkind. As a result, milk ejection is 
mediated with nu died upon milk synlhevi*. Fallow¬ 
ing intULVenous (IV) bolus □Jminiistralion, its effect is 
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meni or ovulation occurs sooner omn expected after 
treatment fljnfvtcdt and Paid 1989). An apparent 
explanation is found in the fact that allrcnngesi has 
only a mini mum effect on LH secretion (Squi res ct at. 
1983), Therefore. some mares have CLb at the end of 
the ajlrenogcsl treatment period. and a lutcnlyLic dose 
of pKHiLaghiidin may be required to achieve the desi red 

effect. 

Although not approved for the maiiuertanee of preg¬ 
nancy, aJtmmfeU has been adinimstciRd with this 
objective, Experimentally, ft out of 7 control mares 
aborted following administration; of endatonin, hui 
abortion did nut occur in the allrcnngcst-tnzatcd mares 
(Daelt ct al, 199[), To ascertain if allrenogcst has an 
adverse dffita on pregnancy and subsequent events, die 
drug was given from day 36 to day 326 of pregnancy. 
No adverse effect was detected on peri parturient 

events,, viahil ity and growth of ihe offspring, or subse¬ 
quent reproductive pcdbtiinanit of the mares (Shoe¬ 
maker et al. 1989). Similarly, reproductive perform¬ 
ance of offspring; from DUB given aJlrenugesl during 
gestation was not affected in either sex (Squires ct al. 

1989), 

Usr or AllrowfBBt in Swine, Swine producers arc 
pirtkuWfy interested in synebnompg cstras in gills 

in order to reduce ihe number of replacement gifts. This 
also allows for more efficient use of labor and facilities. 
Although altrenogcst is mu approved for use in ihe pig 
in ihe US, it is effective in synchronizing cstrus in the 
gilt l Knurling ct al. 1981 : Webel and, Day 1982 ). When 
gills that hud been previously observed in cstrus were 
fed 15-20 nig altrenogest daily for IS days, approxi¬ 
mately 95% expressed estrus 4-7 days after treatment. 
Only approximately 75-85% of the gi lts with unknown 
reproductive binaries were so synchronized. Farrow¬ 
ing mte Hind litter size in gilts was unaltered in moat tri¬ 
als: however,, an imease in cystic follicles (kedmer 
and Day 1981) and a decreased farrowing rate in a 

TOmmcreial skuatiun have ten noted (Wood et al. 


Protest ins 

Syncro-Mate B in Cattiji. Syncro-Maie B (SMB; 

MeriaJ Limited, Athens, GA) treatment is composedl of 

an ear implant containing, the pn.iges.lin norgesioinet 

(6.0 mg) and an injectable solution ol norgestomel (3.(3 

nig) and estradiol valerate (5.0 mg i. This treatment 
synchronizes esiros in heifers and postpartum cows. 

Animate are given an or implant for 9 days, and 
norgestomei andl estradiol valerate *« injected I M at 
the time of implantation. The estradiol is intended to 
bring about luleolysis via prostaglandin release. 
Nofgescomet i nhibits LI I secretion and thereby inhibits 
CL function, Incarnation without respect Co estrats 
detection is recommended by the manufiKtoret 1 begin¬ 
ning 48 hours after implant removal. A high jiereentage 
(77-100%) of CUlle exhibit estrus alter treatment but 
flrsi-Kervic® conception races are variable (33-68% ji 


(Odde 1990). This variability in conception rates is □ 
function of Ihe percentage of the animals in a herd 
undergoing cstrous cycles before treatment. Herds with 
few er than 50% of ihe animals cycling before treatment 
had reduced cnn.ce pi a on rales. A 30% conception rale 
was found in noncycling heifers treated with SMB, 
compared with a 4B% conception race in cycling 
heifers (Brown ct al. 1988). 

Reasons for failure lu CflKdve after SMB include 

luteal dysfunction due to insufficient LH secretion after 
implant removal (Hison el al, 1981) and stag® of the 

cycle when implanted (Brink and kiracofe 1988). 
Those implanted prior today 11 of the cycle had a 47% 
conception rate compared to 37% for those implanted 
alter day 11. Separation of calves from suckled heel 
cows at the Li me of nnplanL removal increased concep¬ 
tion rules < Kiser et al. 1980.1. Some cows treated during 
meteslrus do not experience CL regression! dunng 
UealnieiiL (Bums el al. 1993). Therefore, synchrony of 
eslrus is not achieved. Increasing the norgestomd dose 
to 6.[| mg when animals were implanted during 
meteslrus resulted in more pregnancies i Fanning ct al. 
1992), The use tfl CJiiRli in conjunction with SMB has 
increased pregnancy rates. Suckled tef cows that 
received 25ft jig tlnRH 30 hours after norges-tomet 
implant removal had increased pregnancy rates after a 
timed insemination (Timed el al. 1993). Another 
adjunct ti? SMB treatment has been ihe use of PGF, n . 

When beef heifers treated with SMB foe 7 days were 
given POF.,, on either day 6 or 7. a good estrus and 

pregnancy response occurred (Hcersche et n| r 1979 k 
Similarly, injection of PGF s 2 day.s heforc implant 
removal has resulted! in a good synchrony of estrus 
(Oddcetal I9W), 

SYSfRO-MATP. Et IN Goats. SMB neatncnl during 

the breed ing season resulted in a gutsj synchrony of 
estrus in dairy gnats I Bre&Jaff cl al. 1992). finals were 
implanled with half' of the cattle implant for 
rtorgestomet and given an IM injection with 0.375 mg 
nHifgcshvncL plus. 0-625 mg estradiol valerate. Implants 
were removed after 9 days. Those implanted early in 
the cycle responded less w ith respect to synchrony 4if 
estrus than those implanted later in the cycle. 

Melengestrol Acetate in Cattle. Mekngesiml 

ICttlle (MCA: Upjohn Co. h Kalamazoo, Ml) is an 
orally active progestin supplied as- a premia which is 
fed at 0.5 ms duly for 14 days. Estrus is expttlfid 16- 

20 days after the start of 14 days uf MCI A feeding, Tlte 
advantages of MG A include case in administration,, 
lower relative costs,, and Lhe potential to induce estrus. 
in iloucycling animals, Since fertility al the first cstrus 
after MG A is reduced (ZSmbelnian et id. 1970). PGF^ 
is given 17 days after MG A withdrawal ( Brown et at. 

1986). PGP- induces luteolysis in ihe MG A-'Synchro¬ 
nized animals. Use of MCA without PGF^ in natural 
mating situations has resulted in desired results ^atlcr- 
scwi ci al. 1990).. In this case hulls were joined with 
heifers 15-18 days after MG A withdrawal. It Wm 
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determined 4lm 85% of the animal* conreiued w iritiii 
the Fursi 30 days ul die breeding season. Calf removal 
for 48 hours an days 16-17 after a 14-day MG A regi¬ 
men has facilitated the cStfoua response (Patterson et al. 

I99D|l In this ease, PGF, n was administered cm day 31, 
MElENQBSTROL Ac if rArt in Sheep. MGA ha> been 

used Lu induce eslruv in anestruus ewe* I Safr,iriski el al. 
1992k MGA lO. 125 mg tw ite daily) wm fed for 4 days 
beginning in the spring. This treatment resulted ill] it 
significunl increase in the percentage of ewes lambing 

and die numht-r ni l!;inil» bom per ewe oqpnMd to rams. 
The administration of PG-6DQ in addition to MGA did 

not further enhance ewe productivity, 

RELEASE OF Pft(X-.n^TFEO^i: [%'TRAVARINAI.t.Y 

CONTROLLED INTERNAL DRUG RELEASE (CIDRl 
DEVICE CONTAINING pROGF..STFRQN R. These 

innuv?igin;sl pnige^te^ne-rekavi ng d^ iccs. are marketed 
for cattle (CERR-Bovine, Eaad Breed), sheep (CIDR-5k 
aatd goods iT’EDR-Gj by AHI Plastic Co., Hamilton, New 
Zealand. The C1DR-B has KMfc progeslerone (1.9 gj 
bcoqnralH]. These devices remain in place for ? days, 
with FGF, given at the time of removal im cycling 
animals « adnimMniiion of 400 IU PMSG in ancsirtpus 
animals, Placement of the CIPR-E3 for 15 days in raws 

and heifers resulted ill 879S of the animals being mated 
hy 96 hours and pregnancy rates were JQflt over a 4-day 
period. ("Mcmillan and Macmillan 1989). 

PIHX 1 E 5 TE HONE-REI.EASI NG INTRAVAOINAL DEV |Oi 

(PRID). Tile PRID is composed of stain less steel 

pnils c4i:lIc'^I with siliLrimc ruhKir sjoiiLj .1 miiii 6.759fc 

progesterone. Estradiol heimwite i to mgi in a gelatin 

capsule is sometimes attached to the PR IP (Peters and 

Ballt 1987). The PRID is efficacious in synchronizing 
estrus and ovulation in cattle. Placement for either t or 
7 days, with PGE, i administration either the day before 
PRID removal or the day of removal, resulted in gud 
esinius syitehrofiv of and pregai&ikcy rates in heifers 
! Snulh .'1 all. 1984 i PRID placed in heel tor 12 
days beginning lhe first eight days of the Estms cycle 
along with an injection of estradiol valerate (5.0 mg) 
resulted in good eshnia synchrony (SproH el, al. 1984). 
Polyurethane sponges i iiapregnated w ith a variety of 

progesllM (fliuogesicme acetate. PGA. GnonoJone; 
ehloTgetKMK acetate. CAP. Gikirmudinoitet medira- 
vpnjgesterooe acetate. MAR Proveral have been used 
to synchronize eslnis in eye ling ewes or in combination 
with PMSG to induce cslrus- in prepubertal or anesinMis 
ewes (McDonald 1986). Puberty induction in lambs 
has utilized a progestin sponge for 10-14 days followed 
by 400-600 IU of PMSG. The same scheme is utilized 
in seasonally aneslrou-s ewes, widl SOO'SOO IU of 

PMSG at the time of progestin withdrawal. 

I'sr of GnRH and Analogs 

GENERAL. There are three OrtRH preparations* 
tjonadoreliu (Cystordin*, Mtrial Limited; Fsctel'. 


Fort Dodge) is a hypothalamic dterap^piide iJuu. stimu¬ 
lates she secretion of Kith FSH and LI I. GnRH analogs 
include feitirdm acetate (FerlagylV; Takcda Chemical 
JmJu sines. Lid., Osaka. Japan) and kj^ereliui (Recep- 
laf; Hocchsl*Roussel Agri-Vet Co.. Bucks.., UK). A 
oomparidcm of Lhe biological activity of these products 
in terms of FSH/LH secret tun in heifers has been 
reported (Chcnault et al. 1990) F ertirelin acetate was 
2.5-10 times more potent than gonadonelin^ whereas 
busmlin was approximately 10-20 times more potent 

than fertirelin acetate. The use of GnRH around Lhe 
time nf insemination 1o increase fertility in cattle has 
yielded inked results. Buscrelin (10 pg) given to dairy 

cow* at the time of Insemination did ncn improve fer¬ 
tility. However, pregnancy rales were significantly 

improved when bu>erelm was given 12 days postfn- 
K mi nation (Drew and Peters 1994), 

Rnjjcuur Cysts. Chwisin fotlicv'Uir cysts in cows 

are defined as follicle-1 ike 0 rkieiu res th.it persist raiher 
than ovulaJe, These are mare than 25 mm in diameter 
and have been present for LO days or more in Lhe 
absence of a CL (Ke-sler and Gan crick 1982). Occur¬ 
rence is frequent in the postpartum dairy eow but rare 
in beef C0W& Treatment iwornititfftdations are eitlier 

HCG 5000 IU IV or 10.000 IU IM (Youngquisi 1990k 

Mom cows respond with the %mh\ idimeni of an 
estrous cycle within .44 weeks. Aliernatively, this con¬ 
dition may be treated w ith 100 (|g GnRH., which gen¬ 
erally results in lulemi/atmfi of the cystic structure. 
wiLh estrus occurring m II8-2^ days. The administration 
of PGF^ 9 days after GnRH will often shorten the 
interval 16 eslnis-. 

Induction ok Ovarian Activity in the 

MaJ£E. The administration of the GnRH agonisn 
bsIScncliin to aiiestrous mares resulted in follicular 
growth, with ovulation induced by HCG (McCue et al. 
1992). Mans received twice daily ^uKutaiieous (S/Q) 
injectinits of Kifterclin t lOygl hegimting midwinter for 
a maximum oJ' 28 days, w ith 2.5CX.I ELI HCG IV given 
when follicle size was more than 35 mm. This- resulted 
in induction of estms in ?2''^ of Ik mares. Pregnancy 
rate and einhryoinic mortality were inn altered. 

Pmslaglanriin F and Analnmv 

Cattle, pgf . adminisiratkin results in Inteolysis in 

cattle beginning on day 5 of the eshuus eye le i. L^audcTdalc 
1972). Because of this etlect, PGF 3n is followed by eslrus 
2-5 days postinjjefilbon. There are three* proslaglaudin 
pn.»ducLs available for cattle dinoprost Trcimednuniiie 
(PGF^ tharn sail) (Luialyse"; Upjohn Co., Kalama/i.H>. 
MIL and two PGF V anaiugs. dopo^tefwl (Estnimi^ 

Mnhay Corp,, Shawnee, KS) and fenprosialene (Bovi- 
lene‘, .Synle.x Animal Health, Inc., West Des Moines, 
EAJ. Dtfciages ore 25 mg dinoprosl tmmethamine. 500 jic 
chiprosLenol. and 1.0 mg fcnpruslalraie. 

PGF. r given twice 10-12 days apan to a herd will 
result iii the majority of the animals expressing estms 
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3-5 days after the gecoitd iitjpcccion (Ltuderdiile 1979). 
Pregnancy nt» were noi altered by binding in estnis 
compared w u limed insemination SO hour* after the 
vtncLMiiJ injection, However., such a scheme of two injec¬ 
tions may result in only 711ft of the animal* cxprcssi jijj: 
e>1njs at the expected lime (Bwnfening ct al. I.97K|. The 
reason for this Icss-than-pcrfcd synchrony i-s chat ani¬ 
mals injected during days 110-15 of the cycle were more 
likely to express cunts compared to those injected dur¬ 
ing days 5-9 of the cycle (MacMillan and Henderson 
I' is I , A mia'Ic m\ : t injection sl hi: me i-, MiiisLicLiin, 
whereby animals me inseminated as they are observed 
in esirus for 4 days and then PGP, s is injected on day 
5. with hiding continuingon d&ys 5-9 (Lauderdale et 

al. I WO), 


Make. Prostaglandins are used in mares to control the 
Rtrais cycle by induction of turns because of diag¬ 
nostic or therapeutic tonxidcretiarns. to iyn chronic 
with the scallion, or because of a missed breeding dune 
(Meyers and Le Blanc 1991 f. Other reasons for control 
of tstirug include shortening the first cycle postputum 
to avoid breeding ora foat heal, treatment for a permit 
cut CL. synchfonizailon of more* for embryo transfer, 

and ensuring that luteal structures arc regressed follow¬ 
ing use of progestins to suppress estrus. Two products 
aje approved for the mare: dinoprosA tmrncthamine 
ll.utalyse’) It) mg [M and fluprostennl (Equimate*: 
Miles > 250 |lg IM. 

Musi mares will respond to ibe Inlcolylic effects of 
Pf3F. i( by day 5 of the cycle. The follicular status of ihe 
mare afreets the interval from PCIF- lo estnis and ovu¬ 
lation (Neely 19H3). When a large follicle is present al 
the Lime of PGF. administration,, the marc will gener¬ 
ally express estrus and ovulate within 6 days; however, 
the mare may ovulate wiihin 24-72 Ilnurs and nut show 
cstrus. In contra*!. if PGF Vj i* administered when folli¬ 
cles are regressing, there may be a de lay in expressing 
cstnis because a longer period is required for follicular 
growth with sufficient estrogen secretion to elicit 
extras. Ovulation during dLcstim, noi an infrequent 
event m ihe mare, could nc&alc anv intended effect; of 

Two iirjecftkns of PCF, n 14- I S days apart, resu.lt* in 
good synchrony of estrus in mures (Bristol! I9H?). 
Approximately of the treated mares expressed 
citrus by 4 days after the second PGR injectimi, and 
abiiul 90% were in eslrus by b days. The dural ion oF 
CStfliS 0- W days), up well as the lime of ovulation (2- 
12 daysk is highly variable. PGF, can be combined 
with IICQ to decrease Lhe vodabililv in time of Dota¬ 
tion. An injection of 2000-3300 IU HCG IV when fol¬ 
licle* are larger than 35 mm w ill generally induce ovu- 
htriun within 24-48 hours i GinLher and Pierson I9QW), 
GitKII is nut effective in this, regard unless it is given 
on a daily basis beginning cm day 2 of eslnus (Brimba 
1941 )l 


Gy AT. The use uf PCrE-\. in this species allow* For 

planned breeding io a superior buck and facd nates 


eslrous. syiiehmnimkjn. A total of 2.5 mg PGF^ is 
effective in mediating luicoilygh in goats weighing up 
to 65 kg. although 8 mg PfiF./doe has been used in 


some Mudies (Ou 1986y Esirus cm he expected on an 
average of 5(9 hours after K1F V in those animals 
injected between days 4 and 16 of the cslrous cycle. 
Two infections of H mg PGF. 11 days apart during the 
breeding season resulted in good synchrony of caflru* 
and Fertility. 


Induced Parturition 

CATTLE:. Pamiri [tori may be induced in cattle by gtu- 
cocortieoids and PGF_ (l . The icsinon* for induced psutu- 
rilion include allowance for more time postpartum 
before the next breeding season, an attempt to reduce 
cult' slz£ and Therefore dystocia, prevention of exces¬ 
sive udder edema in dairy cal lie. and to take advantage 
uf available forage for milk production, as in New 
Zealand (Runh 1986). Generally, induction of partuni- 
lion 1-2 weeks prematurely does not alter dystocia 
scores even though calf *i« has: been reduced and docs 
suit adversely affect the calves. Some large European 
beef breeds calve up to 2 weeks beyond the normally 
accepted gestation length* and consequently beef pro- 
du om may elect to induce parturition in cows rhui have 
not calved when expected. This procedure generally 
results tn placental retention. ^ ut subsequent fertility is 

not affected (Wagner ct al. 1974). 

Denamethflfianr (20-30 mg) or flumetha-snra (ft-10 
tog) SM is 80-90% effective in punuriEkm induction, 
with calving occurring 24-72 hours pu^nreaiment. 

Calves can he expected So attain normal levels of 
immunoglobulins when induction is done within 2 
weeks of term. Kdenlioo of placetitaJ membranes has 
exceeded 75% in some cases, Long-act mg glucocorti¬ 
coids (dexsunechasuue trimelhylacefate. 20 mg: Lrivtir 
cinolnne acetoiside. .31) mg; flumelM-sonc suspension. 
llO kfig; and betajlKtliasone. 20 mg) are used primarily 
iu New Zealand 1 Bauth 1986). Treadneni is given once 
EM approximately I mufiih before calving. The mean 
interval to parturition is 15 days. The incidence uf 

retained phicentas is decreased fel alive io the short act’ 
ing gluencnftkotds, hut calf mnitalily is high (17- 

45*), 

Calving my be induced w ith Ptrl . d (25-30 mg) ur 
cloprwlcnul (500 ffgj IM with results similar to ihat 
i'nund with sfoirt-tiding glucocorticoids. The interval 

from injection to calving is 24-72 hours 4 Ranh l98ti). 

A combination of tmtmenits with dexauwthnstone and 

eloprosteniol has, resulted in. a shoner intcival ffion 
treatment to delivers* 4ind a greater percentage induced 
compared IO either drug alone or (Wu injection^ ot ctn- 

prateiwlr 

Reasons tor terminjring a jpregnaney in this, specif 
include pregnancy in young In fin, reduced feed cFfi- 
ciency in pregnant feed lot heilers and cows, and paitu^- 
laigic prefBincbB Blteh as hydropic condtEions 
(hyiliumnios and hydr+illarUui^) and felal irtummifica- 

tion (Barth 1986). Present ion of The cMabflishmenl of a 
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TABLE St A — Oxytocin doses (Up 


Species, 

ObuKLTiei uj'jiJ] Qriucok^kad urea 

Milk k&tkrtvrt 

Biluh 

AagnieiU C43nlniLinsiis: a 1 -5 S.tJ ur IM 

Primary Inertia: 5-20 IM or IV infusion 

Manual rahiL-linfi uterine pnJapus: 5-20 IM 

C JjlvIlh:iii nasal spray 1 (SvtiUiirmnri®] UJ 

Cow 

Aunoml cuntadnu^ 30 IM, repeal oi 

lid min il nuLc' ixArY 

10-30 

More 

Augment contractions: 20 EM 

Fur ifldueiHfti, mil Beat 


Sow 

Augment conlnbclkira: 4 10 EM. repeal uc 

5-20 rv- 


."311 min if netessiary 

2£kS0 IM nr 540 iV li m iHljurwl wilh agakCSLl 

Ewe. doc. and goat 

Retained placenla:' 10-30 IM 

Control uterine h teed inf* in tfwflx: RU-20 IV, 
repeat at 20 min S fQ 


-Plumb 1991. b Lmr 1992, 'Hendi ct ol, IW6. ^ninaon I98&, 


native treatment for metritis in the cow fWichtd iWl). 
An Advantage lo FGF, n treatment ls Lhat milk with¬ 
drawal is not nec«N%«tfy. PCF. n (for see the sec¬ 
tion on PGF and analogs.) is the appropriate treatment 

to achieve lirteoHysis in cases of pyometrs. Research 
data support the recommendation of whole-herd 
prostaglandin (25 mg dinopros! iromethamine or ^Kl 1 
pg cloprosicnol) ire-almeniL of postpartum Jain 1 cows 
once or twice between days 14 and 44J in herds with 
pour reproductive performance or a high incidence of 
uterine infections. Such Lreatrnent has resulted in 
decreased intervals from parturition to conception und 
increased flrsi-«r¥tee conception rates (Young and 
Anderson 19R6; Etherington -ei all. I9R8).. This is attrib¬ 
uted to cither hastened uterine involution or the lute- 
olytic effect l hat is helplul to eventual fertility. 


TABLE 3U-—Sopewratolim in tlw cow 


Day 131' 

cycle 

Time 

Trertnent 1* 

Treuimenc 2 

10 

A.M, 

F.M. 

230Q IU FMSG 

6 mg FSB 

6 mg FSH 

11 

AM 


4 me F5I1 


F.M. 

kL'Lipients AStftm! PGF^ 

4 mg FSH 

12 

AM 

F.M. 

Donors receive PGF., 

2 mg FSIIi 

2 lEijf FSH 

13 

1J 

AaM. 

F,M 

A.M. 


2 mg FSH 

2 mg FSH 


F.M 

ht 

Al 

15 

A.M. 

Al 

Al 


P.M. 

At 

Al 


'MopuMoh I'HSh. “Actilitrml inhzinirtaliurL 


Induction of Stipend utafkin 

Cattle. Valuable cuttle may be induced lo ovulate 
in nil i pie follicles (wperovulatbft) so ctuiE embryos can 

be transferred to recipient animals to increase the num¬ 
ber of progeny. In anile, ^uperovulanren mulls in 
about HI ovulations, compared to the normal* single 
ovulation (Seidel and Seidel 1991 )„ Supemvulatbnn, cm 
I he average, results in about 6 usable embryos. The 
ideal response is 5-32 embryos from one-third of Ihc 
donors. The donor supcrovulaticn injection program is 
begun between day 9 and 14 of Che cstruus cycle wish 
FSH given over 4 days and PGF,. given on days 3 und 

4 (Mapleloft 1986) (Table 31.2), A problem with FSH 

products has been CcmtummaEkm with LH, which 
results in a decreased number of transferable embryos. 
FSH products include FSH-P (Schering-Plough),, 
derived from pilukaffig of demesne animals, and 
Super-Ov (Ausa Inlefnaiional, hie,. Tyler. TX), derived 
from pig piruiraries. The Supot-Ov product contains a 
controlled level of IJH (Onfialdson and Ward 19K6>, 
which results, in a more uniform number of transferable 
embryos. 


Swum The major reason few performing embryo 
transfer in swine is disease prevention (Martin 1986). 


Sows may be superuvuliiled with ait in jection irfPMSG 
(1200-1500 IU) at wearing. Alu-muLivdy, FMSG 
(1300-1300 IU) may be given 24 bom after the first 

injection of PGF^ in sows that were either pregnant 

<16-45 days) ot p^Ditioptegnant, Pkeudopr^Hii^ is 

created by the use of estradiol injections nn days 11-15 
nf the cycle i Kraeling ct al. 19753- 
Eatrogcn is. tutwhapic in the sow, resulting in CL 
maintenance. PNeudtfpreg.Jia.iM and pregnant sown arc 
given PGF t twice (15 mg followed by 10 mgj al a 12- 
hour interval to bring about synchrony -of csirus, Esirus 
cun be expected within 4-7 days. The superovulatnry 
response to PMSG has averaged between JO and 45 
cmMcHis, 


Coats and Sheep. The drug regime for superoviila- 

tun in these species depends upon the reproductive sta¬ 
lus (Atnnuh and delays 1990), During the breeding 
seaport, PGF nj h used to mediate luleulysis, und 
gonadoVOfHIkS art given to increase die ovulatory rate, 
The iine-uiHi s animal is gi ven a progestin followed by 
|Ofudotrqpin treatment, Dairy goats were supowu- 
luted successfully during the breeding season by place¬ 
ment of an intravagiuul sponge (MAP: 643 mg? for 11 
days-, 125 (Jig doprostenril IM cm days 1 and 0 of 
sponge treatment, and twice daily injections of FSH-P 


C opy righ ted m ateri al 
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then 0.2 mg/kg every @ hours afterward) (Feldman d 
ul. 1993). Treatment minud until abortion was com¬ 
plete. All bitches aborted within 9 days of beginning 

treatment. Early in pregnancy (beginning day 5 nf 
diestrus) a PGF^ dosage of 250 pgAg SAJ twice a day 
for 4 consecutive days is iwomnieiwled (Romagnoli el 
id. 1991), This. treatment was 80% effective in Beagle 
Niches (Genie et ul. 1988). Failure were alirihuted i» 
the refraetori ness of Cl - due In (heir transitional status. 

Bitches treated on or before days. IS or 9 of Jiesmis 
did not have a vaginal discharge associated with the 
Iosa of pregnancy" loss, occurred before imphninmora. 
Those ireaied on days 12-14 of dtostras had a bloody- 
mucoid discharge around day 2K rEtomagnnli et ul. 
3 991). The inlereslious interval may be shortened by 
this treatment particularly when PGF, n is given early 
in dteslrus. A bitch given PGF^ between dicstrus days 

30 and 12. e.g_. was in cstnis. 42 days later (Johnston 
1990), 

S ignificant side effects nre noted in the bitch given 
POF. p a median lethal dose is 5 mg/kg (Sokolowski 

and Clcng 1977). Side effects arc emesis ataxia, ami- 
ety. abdominal cramping, fiyperpnea, diarrhea, and 
hypersalivatiim. VoniiLiun resulted Iran the jdininistra- 
Iton of 0.5 mg/kg PCF, ;1 .. and only one- fourth this dose 
was required to elicit defecation (Mont ada et al. 1985). 
A transient hypothermic effect occurs fur appro* i- 
vnately 3 hours pofti-PGF.^. Generally, side effects are 
observed w ithin 3 iniiiutes after adrnditkftraiion and per¬ 
sist for 20-441 minute*. Atropine adirrinisiration prior to 
PTpF.. and walking the animal after PGF. m udntinistra* 
Sion have reduced side effects (Braakinan ei ul. 1993). 

These effects lend to diminish after 4 cw 5 injections. 
Because of the adverse cfFccIs, PC3F should cmlv he 

Ji ' 

administered io healthy young bitches. 

Pregnancy has been terminated in queens after day 
44) of pregnancy following either U.50 dr 1.00 mg/kg 
POF, i once or twice I Lein 1986). Abortion fol lowed S- 
24 hours posl-PQFy LtileolySii^ occurred In pseudo- 
pregnant queen* after day 21-25 in response to either 
220 or 440 pg/kg PGF, iV . 

MEfUHANiSMS TO EVACUATE THE INITCTED CaNINE 
UTERUS, Uterine- infections-1 nietrilWpyrnnetra) most 
common ly occur A few weeks postovulatinn during 
diestrus and shortly after whelping. Administration of 
either estrogenic or progestogenie preparations 
increases the incidence. PGR., in addiikm to causing 
luteolysis. results in cervical dihiiaiion and- uterine ran- 
cracticmrs. i Burke 19»2; Nelson et ah 1982; Sokolowski 

imi P0F fc (25-1000 liig/kg SJQ or IM) is recom¬ 
mended twice daily for 3-3 days or until (he vaginal 
discharge is scant and uterine size- is considerably 
r educed (Lein 1986), Antibiotics are also used. In a 
large study, the *ueecWul PGF^ dose varied! from 26.8 
to 25K pg/kg tw ice a day for 2-26 days (Gilbert et ■!. 
1989). Clinical cure from symptoms was achieved in 
33 of 40 bitches. It has. been recommended that a fur¬ 
ther dose of PGF 2n be given .3-5 days after Ihe intensive 
PGF. r regimen to ensure that die uterus is not filling 


again with caudate (Burke 1982). Bitches should be 
bred in the nest opportunity since pynmetra may 
develop after the next nonpcegnani cycle. Gwens with 
pynmelra may he K.imi tarty tniatisd. 

Oxytocin (2-3 UV43.3 kg) IM and crgoninvinc (0.2 
mg/13 5 kg) PO or IM have Keen used hi evacuate the 
uterus in the poslpartuii bitch with metritis (Johnston 
1993). Oxytocin may he repeated ai .30- to 40-mi mile 
interval a. Prior administration of estradiol eypionale 
1 0.25 mg) IM enhances the effectiveness of oxytocin 
and ergonovine. 

AnTINIDATOEY ACTIVITY Oh EsTEODENS m THE 
FiETCH AND QtJEF.pf, DietbylwLilhcslTol i;DES), a nons¬ 
teroidal compound with estrogenic activity. has been 
recommended as being anun idaton in the bitch (Shille 

I9H2). However, LIES given daily (0.(175 kg) orally For 
7 days during estate did not interrupt pregnancy 
(Bowen et al. I985;u Benzoate, valerate, and cypkwnaic 
estradiol delay absorption and metabolism of estradiol: 
consequently. they have a longer duration of action. 
Estradiol heuzoale has been recommended (0.0 1 
mg/kg) S/Q Iwjqr daily on days .3 and $ poslcojium 
(Braakman et al. 199.3). Estradiol eyptonate given at 44 
pg/kg IM during citrus or early dicstnii prevented 
pregnancy (Bowen cl al. 1985). Estrudinl eypiooaic, 
however, resulted in a 25 9( incidence of pyomelm 
when given during ditssCrus* Administration of 250 jig 
estradiol cypkwiale to queens 40 hours alter coitus 
resulted in delayed m urn transport with degeneration 
of ova in 3 of 4 cats (Herron and Sis 1974). 

Dogs are susceptible to estrogen toxicity (Bowen et 
ul. 1985; Legendre I97fr Sdwlm 1978; Teste 1986). 
One problem with estrogens in the hiteh has stemmed 
from the jLlministralion of estradiol cypionutc, a long- 
acting (21-28 days.) preparatkin (Shille 1982). The 
dfechi were more frequently noted w iiLh higher dosages 
in older dogs. Exogenous estrogen or (hat elaborated 
from turnons in dte dog causes bone marrow depression 
characterized by ihrombocylopenia followed by hem¬ 
orrhages and pancytopenia. Cystic endometrial hyper¬ 
plasia and pyometra are also sequelae. The queen is 
regarded as more tolerant of estrogem; however, «*in>- 
gens potentially may suppress, hone marrow activity in 
this, species as well Estrogen tre^trriem alvn extends 
ihc period of cstrus. The anlinidarory mechanism of 
cslrqfcn.s is via altered embryo tuba! transport (Shille 
1982) imd biochemical environment qf the uterus anil 
the oviduct (Makler and Morris. 1971). 

MLPEFftt stone ( Progesterone Rectjtor Antacs- 

0NI5T}- Mifepristone |RU‘48b. RouSAd-Udaf) is a 
synthetie steroid that intern^ with the progesterone 

receptor and blocks (he effect of pnjgcstcrore upon the 
myometrium. Mifeprisione is not available in the US. 
This is ;in effccliVA aboridacienl in the bitch without 

direct side effects (Gmcahaoa el al. 199(k Luvoud 
1989), Admduistraiion of utifepristeuie (5-1(3 mg/kg) 
IM during the second half of pregnancy for 5-7 days 
resul ted in abortion 5-7 days later (Taveme et al. 1989), 
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manifested in behavioral and/or physical chunges. 
including congestion of the nummary glands and 1 nap- 
prraprmle lactaliim These signs may also be associated 
wish wilhdrawal of progestin therapy, Spontaneous 
remission will occur without treatment: however, tre-al- 
mcnt may be desired, Erguline derivatives and other 
dopamine agonists reduce prolactin secretion and thus 
seent appropriate. BnnruxTipline (Purludd, Sam-doz) 

tabki* orally at either JO pg/kg daily For lt> days or 10 
pg/kg For 10 days have been effective (Janssens 1986}. 
Vomiting occurred in about 2:5% qf the animaK. The 
owner* were instructed to mix (he hromotaiptiirie in Lhe 
food and to give 0.5 mgfkg mpelLKloporni-dc, a 
dopamine antagonist and antiemeiic.. a half inn hour 
before Che meal if lhe first dose of bromocriptine 
elicited vomirion, Cubergoline, unotlwr ergoLLne deriv¬ 
ative, was found to he effective at 5 jigflcg/day I hi for 7 

tteys (Jflehle et at, 1989). %tiilioo again wa.s a signif¬ 
icant Aide effect. Testosterone I«ls also been used to 
treat pseudopregrtauey (PuniweLI 1994). A single dnse 
of either IcslosterafK cypionate or enanthate (0.66 
mg/kg) hits been effective and wiLhuut side effects. 
Mibolerone has been recommended al 0.016 mg/kg 
□fully daily for 5 days (Brown 1984). 

Uteejne INERTIA, Oxytocia results in myomecrial 

eoiitruetJonH during delivery. The dosage for uterine 
inerti-a bi the dog is 5-20 Ll/dog IM (Table 31.1 >. This 
dosuge may be repealed at 3D- Its 40-mimilt“ intervals* 
although the bitch may btxome refractory I Johnson 

1993). Pi^partum oxytocin promotes uterine involu¬ 
tion uiiriJ milk letdown. 

Cryptorchidism. Cnrpt-ordiidism is the failure of 
one err bmh levies to be present in the scrotum of the 
dog by 6-8 weeks, of age {Feldman and Nelson 1987}. 
The testes migrate from the caudal pole of the kidney 
to (he scrotum via guidance from the guberuaculam 
iesiis. Ai hirth the testes in die dog aie usually within 
the abdomen near the internal inguinal ring (Jones uud 
Joshua 1982), The testes move through the inguinal 
canal and arc in the scrotum by I Ll-14 day* of age. 
Because this condition has a genetic basis, dogs with 
this euilditiurii should not be used for breeding pur¬ 
poses- The cihies of medical management of this con¬ 
dition should he considered by the veterinarian and the 
owner (Feldman and Nelson 1987). The most common 
method of treatment is serial injections of HOG. Dogs 
younger than 16 weeks of age are the best candidate^. 

The CM injection of 100-1000 TU HCG -f limes in a 2- 
week period resulted iu descenl in 21 of 22 dogs. None 
of ihe 2fi controls had complete descent. 

Beniun PBOSmne Hvi^RTKomy. Benign prostnLic 
hypertrophy occurs in dugs over 5 yours of age with an 

incidence ihought h> be at least 80%, Sign* aisocialed 

with this problem arc cniLstipaLion, blood in the urine or 
semen, and inerca-sed frequency ot urinaiiou. The treat¬ 
ment of choice is castration; however, it this ls dkiclined 
(here .ure medical alternatives. Megestml acCkile (tJva- 


han) decreases 5 Ct-reduclase in prostate tissue, thereby 
interfering with the cunverskm of testosterone to dihy- 
droCestnstemne. the agent that mediates the hypertro¬ 
phy. Megcstrul aceLate (0.55 mg/kg > given orally to 
dogs for 8 week* inhibited the hematuria and blood in 
the ejaculate (Olson cl al. 1987). This drug is OC4 rec- 
i.KiiinR r iided to be given for more than 32 days and 
tmdurthledly will interfere with sperm production. The 

anciandrogcfi finasteride (Prosear*;. Merck) at a dose of 

(,0 mg/kg daily is rccommcnLied (Johnston 3993), 
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THYROID HORMONES AND ANTITHYROID DRUGS 

DUNCAN C. FERGUSON 
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INTRODUCTION 

llypnlhyni-klhm. Hypc^yroidisn is the mosl c*nm- 

irum iiiidLKrriiiufyuJiliy of the lU«^ ,iiiJ is diagnosed with 

some frequency in die horse, hit spool^nHiys hy pithy- 


ro-idkm is rare in the eat and oLher domestic species. 
Less commonly, hypothyroidism can be caused by 
iodine deficiency or by the ingestion of gndlriigciiic 
substances feewnpound:* that interfere wiLh thyniid hor¬ 
mone synthesis by the Ihymid gland) in the cm i mo¬ 
ment or food. 

Clinical sipis of hypothyroidism oofitmcgn to most 
species generally reflect the reduction in basal mew» 
tolie rate of the body and include lethargy, tneoiiil 
depression, weakness, inability to train. iiod/of noflpiiu- 
rick" hair loss (Fcldmiui and Nebcin I987fr; Fergiisofi, 
19S9 il, 1993; Ferguson and Hoeoig 199 lb; Fergustm el 
ah 1992; PWctlQOand Ferguson 1990), 

Hyperthyroidism. Hyperthyroidism is now Ihe mosl 
common endocrine disorder in the eat and is only occa¬ 
sionally seen in other domestic species. Hyperthy- 
inidiim, or Lhyrmoxkosis, is caused by excessive con¬ 
centrations of Ihe circulating thy mid hormones, 
thyroxine ffj and triiotkithymnine CTJ, mosl com¬ 
mon ly the result of hyperplastic or benign adenoma¬ 
tous malignant Ihymid glands in cats and adcrtpsarrii- 
uomas in dogs. Hyperthyroidism occurs inosl 
frequently in rniddle-agcd to geriatric cats, and discus¬ 
sion of therapeutic agents will focus on those used in 
this species. The most common clinical signs associ¬ 
ated with hyperthyroidism dial can be directly relaled 
to thyroid hormone excess are weight loss in spite of 

ravcoous appetite, hyperaetivily, pcdydlpsia, polyuria* 

diarrhea, iiiienm iHenl fewer, vomiting. and symptoms of 

cardiovascular disease >ueh as tachycardia and dys¬ 
pnea. Often the eats shed excessive amounts of hair, or 
the coat may he matted. Rarely. hyperthyroid cals pres¬ 
ent in 41 way Similar to whtft has been called "apathetic 
hyperthyroidism " when the eats arc lethargic and often 
siuKctiCi perhaps representing am end-siage form of 
the disease (Feldman and Nelson I9tf7h; Ferguson and 
Elocnig 1991a; Pctefsinl aild Fergusirfl 1990)1 


THYRC >11> FHYSIOLCMil 

Iodine- Vhiahnlism, Ihymid hormones are the only 
iodiiuied organic compounds in Che body. The two 
major secretory produces of the thyroid gland, thyrox¬ 
ine (l-T 4 ) and 333' a EriiodothyroiiirK (l-T ( K contain 
b5% and 59% Iodine, respectively, The minimum 

iodine requtremenl of most annuals is unknown, but 
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ih & daily amount needed in Lhe njCiun to prevent goiter 
in all animals is generally accepted CD be 1 pgfltg body 
weight. The daily neecimiBcnded amount of iodine in 
Lhe dog is 35 pg/kg and:, while it has not been carefully 
studied in the- cat, is believed m be about 300 
jig/cat/day. Although t rue nutrient requarements for this- 
micronuGricnt are not well established, most commer¬ 
cial dog and cat food preparations include al least three 
to five tiime* thke minimum requirement for iodine 
when fed in recommended amounts- As a result, Lodine 
defkieney has become it rare condition in domestic ani¬ 
mals, During pregnancy, the recomiiiciMled irriiii inuiii 
daily requirement for iodine h increased fourfold. 

Areas of ktdime deficiency in North America include 
the Great Laics, region and eastern British Columbia 
(Gelshaw el ad. 1974: Kuplein et al, 1994; Peterson and 
Ferguson IM©>. 

Ingested iodine is adverted to iodide in the gas¬ 
trointestinal trad and absorbed into the circulation. The 

dog has plasma iodide cnncemiiitinn* of 5-10 jag/dl., 
which lure 10-20 rimes the levels in human plasma. In 
the thyroid gland, iodide is concentrated or "trapped” 
by active transport mechanisms of Lhe basal iGcrvl 
plasma membrane of the thyroid follicular cetL result¬ 
ing in intracellular iodide concentrations that are 

10-200 tjane» tli lli of serum. Tlti& pnem is stiniulKted 
by the interaction of thyrotropin (thyroid-stiinulafing 

hrirmonc; TSHy with follicular cell surface receptors 
leading to the stimulation of eye lie AMP tcAMP) tsec 
Fig. 310 Other ti^ues. including lhe sail vary glands, 
gastric mucosal cells, renal proximal tubule cells, pla¬ 
centa. cituiry body, choroid plexus., and mammary 
gllandx, can take up considerable amounts of mdii.no- 

dide in a TSH-indepeiidcm fashion. 

Diagnostically; radioactive iodide., or pcrfedmdtfte 

(TcO, ), which, unlike iodine, cannot he organafted, 
can lx: used to assess the anion transport function 
{ uptake) by the thyroid gland. Iodide trapping can be 
i nhibited by other anions, such as thiocyanate (SCN'K 
NO “+ and CIO;. 'SbiHK , ya^□ti , is a metabolic product of 

smne naturally occurring eompouiids in ptaivtK and may 

result in goitrogenic iiinlithyrciid 1 activity of the plain. 
Oral administration of perchlfirate fallowing the 
administration. of a tracer dose of radioiodine can he 
used to diagnose congenital defects in the Lhynndal 

ofgmilkidcA of iodide (perchlorate discharge tesD 
{QrenqHi 1994; Twreg 1971). 


Thyroid Ifarmniie Synthesis,, Thyroglohulin iTg). j 

iodiihited glycoprotein wiih a molecular weight of 
6*0.000. *erves as a synthesis and storage site for thy¬ 
roid hormones and their precursors in the Lhyraid folli¬ 
cle. After synthesis within the endoplasmic reticulum 
of the IhyToid follicular cell, membrane vesicles con- 
Gaining nomodinuLed Tg fuse w ilh lhe apical ntenibriuie 
and Hire released (by encyto&ko into the follteutuj cell 
lumen. where Tg is stored m eollaid. 

Once inside the thyroid cell, iodide dilfusei down u 

ciHKenOLU i-j'ii gradieni to the apical su rface of the cell, 

where it h oxidized by ihe enzyme thyroid peroxidase 
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FIG. 32.1—Iodide uptake, organifk-utiun, un*l secretion, by 

111 l' Lhyniut Lett. .Step I: IlhJilJl- ii|rf;ikt. Imuuujiic iudide (I"l 
(Mivtiv^ly Hiri o n it d inlii Itic IhvroeyU: 1‘rcmi the esEroteh 
lu Jar flu id t EGF.i to lhe cytosol of the foUkuIjir cell. The 
rwiitcninee of the sodium gradient nil ibc Na B .K"-ATPti^ 
pump appears to be import* ru For this process, This step is 
hhriiubkxi by ihyracrqpin ilTSH'■ infraction with a plu-sma 
TSH n'CL'fHev ami activjflimi uf adeiiylale cyclase. Steps 2 

;ind X OjudiLlum und LiryauifK/LiLiun. Alter diliusn.m lu lhe 
■ipiv'iiE ptasmu ifiL'iiihmic, lhe iiidide is iisidijicJ hy iht: itiy- 

rokt perns idiiH 1 erwyme iTPOi ivtep 2) und inT£nniiied nM 
tyircstne reudues or prcfbirecd ihyrogMwIin ITg) l>lq> 31 In 

farm mwioiodolyrowiw (HIT) nntl ffiodripiK (DITk 

Slep4: Coupling. The MIT and PIT residues on Tg couple 
to f«Min T,. arvJ two PIT residues eoupk lo form T,. Step 5: 
CdUdhI lorapEin. Under Lhe stimulus of TSH. fnllkular 
ccJleml eo<imining Tg ih wsoibed inre-i the shyroeyTe. StL p & 
Tg proteolysis. Tliymisl. iHwimnies. MIT, anti DIT are 

rclcj^-tl immTy ilikIlt I lie slirnulii^ i-l I Sill Si 1 i!p 7 Ik’i.idi 
nafcicm. Also sliniubildsL hy TSIE j (1 ihu lime of WLTL’U-J^n., 
deii-Khnuse enzymes Lunviirt T^ In T, und npvmse f, (rT^l, 

.ifilI iiMkrtymsincs are dL'indtinutieil tn n\Um recycling trf 

imtiiii 1 . Slvp -SecretewirTj. T,. anti rj, are retea«d inln the 
hkndditim. (RepriuSed from Peterson ml Fe fiiKii 1990, 

Fig. WJ 


(TFO) lu iodine ( hg. 32.11. Is is then bcwporuLed into 
lymine residues of Tg in a process called Qjgailfla- 
tion, forming numoiidotyrosinc (MIT) and diiodolyrev- 
sine (DIT). 1'hyrasiac (Tj is then farmed by coupling 
two DIT makculcs, and l.S.^'-triindathyroninc (Tj is 
formed by coupling one MIT molecule wish, one DIT 
molecule (Burrow ^ d. 1989; Greenspan 1994: Pelcr- 
sduid Ferguson 1990: Tmmg 199 L). 

When iodine intake is adequate, production of is 

favored. However, in iodlLne-deficieiil slates and 
impending thyroid fuilw-re, lhe ititraihyroidid synshesis- 
of T, m preferred over that of T r By this .liiiiofcgala- 

tiflii, (be [hy mi J gland produces ihc mmi active diynud 
bormofnc IT, is 3—10 Limes more potent than l j while 
using less iodide. C'cmvcrsely, chronic: iodine excess 
may lead Lo excessive slooge ol Uiyroidal hormone. 

The Wvlff-Cfmik&ff effect, unoLher i ntrulhynoiduL reg¬ 
ulatory mechanism, is key to mdtertanding the poten¬ 
tial acute jintichyroid efftci of large unoutib of 
mgesied iodide. Mediated via inhibition of die TFO 
enzyme, iodide decreases ihe nice of iss own relatiw 
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ecntrariLins, making ii more dillkul.1. to confirm on 
ovordo**a(L£ (Bravermaji and Utiger 1991; Ferguson 

1984; Greenspan 1994: Quinlan and Michaclswi 1981; 

Williams Ct al. IWfi; Bruner et al 199ft). 

The irlpepiidjc TRH is- produced in the puiventriai- 
lur nucleus of the hypoihalamuv and (nansported to (he 
pituitary pars cflisuili^ by (he hypophyseal portal system 
in the pituitary stalk. In the pituitary gland. 'I'RH binds 
to specific receptors on ihe thyitrtrupe cell and sliinu- 
IjLcs TSH Bcneiidti (Fig. 32.2). In the dog. as in other 
species. TRH also stimulates I he secretion of pmbetin. 
The hypothalamic hormone somatostatin acts to inhibiL 

TSH secretion 4md may fuitctn.ni as a thyrotropin 

irilai hsCLirv factor (Rdchlin 1986). 

Negative-Feedback Regulation. The neptive- 

feedburit effect of thyroid hormones tin the free or 
unbound form) is the principal meduniun regulating 
TSH secretion. Tonic stimulation by TRH has a per- 
missive role in TSH secretion. The pimitiy tiiproirope 
cell completely dciodinuLes (derived from the 
plasma) to T„ which subsequently inhibits TSH syn¬ 
thesis and secret ion through al lend ion of nuclear recep¬ 
tor binding. mRNA transcript km, and protein synthe¬ 
sis. Circulating T h taken up by the pituitary is the 
preferred source of T, in the pi tuiury, al least in the nit 

(Larsen ct id, 19ftt). In human patients witii hypotiiy- 
roidUDU thyroid replacement therapy with l.-T, nor¬ 
mal i/es serum TSH eonocnlratirms only when the 
serum T, value is high-normal to slightly high; scrum 
T concentrations usually remain within mirmat range 
in these patients, (Fish el at. 1987: Larsen el ali. 1981}. 


There is also evidence that thyroid hormones may 
have a direct negative-feedback effect on I he hypothal¬ 
amus Eo inhibit the release of TRH (Fig. 32.2). Also, 
TSH and TRH may have "short-loop" And "ultrashort- 
Loop" negative -feedback effects. respectively, upon Ihe 
hypothalamus In inhibit TRH release. Although pulses 
of TSH secret™ and an evening nse in serum TSH 
have been described in humans (possibly resulting 
from a fall in circadian circulating cortisol concentni- 
tbns), studies in the dog and cat have faded to demon¬ 
strate such a circadian rhythm in circulating thyroid] 
hormone concentrations I Fish el al. 1987: Larsen el al. 

19*1: Mggner 1990; RdchUn 1986: Homer * al, 
1998). 

Mft:itHilism ihf Tin mid Horn-mire, The metaholkally 

active thyroid bonnimes are the iododiynHiirKi L-thy- 

mxinc (i,-T4) and 3,5,3 J -1 -e ri iodolhyrnn ine i i.-T ) (see 

Fig. 32.3). Thyroxine is the main secretary product of 
the normal thyroid gland. However;T,, which Is about 
3-10 times more potent tlutn T r as well as smaller 
amounts of 3_.V.fT-i.-iri icfdrvthyrofiine (rev erse T ( ; a ihy- 
romi metical Iy inactive product) and other deindiimated 
metabolites are also secreted by the thyroid gland of 

most iriammuk (Figs., 32.2 and 32.3) (BohdttW el al. 
1974: Ferguson 1984; luada cl al , 1975; Kaptein el al. 
1993, 1994; Lauiherg I960). 

Although all T, is, secreted by the thyroid, a consid¬ 

erable amount (4CMSO% in the dog) of T, is derived 

from extrachyroidal cn/ymaiie ^‘-deiodiiiaiiom of T,. 
Therefore, although it also has intrinsic metabolic 
activity. T, has been called a "protM5rmanc.“ and its 
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E1G,. 3r2u5—Fmiways of nstitibufiain of thyroid hormoKa. 5 J -D = 5'-dciodinasc 5-D ■= S-tifafoflinfi&e (Reprinted 
from FHfJiHM 1984,) 
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df thyroid tantieme is known to be VCfy Large, In Che 
dog. over 50% of I he T 4 and akun. 30% of the T, pro¬ 
duced each day are lost in I he fet es. In both the dog and 
cal, the efttralhyroidal body stores of T 4 are eliminated 

and replaced in about I day, whereas scores of T„ arc 
lost and replaced twice daily (Kuprehi et al. 1993, 
1994). Such fecal wastage is responsible, in pan. for 
the higher daily replacement doses of thyroid hormone 
required on a per body weight basis in dogs, and cats, la 

is pcKssihle. Nil ah it proven, dun, in some animals, 
dividing the daily cxraL replacement dose may serve to 
reduce the Loss of hormone due to the hepatic first-pass 
sffccl, resulting in a more consistent clinical response. 


Plasma HnrmiJiii- Hindi tig of Thyroid Hormnne. 

Thyroid hormones are water-insoluble lipophilic com¬ 
pounds. Their ability to circulate in plasma is depend¬ 
ent upon binding by’ specific binding proteins, thyrox¬ 
ine-binding globulin fTBG) and thyroxinc-hmding 
prealbumin (TRPA^ transthyretin),. as well as by albu¬ 
min itself. Thyroid hucmonc-bindinp proteins provide 
a hormone reservoir in ihe plasma and "buffer'" hor¬ 
mone delivery into tissue (Fig. 32.4), THFA and possi¬ 
bly albumin also may sene as intermediary earners for 
specific tissue uptake of Ihe hormone by tissues 
(Mendel 198-9: Psfdridge I SSI). The dog has a high- 

affinity thyroid hannonc-binding protein comparable 
lo I BCi in the human, but plasma concentrations of 
TBC in the dog are cmly 25% ol those m the human. In 
addition Its TBC, TBM, and albumin, cireu lacing T. in 

canine plasma appears to bind to certain plasma 
lipoproteins. These include a high-derasicy lipoprotein 
(I3D1L,) chat migrates in the a, region m the elec- 
iraphoKtic pattern and a very low density lipoprotein 

(VLDL3 Lhat migrates in the |3 region. At normal serum 
T + concentrations in the dog, about 60% of T^ is hound 
to TBG P 17% to TBPA, 12% lo albumin, and 11% to 
Lhe KDL,. Thyroxine-binding globulin in ihe dog lh not 

the 

normal serum T a values, whereas Lhe other serum pro¬ 
teins are virtually uissmurtible (ImoJa et al, 1975), The 
eat does not appear go have a high-affinity thyroid hor¬ 
mone-binding protein (such as TBC) but has only 
TBPA and albumin as serum thyroid hormone-binding 
pflHtins. Partly as a result of weaker serum protein 

binding, total T, concentrations are lower* the unbound-, 
or free, fraction of cireuCoting T, h higher, and hor¬ 
mone metabolism is more rapid in most domestic ani¬ 
mals than in humans (Bigler 197ft; Kaptein cc al. 1994; 

ct nl. J983; Larsscn 1987). 


saturated until lhe total T 4 concentration is- sis ti 


Tixsinf Thyroid Honuone Uptake; The “Firt llor- 
mime” HvpctilKsk The free hormone hypothesis, 
proposed by Robbins and Rail 40 years agn and 
restated by Mendel, stales that il is the unbound frac¬ 
tion of tarmone which is- available to tissues and there¬ 
fore proportfoiial Lo the action. meLabcdism, and dimi- 

naefon of that hormone (Robbins and Rail 196ft 
Mendel 1989k This hypothesis- ha* stood the clinical 

test of ihe past 40 years; direct or indirecL measure¬ 


ments of free T. have been a mainstay in the diagnosis 
of thyroid disease in human medicine. There is also 
sifting evidence that certain cell types actively transport 
nr exchange thyroid hormone from the plasma into the 
cytosol- The presence of a plasma membrane protein 
specific for thyroid hormone transport certainly reflects 
lhe premium the cell is willing lo pay to fcicihtuie entry 


and pissibly concentration of thyroid hormone. How¬ 
ever. some investigators would argue that the nutti 
binding proteins, particularly albumin and! TUFA,, may 
serve to distribute hormones Lo specific tissues, Most 
theories of thyroid hormone exchange liuve assigned a 
passive '"reservoir"' role to cytosolic thyroid hor- 
moiw-biiidi tig proteins, (CTBF; CBP on Fig. 32.4), the 
proteins that retain thyroid hormone in a predominantly 
hound stale inside ihe cell. Little is known about the 


regulation of these proteiffi, which are often called 
^intracellular albumin” because of Lheir low specificity, 
Low affinity, and high capacity. However, in renal 
cytosol, the affinity of CTBP may be acutely regulated 
by cellular redox potential, increasing when nicoti¬ 
namide adenine dinudcoLide phosphate UNAPFII) lev ¬ 
els are high (Burrow et al. 1989; HishkauK tit id. 
1987; Kaptein et ul. 1994; Mendel 1989; Pardridge 


19811. 


Irrespective of lhe mechanisms, the following obser¬ 
vations in the clinical patient must he recognized; 

E. The Linear correlation between the serum free T, 
concentration. rate of hormunal degradation. and basal 
metabolic rate iin humans, 


2. Tlie invert correlation between the serum free T 4 
concentration and the cellular distribution volume of 
T. t which tijeiats in all subjects regardbess of thyroid 
state. 

3. The poulivc correlation between the in vitro per¬ 
fused organ free T, concentration and tissue T upLake 
andT, production in vivo and in vitro. Most researchers 
agree that Lhe steady-stale tissue concentrations of hor¬ 
mone are Ihe driving force for thyroid hormone metab- 
olism and action (Mendel 1989). 

hi ihe healthy euthyroid dog or col, atouai 0,1% of 
Intel concentration of serum T. is free (i,c. B nut bound 
10 thyroid hormone-bin ding proteins), whereas about 
1% td circulating T, is free ( Ttig iuaM ami Peterson 
1992; Kaptein et al. 1994). lhe proportion of free hor¬ 
mone may change in response to drug administration or 
illness. For example* plasma compounds in uremia 
(possibly free fatty scads) compete for hormone Nnd* 
ing. resulting in a transient increase in free serum thy¬ 
roid hormone concentration> hut decreased total hor¬ 
mone values (Ferguson I9HH, L9H9b, 1994). However, 
it appears that the thyroid status of Lhe animal does not 
change, since Ik absolute level of the free hormone 
LLHieenirsnions lends to soon return to within normal 
range or remains relatively constant (Ferguson 1988. 
19 B9b, 1994). 

Most evidence suggests that the thyroid hormone 
uptake by tissues is proportional to but not limited to 
the free, or unbound, fraction of circulating hormone. 
Approx imaieJy 5(N60% of the body's and 90-9591 
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TABLE 32J—Kdathv nudcar biitdiny; uffiiiiifiY 
of thyroid honuoike unions tu T, 



Relative binding uNicmv 


a, -1 

i) 

Ami log 

In vitro 

In vivo 

L-T, 

1.0 

1.0 

i>-T, 

0.6 

tt.1 

TriiofJc^NyTowicitic acid tuniacl 

1.6 

1.0 

EupfW/l T. 

1.0 

1.0 

‘T-. / 

0.1 

0.1 

relniiLHk1hvnKK.x.'Lie iu:id C IlIhil’ i 

ii. 1 IS 

IVI5 

3^J-T (revroT,) 

0.001 

0 

Vhsfiniciilrilymsim* 

0 

■0 

DiiodciyrDync 

D 

0 


Scmrw OppcnhriiiKr I9S3. 


metabolic activity, L-T, is 3-K? times mot potent an 
binding in the nuclear receptors and similarly more 
pnleml in stimulating oxygen mnsunipIiEMi (see Table 
32 ..Vl Except for the deamidated farms of I. jnd T. 
(EetraiodtoihynMceiic tic id | Tccrfc] and ui lodoihy- 
roacclic add [Trine]. respectively), most thyrakl hor¬ 
mone metabolices have I id le Ehyromdroelic activity. 

The effects of thyroid hormone fan generally be 
divided into those ihul are rapid and evident wiihiil 
minutes to hours- of udminis-lraLton, such as tttimulatkm 
of iiminp wad transport and mitixhcindrial oxygen con¬ 
sumption* and those lltal require protein synthesis and 
a longer period of time (usually no sooner than six 
hours) to he manifested. Of course. Che clinical mani- 
fiMsniwis may require weeks to months to clearly 
appreciate. Alxwi one‘half of ihe increment in oxygen 
eunsumpl ion produced by thyroid hormone has been 

related to activation of the plasma membrane -bound 
Nii\K + -ATPase. which, at least in the kidney and liver, 
is secondary to iihreuAca- in passive K + fluxes caused 
directly amd primarily by thyroid hormone via m yd 
undetermined mechanisms, These dlaHg.es have been 
linked directly to the catorigcnje effect of thyroid llOr- 
rtWMW, The rapid hn.Hrmi.me efleets can he observed clin¬ 
ically in the hypothyroid patient starting on thyroid 
repl-iiccment therapy by signs such as increased phy&i- 
tal md menial activity i Bra verm an and Uiigcr IWI; 
Burrow el al. 1989; Greenspan I W4)» 


Nuclear litrepliir-Mvribl^ Effects- of Thyroid 

yonmone. Chronic effeefc of thyroid hormone immri- 

ahly are related to the cellular actions of Mil- iKiniHirie 
requiring interaction with nuclear T. g receptors toj- 

Lcwfld by ;m iiBcrease in protein synthesis. Clinically, 
these are effect* such m gn»wlh. dilieTentiation. prolif¬ 
eration, and mature! ton, A common elinkal pre^nLa- 
lion of thyroid insufficiency is Mlmerel sy miiiet r ivy I 
alopecia, ihe result of diminished turnover of shafts of 
hair within the hair follicle, resulting in greater num¬ 
bers of lelopm (inactive) hairs. Such changes arc slow 
in onset and, upon ireuimcnt, slow to revive, 

Free thyroid hormone is translocated by passive dif¬ 
fusion in 1 specific plasma membrane carriers to hind to 



F : IG. 32.6—Model of Ihe mcdijiion of T, action by nuclear 
thyroid hormone receptors iTftk T either enters the ceil iai 

deputed) Of is derived (rum irtlniceHuIjir dciotflitiiilkici irfT^ 
Nun lea? inlL'raJ nm hcCuWFri a. X hiumd I K liiM ;j 4hy-n>n 1 
Sinmvcseie-rcspwisiv? element (TRE) result* in incremicd m 
clecreused activity nf RIVA polymerase 11 i PVil II) an a T t - 

iwpwiriwff gene, The TRE is indicated as containing two 
half-sites, and ihe HR may hind as- ii diner Effects on 
mRNA levels are translated into Inowed or decreased! cel¬ 
lular coiiceniraiioni of protein* so us re promote dilliemcia- 

Inin, iiHLilkii;10 priKCswrs, luiiJ cither ocIL-apei:iT il: l I fatti i:>I 
T,. In the abiLniLC tif T |t Lhe TRE hound TH may repress 
lu.>al Iraiiscnplsnii. c*fr&A2 li^Zj, Ihe man-T,-hind ins splice 
vanani , can inhihii Uk cMetis of T,-t™nd TRs by a media- 
Tiism ihot has not yet been estaWishL-d. pfobahty involving 
heUenodinwr fomnalicwi or compeilhon for Ihe TRE. A similar 
mcehanbm is likely to explain ihe dominant negative dfm 

df the V-rrfcA I' fkxjfMuLC ifi aiwi rimtakxl TKs. as nt the svii- 
dromes of gcfiemih^cd nsistfem iu I r (Repriniird fmni 
i.a^ar and L'hm lWO, Fig-4-M.) 


CTRPiis ;i form of inirawKular liwmone stsmige. utl in 
cquilihrium wiih specific nuclear ihypoid honmoiw 

receptor* (see Fig. 32.6). The nuclear receptor tor T 
1ms been cloned a. nil is j member of a IdmUy of reeep- 
lors LhuL is similar to ihe Mrii A receptor (which is a 
receptor tor the mi an crylhroblastosis virus) nnd 
includes the nuclear glucoeonicnkl, mincr;il<>coriivi>iiT 
cslrugen, progeslan. vilamin D-.1, and retinoic acid 
receptor*. The human thyroid hormone receptor (hTR) 
exisl* in ai leasi three forms: hTR-ef hl R-ct2. nnd 
hTR-fU The «.J unit |tl forms are ttsucillHl wiih bio- 
logica] effects. Each receptor contain^ |lw« dofiuins: 

Lari ami no torminal sequence lhai enhances receptor 
activity,, n antral DNA-feLndinj* dbmuin. and, a ear- 
hoxyTtermiitaJI herfmone -to indiiig domain, The thyroid 
hormone receptors are the specific thyroid 
hc:innonc-rcspi-ir%ivc clement (TRE) sites on the OKA 
in Che absence of T' r L-T n binding to the receptor 
results in stunukAJon or. in some cases, inhibition of 
the trenHcripckin of the genes, with changes an messen¬ 
ger RNA lewis, emoodtiifg the protein produce ul ihe 
gene* that mediate the ultimate thyroid hormone 
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b w togk i l nspout When an. ration i* mediated via the 

nuclear I rcceprof, [he binding affinity of thyroid 
analogs directly predicts the biological activity of that 

analog (see TabLe 3*2-3 X 

liMmnuiltar Actions of Thyroid iEnniicHH'. Some 
of the actUiiii of thyroid hormone occur in the absence 
of new protein lynthcsuL There arc direct DoageDonbe 

effect of ihyroid hormone, such as the redt*ct ion of 
pituitary lype II .V-deicklimisc enzyme, as well m sim¬ 
ulation ui glucose and ammo acid transport and LV- 
ATPue activity in the red blood cell membranes of 
wme spvcies. A mitnchondrial receptor has also 
been identified and has been pustulated io mediate (Ik 
activity of the r nk ocftoo dri aJ ATVADP lmukK*K 4 
indirectly stinmikuing oxygen comompban (Geho^hu 
ct ah1994), 

Phyidotoglc find Pnssfhte Pharmawloglc Effects of 
Thyroid Hormone, Thyroid hormone * , Sn pfayikriogf- 

caJ quantities, rue anabolic. Working in conjunction 
with growth hormone and insulin, protein &ynthc*i* is 
stimulated nnd nitrogen excretion. is reduced. However, 
in excess (i.c., hyperthyroidism),, they can be caLubolic, 
with an inciHH in glii co a w g wwii, protein break¬ 
down. and nitrogen wasting. Table 32.4 summarizes tlw 

multiple organ effects of thyroid hormone* and the 
clinical manifestations of hormone deficit (hyputhy- 
midnun). 


C\\ .ORKTEKESIS AND THERMOKEG4."I ATIOH. Thy roid 

hormones increase oxygen consumption and heat pro¬ 
duction to a large extent by stimulating Na\K r -ATPasc 
in all tissues except the brain, spina and testis. As 
such, thynoid hormones determine Ihc hasal i.resting) 
metabolic rate (BMKl ol the animal. A reduced EJM.K 
results in mental dullness, lethargy, an unwillingness Lo 
exercise hypnlhvrrni-ii, imd the imdtflcy fof llhu ;iniinal 
lo sect heat \ Greco et al. I998L Onee-daiLv udmitiis.- 

ip 

tration of 0.022 mg/kg was sufficient hi normalize 
l*MR when meavurcd by indirect calorimetry. Clinical 
signs in 93fl t*f ihe dogt either Improved car w^re com¬ 
pletely resolved. This dosage was also shown to sup¬ 
press TSH values to iwklHtiHf levels in most rhy- 
roidectomized dogs (Ferguson and Koenig 1997). 

Emcrs ox Growth and Maturation. The fetus 

in most mammals m dependent on its own shy mid 
accretion. Thyroid hormones sre cncipl for growth and 
development of the skeleton ami CNS. Therefore, in 
addition to I he well-recognized signs of adult-onset 
hypothyroidism, prominent signs df congenital and 
juvenile-unset hypochyroidivm are disproportionate 
dwarfism and impaired nrental development i cre¬ 
tinism |, With primary congenital hypothyroidism, 
enlargement of Ihe thyroid gland (footer) in also often 
observed. Puppies, ktltens, and foals with Ihi-s condi- 
tion are behuviorally dull and less active and may have 
a shuffling gail and a pour uppeliLe. On neurological 


TABLE 32.4—Physiiilni^iesil effects of thyroid hormone 
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examination, the animal is, often wcok and hyporefte&ic 
or hypcficflcxic (if tine is muscle tremor or spascidiy) 
and may lack conscious proprioception. Angular tkfur- 
miiies have been observed in fouls. Radiographic \igns 
of undcrslcve loped epiphyses,, shortened vertebral bod¬ 
ies, iirnJ delayed epiphyseal closure uje common. 


tissue, and lymphocy les. In liypcithyruidivrri, tachycar¬ 
dia often results fitriti Ifakt mechanism.. Htyrnd hor¬ 
mones also decrease a-adrenergic receptors in cardiac 
and vascular tissue. In hypothyroidism, the sensitivity 
to catecholamines in the peripheral vasculature; is 
increased and may lead tn peripheral hypothermia 


Effects m Lipid and CARBotfYDitATE Metaho 

LISM. Thyroid hormones increase gluconeogeTtcais 
and glyeogmoly^LS, contributing to their in&iilin-onLiig- 
onisiic properties, Cholesterol synthesis and degruda- 
lion arc both increased by thyroid hormones and are 
mediated by an increase in hepatic low^Jensity lipupru- 
lem (LDL) receptors. Therefore, hypercholesterolemia 
is u common finding in hypothyroidism. Thyroid hor¬ 
mones Stimulate Itpolysis, releasing laity adds and 
glycerol. Obesity may develop in some hypuihyrakJ 
animals despite a normal appetite and caloric intake, 


DEWitCrOLQtilC BftUIS. Thyroid hormones in phys¬ 
iological quantities are accessary for normal hair and 
skin turnover. Thyroid insufficiency results in an 
increased percentage of Lclogcn (inactive) hair follicles 
and an increase in keratin and sebum production. Dry¬ 
ness of ihe hair coats excessive shedding, and retarded 
regruwih of hair are early signs of hyperthyroidism in 
dogs. Alopecia* present in about cwo-thirdb of affected 
dags, is usually bilateral jmd lymmiKrkal in dktributiion 
and h most obvious over points of friction, such as (lie 
ventral trunk and neck, axilla, and lail ("ftl-tai! 1 ' appear¬ 
ance); hut al*n is IX 41 WH 1 in the perineal area and the 
danhi of Ihe tail and nose. The alopecia is classically 
nonpruritic unless secondary sdbarrhcaor dermatitis has 
developed. Thickening of Ihe skin andlbr the develop¬ 
ment of myxvtkiiiii (MjbcuUuieuus accumuliiliun of gly- 
cosam inaglycOTS) develop in some cases. Myxedema, is 
most prominent in the facial features, w hich may lake on 
a puffy or "tragic" appearjtnec. The type and dtatribuilon 

of dermal fatty acids can even he stimulated by replace¬ 
ment dosages of thyroid hormone in euthyroid animids, 
ft is possible that this effect is truly a phimnacological 
effect of thyroid hormones md might explain, the 
improvement in (wrcwl Ihni same dogs experience fol¬ 
lowing thyroid hormone administration even when dtag- 
nostic tests fail to confirm hypothymijdism. 


CAJtnDVASCULAR Effects. The major physiologic 
tffocli of thyroid hormones. on the myocardium are f I) 
a direct positive inoLropk effect, (2) sumukiEiLMi of 
myneardial hypertrophy. and (J) increased responsivc- 

ness to adrenergic stimulation. Thyroid hormones 
increase ihe sarcolemmal Na\K"-ATPase activity and 
furor the transcnpLion of the tt. or "Tast-twitchT form 
of the cardiac myotkn AXPa&e. improving cardiac con¬ 
tractility. Gn addition, myocardial contractility is 
improved by increasing the number of L-fypc calcium 
channels and enhancing sarcoplasmic reticulum cal¬ 
cium uptake and release. 

Thyroid hormones increase the number of p-adren- 
ergk receptors in the bean, skeletal muscle, adipose 


NELIRjUMUSLULAK EFFECTS . Thyroid hormones 
stimulate the synthesis of many prutdm associated 
with normal nerve and muscle activity. For example, 
nerve KaMK r -A'l'Fase and fast forms of the myosin 
ATPa.se in muscle are stimulated by thyroid hormones. 
Myopathies have also been associated with hypothy¬ 
roidism in domestic animals. Severe muscle wenkAewc 


and delayed reflexes may he the clinical manifestation-, 
or the signs may be vague, such as stiffness. reliuctancc 
to move, and! muscle wasting. Facial muscle and eyelid 
weakness (lip and l id droop] ami humble to cranial 
nerve VII paralysis -or paresis, has been observed in 
tings. Also, head lilt may he observed consistent with 
vestibular nerve disruption. These changes are likely 
due la the swelling of and around ihe dural sheath of 
the facial, vestibular, and cocWear nerves as they puss 
through bony foramina in the facial bones, Hi lateral 


laryngeal paralysis has heen associated with hypothy- 
roidism in dogs as well. The palhaphysiology of 
polyneuropathies associated with hypothyroidism is 
poorly understiKxJ bill ffliy be due to altered neuronal 
metabolism Segmenlal demy-el inaL ion and axomipalhy 
have also ben 4how£L Alternatively; compressive neu¬ 
rologic abnormalities may he the result of tissue 
swelling (myxedtema^rivund ihe spinal cord or periph¬ 
eral Km. Clinically and electrodiugnostically, the 
polyneuropathy is indistinguishable from those caused 
by other diseases with hypnrcfLcxia, slow nerve con¬ 
duction velocities, fibrillation potentials, and positive 
sharp waves on electromyography. Although extremely 
rare* CMS &igns of seizures disorientation, and circling 
also have been reported in hypothyroid dogs with ccre- 

taovjisculer ulhemsclerosis caused by the hyperlipi¬ 
demia associated with hypurhyroidism. Severe mental 
obtundation can also be observed in the syndromes of 
cretinism and myxedema coma. 


G A STROIN TIES'T1HAi L EFFECTS. Studies in bypodiy- 
rmddogs have nitrated a decrease in die intestinal 
and gas trie electrical and mlor activity. Although 
hypothyroid dags usually have normal bowel movc- 
ittfcrtta. constipalitn and diarrhea have also been 
observed. 


Reproductive Effects. Normal thyroid hormone 

concentrations apjieiM- to be important lor normal 
reproductive cycling of mammal*. HyfWtityfOidtam has 
been associated with a variety of reproductive distur¬ 
bances in -dogs ;md bans. In breedinj' bhdw, pcrKtrii- 
enl or xptiradic ancslrusi, infertility, ubtutiint, und hijjh 

puppy mortality hive been observed. Galuttorih^ii ih u 
rare si^n of hypodiyirtidtitni dun develops in some 
intact female nhniic mammae have been prink'd 
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separate doses g iven at 12-hour intervals. BticitH of 
the significant intracdlular capacity for storage of 1‘ r 
particularly in rapidly exchanging pools like liver and 
kidney., ihe imilat oral dam of thyroid hormone may 
lx- sutfeluvtijiHjr distributed i mo tissue sktftis. As previ¬ 
ously outlined, hypothyroidism reduces the deiodina- 

tivc and canjugativc rale of thyroid hnrmnne me La ho¬ 
lism Division of the daily dose reduces the metabolic 

effect of a hoi us of thyroid hormone m hypothyroid 
tissues ;md decreases the “one-pass"' effect {i.e,, hepatic 
memholism and excretion of a portion of a bolus dose 

of hormone before ever reaching the systemic circula¬ 
tion). During the ini i ml days to weeks of repkement 
therapy in a hypothyroid animal, die hormone stores. of 
Che liver and kidney are repleted to euthyroid Levels and 
then can serve to “‘buffer'" serum ctKinrentrations when 
the eircuIdling hormone ‘"store"" bound to binding pro¬ 
teins he gins to he depicted. The clinical result is that 
many hypolhyroid animals can be mainiained on once- 
daily T. therapy despite the fact that the serum half-life 
is much shorter. In humans, it seems that clinical 
improvement and suppression of scrum TSH can be 
maintained hy any Teplucemenl regimeu that, over the 
course of a duiy. leads to ;i normal average serum con¬ 
centration ttHnui leading to fine acute to&ic effects of 

thyroid hormone. Although the serum T. cnnccniraiion 
might be high at one Lime of the day and low at another, 
Che tissue response “mtegrales" the serum concentra¬ 
tion throughout the day, thereby re Cl eel .mg the average 
concentration, Onee-daily i^rniniyirjiion also leads to 
greater compliance by owners., In an animal rhut has 
responded lo twice-daily iherapy, the reappearance of 
clinical signs of hypothyroidism on a once-daily regi¬ 
men should he a signal to return to the successful 
■wive-daily regimen. Because Ihe metaholKm of thy¬ 
roid honuune changes with correction of hypothy¬ 
roidism. dosage regimes should he reassessed by clini¬ 
cal and lubonilory entena alter at least 4 weeks of 
initial therapy. 

i.-Thyruxinf. Dob acts ™t tub Cat, As in the 

dog. the reciifiimeiided treatment for feline hypothy¬ 
roidism is daily administration of L-T., using an initial 
dose of 0.1 -0.2 ngMty. This dosage -should subse¬ 
quently be adjured on I be basis of the tm's clinical 

response and posipill scram T, evaluation fas described 
below under Monitoring Therapy). Complete resolu¬ 
tion i*l clinical signs can usually be expected in cats 
wirh iMili.ilt-onset iatrogenic hypothyruidism. However 
the mental dullness and dwarfism that develop in kit¬ 
tens w ith hypothyroidism usually persist because of the 
time elapsed between wteei and diagnosis in these cats 
(Peterson anti Ferguson 1990.; Rosydmk 1982k 

L-ThYROXINEI DOSAGES eor TUB tfoftSE, There is 
little published infnoittliM establishing therapeutic 
criteria for l-T 4 dosing in the horse. The oral l-T, 
dosage required clinically appears io depend Largely un 

the form of hormone (crude vs. synthetic) used for 

replacement Iherapy. 


Synthetic L-Triiudutliynjiiiiie. AJthough T, is the 
active intracellular hormnne. there are few valid ren* 
sons to use ihts product feu rep I acement therapy and 
some good reasons not to use it. T t iherapy is nut phys- 
iologieiil. m it by passes die final cellular reg ulatory 
step of S J -deh>dinalion of T, (see Fig. ."52.7). T, does 
have intrinsic ibyrorminetic activity. Its role is purlieu- 
lurly Important in the CNS and pituitary 1 , tissue* in 
which normaliuikm of die intracellular T, concentra¬ 
tion depends upon the normaliiation of both serum T, 
end T r Treal, mem with T, akme may provide amounts 

sufficient fur organs like ihe liver, kidney, and heart. 

which derm a high proportion of T, from plasma- 
However- the brain and pituitary, which derive a major¬ 
ity of their T, from T 4 intracellularly; may then be defi¬ 
cient in thy roid hormone. Conversely, T iherapy ade¬ 
quate fur the twain and pituitary may he excessive I'nt 
the liver, kidney, and heart (see Fig. 32.1, lop). 

At present, it cannot be recommended thuit T. ther¬ 
apy he instituted in the ‘Tow-'l syndrome" associated 
with ncMUthyroidal illness. Because of its higher oral 
bioavailubklUy. it may be used to improve the clinical 
ffeputifte in u dug with demonstrated or suspected poor 
T. absorption in which posttherapy serum T + and T, 

concentrations remain, low despite increases in the oral 
daily T dose. T, therapy may he indicated when thy¬ 
roid replacement is necessary because of the simulta¬ 
neous administration ol" drugs, such as glucoctnticoids, 
Ihal inhibit the conversion of I to T,. 

Anecdotal reports suggest thut a small fraction! of 
hypothyroid dogs convert T a to T f poorly in the absence 

of obvious mnlhymidal illness and, therefore, do not 
respond io L.-Tj iherapy. T therapy has been recom¬ 
mended in these cases as an adjunct io T 4 or as sole 
therapy. The most likely cause of apparently tow serum 
! concentrations and normal or high T. concentrations 
follow ing ;T A therapy is the presence of antt-T, anti bod¬ 
ies. which, in certain T radioimmunoassays, will result 
in an extremely low reading for the T, concentration. 
This observation is an in vitro artifact that has no rele¬ 
vance to the choice of replacement iherapy product*. 
Because the binding capacity of antithyroid hormone 

antibodies is easily overcome in. most cases, it is rec¬ 
ommended Lhat usual dosages of l-T, be administered 
and the dnse incfeued (if needed) until a clinical 
response is -seen.. The poMtreajmefvt serum T, concen¬ 
tration should he ignored in these dogs with T, auman- 

Libodics ( Ferguson Rosyehuk 1982). 

TKliyUCri HYKOMNE: (T.) SlIFPRMSION TfcST IN THE 
Cat. As part of a workup lor hyperthyroidism in catv 
the udimniviniLion erf L-T. is utilized to evaluate the 
autuiiumy of thyroid secretion from Lhe influence of 

pituitary TSH. l-T, \* udminiM.ered ut a dose of 25 p.g 

every K hours for 2 days, giving a seventh dose un the 
morning of Lhe third day. A blood sample for serum 
T, measurennent is taken before T, administration 
Util uguin iU 4 hours alter the last dose. Presumably 

mediated via u fall in pituitary TSH. scrum T 4 is 

depressed hy at least 50% in normal cuts, whereas little 
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suppressi™ is seen in cals w ! ii hyperthyroidism 
because TSH is already depressed. The tfctv^nugo. off 
this lest arc that the dons of T, Gill be gmn at home 
on an ouipfiiieni hasis, wish an office visit 4- hows $!Vt 
the last dose (Cctfcs and Peterson 1994: Peterson ansi 
PagukM I 

Effects of Thyroid Mormon® (herdase datrn^nic 
Thyrrioxicwu-k Except for ftnunciid reasons, the con- 
ulxiul miJd overrepfiMJcmcnt is minimal jn insist 
caws because the dog is very resistant in the dk^'etop- 
men I of Lhyrutuxic sign*. This mislunee Lu Iatrogenic 
ttpotoxlcodl is the result of the dug's capacity Co effi¬ 
ciently dear thjmU hormone via biliiuy amJ fecal 
excretion. Animals «n repiKHKOt Ibenpy, piiilicubirly 
with a T,-confining products cud develop signs of Lhy- 
mtnxicL-KtiH; however, the incident® ai recommended 
doses is rare. Animak shc^iM he nonltend fur signs, 
suggesting an overdose, including polyuria, polydipsia, . 
nervousness, weight loss, increase in appetite, panting, I 
arid lever. Diagnosis is confirmed by elevated serum T 
and/or 1\ concentrations and I She amelioration of signs \ 
by temporary discontinuation of therapy, hollowing 
accidental ingestion of massive amount* of i T. dogs 
should be treated with activated diuiroul within several 
hours of mgesdon. possibly managed wilh (^-adrenergic 
blocker* if ttcfcrjcftrttk . and heart rate and body Lemper- 

irture shk.*olJ be ctrefiiDy nentond. Clinical experi- 
HH ha* generally shown chat dug* survive Inlmkuiou 

with few side effects despite considerable elevations in 
scrum T and T, cumjeinnackinh. 

3 I 


Thrmprolk TrinJ for DiflEiuwi* of My pushy- 
m-id i*rn. Itiyruid replacement therapy, wilhouC confir¬ 
matory laboratory evidence of hypothyroidism, has 
been suggested as a valid diagnostic step in a dog sus¬ 
pected to be hypoLhyruid. Although the major factor 
cited in defense of this practice is the cost of the diag¬ 
nostic Leiting lor the owner, it should he emphasized to 
4in WHf cha( rep|yH.®itkul therapy i* generally reoeb- 
saiy for the remainder of the insnaTs life. Therefore, 
an incorrect diagnosis (and unnecessary long* Term thy- 
noid hormone treatmenti can also he -quite expensive. In 
one study of normal dogs given i.-T, at the dosage of 
tj.5 mg/m : twice daily, tine mean scrum T4 response to 
exogenous TSH had *uppne*-s*d to 56% and 46% of the 
prcircaiment value when receuetl at 4 and 8 week* ^n 
treaUncnt, respectively. Four weeks after tmariw of 
j.-T h Iherapy. the wrum response to TSH was still 
slighlly suppressed, indicative of residual thyroid atro¬ 
phy (Paneiera el al. 1990). Ihcreforej, if TSH stimula¬ 
tion testing is used to confirm the diagnosis of hypothy¬ 
roidism in a dug that has recently been, receiving 
thyroid hormone, TSH testing should not be performed 
for al least four weeks following discontinuation of 
thyroid hormone replacement therapy 


Monitoring Therapy, The most Important indicator 
iff the nieces erf ibyrmd replacement therapy is the 

progress made toward, ameliorating clinical signs. 


Before therapy is begun, the clinician and owner 
*llimld lliivTc u clear idea of the goals of Iherapy and the 
time frame in which these goals can reasonably he 
achieved, The reversal of changes in hair coal and body 
weight should be assessed no sooner than after 2 
months of iherapy. In cases in which clinical improve¬ 
ment is marginal or signs of thyrotoxicosis .arc *een, ihe 
clinical ohtirvai ion* can be supported by tlbcnipeutk 
monitoring of serum thyroid hormone ancgflMkHtt 
('"posipill testing^ nearly, the docuincnratism of dis- 
linctly elevated serum T a co&MHtraiion* folkffling T. 
administration and elevated serum T coocentnttk’ftt 
following T administration, concomiiam with signs of 
ihyrortukOAA, confirms an overdose. The intcrprela- 
(nm iff postpaJl serum thyroid hormone concentrations 
in caves iff suspected underdosing can be more compli¬ 
cated because the timing of sampling may be critical to 
the proper interpretation. Ideally, therapeutic monitor¬ 
ing should ml he attempted until subtly-Male cundi- 
tkms are reached, minimally I week after the initaalwn 
iff therapy from a phiinuaeokineLk" standpoint, but 

probably I month after initiniion of therapy from a 

pharmacodynamic and vl in teal standpoint- With oncc- 
daiky T A admimslralion_ ihe peak scrum concentrations 
qfT d generally should be in the high normal to slightly 

high range 4-K hours after doffing ud Jmuld be low 
normal eo normal 24 houis after doling. Given ihe 
ditg fc s resistance to signs of thynjtuxiecjriK, it may he 
reusunablc and ttkqiuk; to check the serum T 4 concen¬ 
tration 24 hours after the previous day's dose. This is 
ihi" muthiK) of choice iff the auDiur, In this situation, 
serum T concentrations should still he in che normal 
range Some odooiiwloiutB prefer to measure ’’peak” 
Tj concentrations al 4 or 6 hours after oncc-ctaily dew¬ 
ing, and wove measure al ’’peak' 1 and L, cirougli" times. 

Animal.s on twice-daily udminisLrjEiLin prohably C4HI v 
checked at any lime, hut peak coneegii r^tLon^ can tx; 
expected at the middle of ihe dosing interval {4-ti 
hours) and the nadir jusi prior to the next dixt. 

Ac dug L S dMt is ^lubilized, ooce- or Lwiee-yearty 

cheeks off wnim T 4 (with u* without TJ uKalntliHU 
are recoflumded. 

mb tJhr r udvent nf Che rtllw TSH assay, monitoring 
therapy became possible by measurement of suppres¬ 
sion of scrum TSH. With che current generation of 
5isMy h TSH ctmcenlratLuns are elevated only in about 
erf usa. In those cues when? it bekrttnl %up- 
premoo of TSH into the Darnal range mr even tower to 
the unriciccrahlc range is evidence tluit ihe body has 

adequate amounts of thyroid hormone in the serum. 
Unfortunately, the ax&ay sensitivity does noi allow the 
distinction of normal values from low values, so csiih^ 
lishment of overircatmcnl and hyperthyroidism is not 
yet possible, [n a study of treatment of chyroidee- 
iomiized dogs, it was shown that dosages as LltLlc ^ 
0.02 mg/kg once a day will almost always suppress 

endpgetmu TSH coottfllntioas inLo the normal lw 
undetectable range. Thi.s oteervattoo eetebUriMfl ihat 
the biologitijl half-life id' thyroid hormone exceeds by 
far the serum half-life (Ferguson and Huenig 1997 |l 
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anorexia. vomiting, and lethargy. usually occurs within 

51 few days after cessation of MMI, but jaundice and 
abnormal serum budRtnkal lasts indicative of liver 

disease may mu resolve for several weeks. ReehaUenge 
with Line drug will again induce clinical signs and serum 
hi chemical abnormalities indicative of hepatic disease 
within a few days. A variety of hematologic abnormali¬ 
ties maty develop in cats during treatment wiih MMI. 
Thuene abnoraitkics that do not appear to he associated 
with any adverse effects include eminnphilia, lynipbn- 
cytosk, »d transient leukopenia with a normal differ- 
eniial coma. As with PTU treatment, iitore serious 

hematologic reactions. which develop in a few cals 

treated with MMI include severe tlwon*ocytcipenia 
{platelet count < 75JJOO , celWmm l ) and agranulocytosis 
{severe leukopenia with a total granulocyte couni < 250 
cclls/mm'). MtM cats that develop severe Lhrornhocy- 
Lopeniii also show cuneomiumt overt bleeding (Le,. 
epimotia, oral lieinonrhuge), Devdtopmeini of agranulo¬ 
cytosis during MMI ireaimem predispose* to severe 
bacterial infections, systemic toxicity, nj>d fever. If seri¬ 
ous hematologic reactions develop during MMI therapy, 
Lhe drug should be slopped and supportive care given; 
these adverse reaction should! resolve within 5 days 
alter MMI is withdrawn. Since most life Lhreuieiiiilg 
side effects (e.g., hepatopathy, thrombocytopenia. 

agranulocytosis) caused by MMI treatment usually 
develop quickly again after recluilkiige with the drug, 
alternative therapy with either surgery « radiowdine 

should he considered in these cases. 

During MMI therapy, serum antinuclear antibodies 

(ANA) develop in a high percentage of cuts. The risk 

of developing ANA appears to increase with lhe dura¬ 
tion of MMI treatment, with ANA developing m 
appnltiiuiely hall df cals treated for lunger than 6 

mornliis. The ri*.k of developing serum ANA also 
appears to be greater for cats irealed with higher daily 
MMI doses, since most cuts that develop ANA are 
receiving duses >15 mg/day. ANA will disappear in 
DADsl cals after the douge is decimd. Despite lhe 

high prevalence of ANA development during long- 

lerm frcaifmcnt with MMI. clinical signs associated 
with a lupus-like syndrome (i.c., dermatitis, pol¬ 
yarthritis, glomcniloneplinfiis, hemolytic anemia, or 

few) have not been observed in any of these cals. The 
daily drug dosage should therefore be decreased to m 
low as possible {while Mill maintaining serum T x val¬ 
ues within the low-normal range), since ANA ickis will 
become ncgiilivc in many eats wiien the MMI diwuiin.' 

is decreased. 


Car DIMaZOLE. The aniiihymkl drug carhmia/ole is a 
carbcthuxy derivative of MMI dial is rapidly and com¬ 
pletely metabolized iu lhe parent compound, w hich is 
responsible for its antithyroid activity, ft is eommorily 
used in treatment of feline hyperthyroidism ouiside 

North America. Garhimaznlc is a larger molecule Ihaili 
MMI; 10 mg of carbimazole is equimolar to 6 mg 
MMI, To achieve the same effect with carbiJtUk&Dlc as. 


with MMI, approximately twice die dosage of ear- 
himaxde is required. Clinical experience in Europe 


describes fewer gastrointestinal sick e fleets lor Ihis 

mwJieiUinn. It i* not apparent from the similar pharma* 
enkindles and lhe conversion of carhimazole to MMI 
why fewer acrkHM. side effects apparently occur w iih 

Lhe use of ttfUaiAEOk for ireatmeni of hyperthy" 
midi sin ( Pdcnwi and Decker 1984). 


Nonlh lowty lene AnttUiyrtM Apetih 

IPODATE. IpcHlate, u biliary radiograph k contrast 
agent, h m proven in both ex, pert mental hyperthy¬ 
roidism and in spontaoeously Iiyperihyroid cuts to be 

an afteriuiive medical uv-icemcni fur paiicnts mn loler- 

aling MMI or PTU. The structure of this, iodmaced 

compound is compared with i -T, in Fig. 32.9. In a 
study of cars in which hyperthyroidism was experi¬ 
mentally induced by lhe administration of T t . ipndalc 
signiricirfrcty reduced the serum I' catfeentraiioriss and 
was well tolerated by otherwise healthy Cili At the 
dost- uf 15 mg/kg BID orally, some eats, with sponta¬ 
neous hyperthyroidism anecdotally have shown 
iftipmvcnvcnL of clinical signs associated with a fall in 
serum T_ even when scram T. cunccnlrations do nut 

3 # 

fall. Although not yd studied, higher doses may resull 
in a flail on serum T 4 , Because ipodne contain* 62% 
organic iodine, it should not be used immediately prior 
lo radioiodine ihempy. A withdrawal period of 3-6 
months before definitive nidioiodiite ihempy is recom- 
mciided in human palieuK Although nut yet studied in 
ihe cal , a considerably shorter period off of indication 
is likely sufficient to allow washout of the drug and 
excess iodide. In addition lo blocking thyroidal and 

peripheral hormone synthesis and dededinafion like 

PTU, ipodate may also snlerfcre wiihihe action of thy¬ 
roid hormone at Lhe cellular level {Chopra el fiL I9H4; 

Ferguson #1, id. 1988; Murray and Pctcrstm 1997k 
Rahkjactivi looiNt ( im 1) Therapy. Although 

only available in specially referral centers, radiniLKline 
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HG. 32.9—Comparison of ipodate and L-iriiodoihyronine 
sum'cures. 
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treatment i.v the mewl effective ml appropriate cure for 
tusic goiter in Lhe cal because it selectively destroys the 
ruiKiionift£ Lhyroid i\witf after bdlug wkiivciy uiken 
up and- iih;yqx»ftHi?d thyroid hormone precursors im 
[he thyroid gliutd. Then; is rarely, if ever, damage to the 
nearby [bsue responsible fur regulating scrum calcium 
by the sec return of pmlhyiDtd hormone and calcitonin. 
Iodine-131 has a halt-hlc of H days and produces both 
gumma and beta radiation. The beta particles, with a 
short puthlcngllr. produce must of the local tissue 
deMmclinrt, RjuSotodllK is also used in much higher 

doses in an aitempt id oblate thyroid aikoocaidDomas in 

rtts imst dugs. Folkwiqg a therapeutic dow (generally 
1-5 millicuricsj of '''l, the HnnD T 4 juhI T 3 ccflcentre- 
lions will normalise within I -J wkIv The efficacy of 

wBnifflte i* reduced by recent antithyroid medical 
therapy, at these drugs reduce ihe long-term iiKorponi- 
tJoo nf ii.Hj.iiit Into the thyroid gland and reduce radioio- 
di iHfr therapeutic effect. The major disadvantage of 
radmiodinc dh-Tupy i:s ifcri cen^in radiution safety pre¬ 
cautions must he taken. RwJioiodinc is secreted in ufivi 
*mdl excreted in trrine and fins As such, hmulling of the 

cat'll hair coal tw waste IMy result in CMftaainatiHL 
Unlike human palients. who may receive therapeutic 
dnsesiun a outpatient basis, mdModbK4reilcd cats must 
be heftpiitaJi/cd for pcrkxLs of 3-4 weeks, depending 
upon the dose administered iw! ihe radiation *aftty reg¬ 
ulations. Despite these drawbacks, radioiodinc ihcrapy is 
the least invasive cure lor bilaJeral adenomatous goiter, 
has no hypoparathyRjfdisin tM ttnddSy associated with it. 
and ciul be implemented without anesthesia or sedation, 
an important. wflMdefiition in the elderly cat wiLb other 

medical coopUcadm (tOntM Pti-eram |W| B 
IW4, Meric ci ah iQKfci. 


THYROID IMAOENO, Thyroid imaging if performed 
using radioactive- iodine or HH, TeO - " tpeneehnetatek 
w hidk is token up by mechanisms similar to iodide but is 
ru* ithecvpufiited into isidothyronines on thyruglubulm. 
Because of its rapid uptake and mowed safety, tech¬ 
netium can be given in higher dugratk dotes and pro¬ 
vides a better image thru* radioiodinc. A se-miquarmtacivc 
comparison nf technetium npudke to that of the salivary 
glands., which also Lake up iodide, can be used to assess 
increased uptake. Thyroid imaging also aids Che diagno¬ 
sis when sin nh-viLHLs ^ilai^ment of one thyroid lobe 

exitt. Imaging punicularl) 1 useful in live diagnosis of 
the 30 % of cases iM are doJUMiL ms the funtfmn of ihe 
contralaJeral kibe is supprc^wS an4 not apparent on the 
scan. Thyroid imaging is also useful in cats with jideon- 
mas that have slipped into the mediastinum or the 1-2% 
of cats with u^mocarcmomas (hat have a tendency to 

metasrasL^je by cnension into the mediastinum (Kindfir 
*bdFefcf»o J99L 1994). 
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GIATOCORTICOIDS. GlumonkoMs art among 
the moat widely used (and misused) das* of drugs in 

veterinary medkine. fkspite this, scientific informa¬ 
tion on glucocorticoid therapy in most domestic 
species, is scarce, particularly with respect to optimal 
dosages and dosage intervals, physical and coddoinc 
side effect s„ and effictKy in clinical upplicationv 

Therefore, therapeutic protocols arc often the product 

of clinical experience, common schmz, and informal ion 
from human medicine. Though the following discus¬ 
sion emphasizes systemic use of glucLKortkoids. it 
should he recognized dial fecal application (oph¬ 
thalmic:, oik; intniH&rtkiikr, topical, iiiirsitesiional i also 
has similar systemic effects. 


MirtJgftrnCni nf liypaadnrnociirlicism. Spontaneous 
glucocorticoid, deficiency without concomitant miner¬ 
al wurticodd deficiency is a idatiwly rare uccurrence in 
dogs, the species that most commonly Millers from 
Addison's disease (glnco- and ifunefaljocorticoid defi¬ 


ciency). The underlying came is suspected In he an 
immune-mediated ckslnjction ml the adrenal cortex, 
muting replacement of the physiological hormones 
aldosterone und cortisol (in most domestic animals) to 
he the primary clinical! goal. Spontaneous selective gfe-- 
CDtoTtiDoid deficiency’ is rare: however, exogenous glu- 
ccKorlkswds may 1 hem selves induce selective atrophy 

of the glucGieoiTicuid-proditing pan of the adrenal cor¬ 
tex (zonal 1 fiisciculalu zind relicul;ms|i (Addison IS55; 
Feldman and Nelson 1987; Ferguson L9B5o; Ferguson 
m at. I978i Hoettig and Ferguson 1991 bh 

Manu^cmcnl uf Ift-onadrenal Disorders j Inflummu- 
ton p Allergic, and Autoimmune Disorders, Gluco¬ 
corticoid* are potent ami-inflammatory and immuno¬ 
suppressant agents. The majority of therapeutic 
applications for these agents fall into these cLavdficar 
ticulA. However, the adverse mclaJbobc effects, as 
described below, art difficult to separate pharmacolog¬ 
ically from the therapeutic making glucocorti¬ 

coids potent, yet potentially dangerous, compounds. 


Review uf I'hysiu-Jogi 


Biosynthesis of Sramins. The adrenal cortex syn- 

ihesizes a variety of steroids from cholesterol and 
TeteaMrs them into the circulation. Those steroids with 
effects on intermediary metabolism arc termed “gluco¬ 
corticoids,'" and are produced mainly in the layer* of the 
adrenal gland called the zonae Fanticubtia and reticu¬ 
laris. The steroids wilJi primarily s^ll-retaining Activity 
are called mmeraloeorticoids and are synltesized its the 
zona giomcrulosa. i'he adrenal gland is also capable of 
synthesizing sUmids with androgenic and estrogenic 
activity, The major glucocorticoid in most diumcstic 
animals is, cortisol, and in most rnymumils., the must 
important mineraloeortieoid is jltoteftw, In Mime 
specie* (c.g.. the rat); rartteosteronc is the major glu¬ 
cocorticoid. It is less- firmly bound to protein and there¬ 
fore metabolind mote rapidly. Quantitatively, dchy- 
droepiandrosierone (DHEA) is lit* major androgen, 
with part of it being sulfeied to PHEA-sulfute. Both 
DHHA and arodrosienedione are very weak androgens 
A small ajtKJunt of testosterone is secreted by the Adre¬ 
nal gland und may be of greater importance as an 
androgen. Lillie is known about the estrogens secreted 
by the ftdrenal gland, However, tbc adrenal androgens 
such a* tesiONierone and aitdrtstciiedicine cun be 
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CWUlfid to estrone in small fWWrtti by nonendocrinc 
tissues (Anm aflJTyTrtll I994 lT yrrell did. IW4>. 

HvmillAJ.AMir-PlTIIITARV-AnB^NAL. Axis. Ttw 

major glucocorticoid in mosl domestic species in. cotil- 
*ol QiydncalftHH). It is iyuhrdifd from cholesterol 
and rclea&cd into (he circulation uridcf the inflwnctf of 
adrcriraorticnU-opic hormone (ACTH). The conversion 
of cholesterol to pregnenolone is the rate-limiting step 
of sdfrjsd sleruidogenesi-v. This step occurs via activity 
of [he enzyme P45QpC and involves two hydros yla- 
lions and Ihen side-chain cleavage of cholesterol. In 
most domestic species, as in humans, cortisol is the 
main glWHfdcold pn.wJuoed by the sdrenaJ glands 

under the influence of ACTH. Production of ACTH is 
stimulated hy coftieotro^in-releasing hormone fCRHj, 
which is: a hypothalamic hormone t see also Chap. 30); 
production of ACTH is also influenced! by vasopressin 
(antidiureEic hormone; ADM), particularly during 
slress. There is also centra] nervous system (CHS) 
input into hypothalamic hormone secretion. A "short- 
luOp" Iwrihuri system of ACTH on the corticcrivuphs 
(ACTH-producing tills) in the pituitary has also been 
described (sec Fig. .33.1). fn human** cortisol is 
secreted in response to pulsatile ACTH release with 
diurnal variation. In humans, single dally doses of 
exogenous glucocorticoids are most commonly recom¬ 
mended to be given in tire morning to mimic the adre¬ 
nal gland's secretory pattern (Tyrrell ef al. 1994). 
Ahhough older reports claimed [he existence of a diur¬ 
nal cortisol vjuiuliun in dogs and cats, with plasma cor¬ 
tisol level peaking in th£ HoniJif in Jog* And in flic 
evening in eats (Feldman and Nelson I!9417k, more 
recent studies have not confirmed these observations 
(Kemppdnen I9tffri. Under basal |nonstressful> condi¬ 
tions. the adrenal gland produces cortisol (hydrocorti- 
soahj) at about 1 mgAg body weight daily in most 
species. 

Negative feedback of glucocorticoid* on ACTH 
secretion occurs at both the hypothalamic and pituitary 
levels via two mechanisms: 

H. 'Tasl-feedhack 1 " is sensitive to the rate of change 
of cortisol levels and likely occurs without interaction 
with nuclear steroid receptors, I 

2. “Slow-fcedback"' is sensitive Co die absolute cor- J 
lisul concenEration and is a nuclear recc|Aor-medialed | 
effect which results tn a decrease in ACTH synthesis. I 
The clinical test lor spontaneous hyperadrenocorti- 1 
eism. called ihe dcxamctha&onc suppression lest, Is, j 
mediated by this mechanism of feedback (Keller-Wood | 

I WO; Tyrrell ct al. 1994 ). 

Fhannacolofic dew of ghtcnonirtkoufa have a pro- | 
found effect on eodogeoom glueoconicoid regulation, 
suppressing hoih hypothalamic and pituitary hormone | 
pfiixlucl ion (Fig P J3-1). t'ortisol inhibits ACTH scene- I 
tkrfi and CRH secretion through negative feedback at j 
both hypothalamic and pituitary levels, a point that is J 
important w hen considering recovery of the hypodiabi- 
mic-pitUBEary-adrenal axis {HPAA) from exogenous 
glucocorticoid ^ministration. Glucocorticoids with i 
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Adrenal CoH laol 
GSpndi 


TltL J3,2—Hy|Xriibljife^K-pitUitaiy-LMlilnial u. 11 . Ki^l-uulm 
gluLTHXHticxniJb' inhibiE the hypirihaLunK and pituitary hinc- 

cion in a Kfftive-feedback fittlHO ACTH. through “dinrl- 
tnop" Mhcb inhiMl* ii»* own pciMlKtfnL Thnfim, 
iKtntfy trf the ffltiie hypcRhaUmic-pituitury-idrenjI an 
requires whhdnawal of gliftworlkoid and is run enhanced by 
the admiciLwaiiiwi oi cxofmiut AlTH. CINS = llhEtjI nerv¬ 
ous tyvin; CRH = eort bout re p i ri - re I cam h p, huihiurti* ACTH 
■ adrenocorULotroptc hornKwic. + reprtrfnih siimuluituii, — 
represents inhibicion. 


anti-inflammotory effects but no effects on the HPAA 
have not been identified Eo dale. As a result, long-term 
Um« of ujpftiphy*iukigiv du^es may lead to Hdrenocorti- 
cal atrophy and dsenawd adrenal wntuy hmt v i 
(C hastain el al. 19RS; OMsiasn and Graham 1979' 
Hcnch 1932; Kcmppainen et at. I9S2^ MtHR and 

Hoemg !992). 

Plasma Benlmmj, Mltabousm + and Excretion. 

!n ptiiamu. to rtiM.il i* c.wer bound Kp plasma pro¬ 
teins. The remaining l(W free hurmnno is the active 
moiety acceding to ihe lree-bociiM»e hy^wbe^is K 

Cnrticoscereid-binding globulin (CRCl), an nc, globulin 
synthesized by the liver, hinds the majority of circulat¬ 
ing hormone under normal circumstances. The remain¬ 
der is free ur Sotwely bound to albumin and is avaiLahle 
to- ex-ert its ellecE on target cells. CLUtiso-1 is removed 
from Lhe ciiculation by the liver, where it is reduced 
and conjugated to form water-scduble glucuronides and 
sulfates, which are excreted into the urine (Aron and 
Tyrrell 1W4; Grate ct al. 1993; Hammond 1W0; 
Tyrrell et al. 1994). 

MoljfjTmi.ar Mfchanism oe : AmoN: Stfroid 

Rh(.:HFTOft.S a The majority of sleroid hormone actions 
arc mediated by inleracEinn with specific receptors in 
and on the rargeE cell (sec Fig. 332).Ik steroid hor¬ 
mone receptors arc specific to the class of steroids 

(fljch iiw glmoctkoids, mtocrakxofticoidi, 

Een^. esirogjeos}. How-evtr, at very high eoncentration^, 
nonspecific cftccls due to direct interaction with the 
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cnid excess,’ although glucocorticoids stimulate protein 
and RNA synthesis in the lira, they have catabolic 

effect in lymphoid and connective cissue. mude. fsl. 

.ickl skin. While not usually a recognizable clinical 
problem in dovncslk; animals, oslcafnimis may result 
in people with Cushing's syndrome or on chronic (ilu- 
Cocuftkffivd admmistratkin. The problem likely is most 

significant in areas of heuJmg bone; flucocoftieoitls 

directly inhibit bone formation by inhibiting osteoblast 
proliferation and the synthesis erf bone matrix while 
stimulating osteoclast acimty. In addition, glucociirti- 

coUls potantiAie the action of parathyroid hormone 

(PTH) arid 1 JdHlihydm^yeholeejLleifeml (l. 25 (OHK= 

D i and inhibit the gut absorption of calcium, an effect 
which can be used Ed advantage in hypervakernic stales . 
In the young animal, [he catabolic elf eels of excessive 
amounts of gluaicurticoid reduce growth. In children, 
this reduced gn’W’th is nut prevented by guftAih hur- 
mQIK (Aron and Tyrrell 19*54; Tyrrell et si, 1994). 

Water asp Euictroilyte Balance. Cflueoconi- 

coid use i nviixiiihly Leads, to polyuria and polydipsia via 
inhibition uS ADIS release andl action. m well as -idler- 
aLion ul Lhe animal's psyche, resulting in increased 
water intake. No glucocorticoid given in large druses is 
completely devoid of miiierakxrorticoid t salt-retaining 
and K"-losing) activity; iherofore, excessive iise may 

precipitate or hypertension, and induce 

hypokalemia. In pan by increasing extracellular fluid 
volume, glucocorticoids increase the glomerular filtra¬ 
tion rate and are required in physiologic amounts tor 

max lira] dilution of urine (Ferguson 19K?a; Melby 
1974; Nakamotfl et al. 19921 


cijic; Chat is. I hey have profound metabolic ellects 
regardless of the initial insult. 

GlucKQflKQHte .ire: used [o advantage to suppress 
both the number of cells and the actions of the immune 
system. The suppressive dtea on cell-mediated 
immunity predominate over those on humoral immu¬ 
nity. Antibody production is generally umlTccCcd by 

moderate dongs of g lucoconicoid^ and is inhibited 

only ar high dosages and with king-term therapy. They 
cause lymphopenia and eosnltjpenia + an tiffed second¬ 
ary to cell redislnhutian and/or lysis* and lead to 
increased, vascular sknwgmatinn of neutonph i k from 

[he vascular bed to lymphoid Lissue. GtueiiCLirticoids 
inhibit virus-induced interferon synthesis and diminish 
the functional capacity of fflonocylcs-, macrophages* 
and eosinophils through inhihilicm of lhe formation of 
ILs such as ILI I macrophagesL IL2 Uymphixylesh 
IL3, imd ILti and other chemi»tas"iLC factors ( Barragry 

1994; Ehrich el al. 1992; McDonald and l.angiton 
1994; Melby 1974; Tyrrell ei ul. 1994). 

Gl uodcoipL icoids can induce apoptosis on normal 
lymphoid cells and play a key role in the physiology of 
thymic selection. In clinics Ihes-e molecules are also 
used for iheir potencies in inducing apopC&sis of malig¬ 
nant lymphoid cells. The mechanising of apoptosis 
induced by glucocorticoids fall roughly iii two calti- 
goritM, depending on the type of lymptox-yte*; indue- 

lion of ’’Lkuth genes” such as l kappa E and c-jim or 
repression of survival factors such as AF-1 and r-jmr. 
By inhibiting the production of Thl cytokines, gluco¬ 
corticoids may enhance Th2 cell activity and generate 
a |img lasting state of lolerance iFallardy and Hmla 

|99S)l 


Immune and I IiematolcxpIc Effects- often the 

desired result of a therapeutic application, anti-imilam- 
matory effects of glucocorticoids are primarily seen al 
pharmacologic doses, Glucocorticoids result in allcr- 
atiLKts in the eooeentfalioru distrihutiuai, and function 
of peripheral leukocytes and in inhibition of phospho¬ 
lipase A, activity in the plasma membranes of these 
cells. Glucocorticoids act indirectly by inducing 
lipucurli n synthesis* which in turn inhibits araL'hidtmic 
acid release from membrane-bound stores, and also by 

Inducing TCi F-P e^pressum thaC subscquviiLly blocks 

cytokine synthesis and T-cell activation. In addition to 
contributing to maintenance of the microcirculation 
and tell membrane integrity* glucocorticoids interfere 
with progfcssire dissolution and disruption of eonnec- 

ttw ! issue and cells. 
monbraiK$ (Am and Tyrrell 1994; Aueoin |9R2; Biif- 
rapry 1994 k Although iyscKomal stahi I i ?a[irm. by glu¬ 
cocorticoids has been demonstrated experimentally, il 
is hard to know what benefit these effects have in clin¬ 
ical situations. Glucocurticoids also decrease form at inn 
ot induced hivLamine (histamine produced by cells dur¬ 
ing injury U lhe action of which is not tdticked by anti- 
histamines They also mppun toxins and kinius. 

reducing the resultant inflammation. It is important to 
realise, however, that most of their effects are ruwspt'- 


pvssiNy hy stahiliv.ing lysosomal 


CardicjrilSPIRatory Effects. In adduicwi to indi¬ 


rect ellects on ekvtrolytc metabolism, glutcKortacoads 
have direcL p«.Ki1ive chrunoLn.»pic and moIXL^ic actiuns 
nn the heart. They appear Co block the inoeaced per- 

meahility of exjwllaries induced by acme inflismumuon. 

reducing transpnrl of prole m into damaged areas and 
maintaining, microcirculation. Because glucocorticoids 
are necessary for iruLximal catecholamine sensitivity, 
they conErihutc to maintenance of vascular lone (Fer¬ 
guson et al. 1971; Nakamuio el at. !992 y In shock, 
protluction of vasoactive pisiduci^ of lipid peroxidaEum 
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as [he vasoconstrictor 


Lhrnmb.M.anc A, f may be decreased by glucocorticoids, 
hut probably only in the early stage of cell disruption. 
OhicocQilionds cause vasoconstrk:lion when applied 


dirvaly to s-essgis, They decree capillary puniieabiT 

ity by inhibitiitg the activity of kirtins and biicEerial 
endrtoxins. and by reducing ifc amoutu of histamine 
released by basophils. 

Glucoeoriientds may induce hypertension in aiiimiiU 
and humans through the following mechanisms; (3) 
activation of lhe renan-angiertensin (R-A) system due to 
an increase in plasma renin substrate |i 3 R.S), (2) 
reduced ualiviiy of the hypotensive kallika-in-kmin j K- 

K) system, prostLigliiuldul:^ (PtTv.U liekI IImj ltiilUiI Iil~I i i iii i 

derived relasing factor (LJJKFk mine oxide (MO), and 
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(3) sncreuri^d! pressor responses to anjjimcnsin II (Anp lit 
and norepinephrine. Furthermore, the number of Ang IB 
Type I rece ptor s, of vascular smooth muscle ttb is sig¬ 
nificant) 1 increased by gl uenc to ta iids (Santo 1996), 

□hmeoetkoids increase the number arwl affinity of 

P jd reoe e p e reeepinrs. GknntaUi prevent recep¬ 
tor down-regulation and therefore tachyphylaxis, 
resulting in pmeniiatior of the effects of f$-adrenergic 
agonists on bronchial smooth muscle, an important 
effect in the asthmatic patient {Sprung tl aL 19B4; 
Tyrrell ei at. 1994; Wilctc an-l Havis 19821, 

CNS EffBCTl Although rarely described in domes¬ 
tic animals, glucocorticoids lor lack of them) have 
muriked effects on the psyche, resulting in a form of 

mental* as well as phytiaL dependence (FujUlOfl 

I983t; Metz et al r 1962). 

It is known that pfctrealment of neonatal rats with 
doLamcthascme provides protection against hypoxic- 
ischemic brain damage. This effect is likely mediated 
via glucocorticoid receptors. because glucocorticoid 
receptor antagonist KU 38486 reverses the benefit. ]"he 
aeurapnAscdH 4il*o appears to be related to alterations 

in cerebral metabolism. Glucose uiilijrackin is reduced 
prior in hypoKia-ischcmia by dexamethasoiK and is 
better maintained during hypoxia-ischemia. High- 
energy phosphates in Ihe hrain are higher in dexa- 
ntdha™c-treatcd animals. Thus, flouavticndi may 
provide iheir protection against hypoxie-ischeinie dam¬ 
age by decreasing basjl SMtabolk; energy requirements 
andA* iDCraudqg the avuihibilily ur efficiency of use of 

energy futttntes (Tuur 19971. 

Rndotrinr EFWCT3 filucocorlicoitfa, in addition to 
being diabetogenic, also have marked effects on hypo- 
thalamic and pituitary function. ACTH, p-lipottopiin, 
thyroid-stimulating hormone (TSH), folhclc-slimuiat- 
ing hormone (FSH), and growth hormone (GH| lyn- 
thesis and secretion arc all suppressed; however, ft- 
endorphin bevels arc unaffected. Glucocorticoids, even 
at "'physiologicar dosag.es (0.22 mg/kg prednisolone 
once daily orally in the dog I, result in HPAA suppres¬ 
sion, as indicated by reduction in the ACTE I-stimulated 
cortisol concentration increment and by reduction of 
the ratki of Ihe zona fasciculata and reticularis- to zona 
glomcrulma in the adrenal gland. AnLi-inilummatiwy 
dosages of prednisolone (0.5 mg/kg q!2h orally) 
resulted in adrenal suppress tun within 2 weeks of ther¬ 
apy (Chastain and Graham 1979). In another study in 

dogs, I month of Ihe same dosage of prednisolone 
orally resulted in profound suppression of endogenous 
plasma AtrTH and c-nrtlsol conccntratkms, CRH-stim¬ 
ulated ACI H release. und ACTH-stimulalcd ooitbol 
release. However* following withdrawal of Ihe pred¬ 
nisolone, the HPAA returned to norm all waifrin 2 weeks 
(Moore and Hoenig 1992)- A similar ability to recover 
from (**oginhiu% glucocorTicoid* was seen Ln the eal. A 
dosage off 2 mg/kg q 12h of rncthylprcdnisokme given 
orally for 7 days- resulted an suppression of ALTH- 
sJlimuluted cortisol and CRH-stimulated ACTH, but 


these changes completely reversed hy 7 lUjts aficr 
withdrawal of the exogenous glucocorticoid (Cragcr et 
id. 1 994 k Higher dosages and long-acting preparations 
(desamethasune, triamcinolone, depot products.) may 
result in more pronounced HPAA suppression (kemp- 
pairfiert and Sartin 19X4: Kemppainen 1986; Kemp- 
painen ct sil B 1982 k 

The effect of glucocorticoids on glik'ow metoboUaiD 
is time- and dosMkfKftdnt Lnsuliii and glume con- 

eentftdtons, Of glucose toktuilce. were n^ significantly 

altered hy ih* admifriftittkn for 28 day* of an unti- 
inflammalory dosage of oral prednisone (Moore and 
Hoenig 1993). However, daily administration of high 
dosages of dexamethaseme and growth hormone is a 
reliable model lor induction of diabetes melliEus m the 
cat (HoonJl el ah 2000). Ihere aLw have been case 

reports of diabetes mellitus induced in dop after 
administration of uftkoctoroids and methylpred- 
ni sol one pulse therapy fJcffera ct al. 1991), 

Pharmacologic doses of glucoconicoids- generally 
reduce scrum thyroid hormone concentrating., presum¬ 
ably through suppression of pituitary TSH. The-se 
effects hure been well documented in Ihe dog* ure not 
as significant in the cat* and are not well studied in 
mber domestic species (Ferguson and Peteivm. 1992; 
Kiipcein ct si- 1992; Monnc cc ah 1993), Tlw nelabolfc 

cnnsequences of these lowered concentrations of ihy- 

roid h o nno w are ihu known in the dog; however, it 

stale of hypothyroidism is not believed to he the result 
(Jennings and Ferguson 1984)* 

lu humans, large dose*, id - glucocorlicuids stimulaCe 
pruduelion of acid ;uid pep^iii iu thi' stomach 
and may cause peptic ulcer They faeililatc fat jib^p- 
lion and appear to antagonize the effect of vitamin O cm 
calcium absorptin'm. Therefore, gfraxofticads are 
employed in chronic hyperealLi^mic stales In an attempt 
Id Inhibit gastrointestinal calcium absorption (Aron and 
Tyrrell |994; Tyrrell cl nJ, 1994), 

Chrmudry 

SOURCE. Although ihe natural csduutni(k can be 

ubraiued fmm animid snireim! glund 1 ^. they sire usually 

synthesized from cholic acid or steroid sapogenins 
found in plants of the l.lliaceac and Dioscoreaccae 
Jamilics. t r urtlier modificatkniv of Lbere sltiuids have 
led to the marketing of a large group of synthetic 
fctemids with special chariteterisiies thflt uiX plkiirmu^^ 
logically and therapeutically imponani {see Tables 
33. t-33.2 and Figs. 33.4-3^ 

STKutTURh-AjcTrvn v Relahokshifs. The 4ictkm% 

of (he synthetic steroid* are ■similar (o those of tonisnl 
(see abenvek They bind to the specific intracellular 

receptor proteins and produce ihe same elTecl s bul hare 
different nilius of g1iK.:tacnriiciiqd-CL^miiier4LUvoilieLni:l 
potency (sec Table 33*1). 

SitftULD Basil Figs. 33 4 4iud 33 J show ill* stenfal 

ba*e. or cartna skeleton, of jlucixoilicoiclk. The struc- 
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TABLE JJrl —Characteristics or various glucocorticoid bam 

Potency 


Drug (j|iK:ix.'un]L'Liid J 

MlllCI uli V4Bl3LLi|d 

HI'AA MJppresMunl 1- 

A Ibemiite-diiv 
dKfipy pohIHbT 

S1 m i rl - lu - L i n ^ 1 1 1 u r u t h y i l of Metkiri : 

<14 hr'i 




Hydroconisone 

I 


+ 

No icftt jlionj 

CtJrtisLinc 

m 

4*4' 

4 

Yes (mil hIuIj 

ItadflEUHli! 

A 

+ 

4 

Yc* 

PtEdnluiltMie- 

4 

+ 

4 

Y« 

M elfi >■ 1 pml n iviikti e 

5 

4 

4 

Ytt 

lHlCfm«Jbl4c«1niEE UhinUw of Iictio-n.; 24-4H hr) 




Triaincirukine 

5 

0 

44 

No 

[MiEHKtinR fdantliQn ofaKrtion^ 

>48: fart 




FlumcihaMitic 

IS 

0 

-H-+ 

Mu 

Ppxnnwlhnwvne 

30 

0 

444 

No 

BeuuEtediBuune 

30 

i 

444 

Mu 


Note Eflecthn fimi-irvflajnmaiur) time equal* [lie HPAA mwwthhui time in moot enn Homrw b the ificrapeutk mrrtm 

und fewer xuh? cfleclx with ullenule-diy Lhenspy Mum fnwu the Jacl Lharl v:htk pnjfKiralanns havu sligtiLly lunger zuilL inffluirnmu- 

tory or imniunmopprHhi^c action than their action lo Mippros the HPA A 

C "ir11sai ^l 1 ta-iITi IlydntuurCisuilt: urt li lUg-luc-nlg basis. 

*HPAA = hyjKKiHlikmic-pitiiitai^-adrcfiid asis. 
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PH3i 33.4 —StrlKTUl^C^iLEivLly rdj buns hips gtKOKVkl ■ 

cuidx. 5b<nvn un tbc sCruKiLiue u§ Ihu rum pound CQtffiiOl arr 
tJth_' urtpurtmAt sbULlurd] ijLcs duDcmnning ihc acLmly ut u 

gJucoconjcLitd bust. A. 3 kem group essciibal k* glucucurti- 
osid .activity; B: 4,5 lAtwhle hund-exserutul far jflDcncnrlirinuL 
Activity-. a 1I hydroxy) rswminl: for optimal glucworikoid 
activity: />: 17 n hydro icy I is- [important Fof glucocorticoid 
activity: F: IA rnciliy lulion or tlLKHiflatiori rahjeu* iliinefruk:*- 

curb Lind ULliviLy cunHHlerdbly and irurreLists g I uccKrt MUcoid 
activity; F: 3CV kelu gniup is impcrrljml lisr ptumccHiLooid 
activity; fi; 21 liydnixyl isefwoiLi.il \‘m mincrakiCLirtii.'SHul 
activity and b Ihc siir of wlcriFicartarm 


lure of the base del mid lies the anti- inflammatory fftlu- 
cocarticoid) patency, mmemf&crtrticttid patency* and 
the dwattoR nf odtan rwe of the ite ttfactiw i 
AJlmlHQi in the steroid base sHuctUR influence ic» 

affinity for glucocorticoid and inincralocnfiicnid rurap- 
Lore r as well as iti protein-binding avidity, side-chain 
stability, rate of reduction, and metabolic products. 

Certain stnKrtttncK on the steroid base are esvntiaJ for 


glucocorticoid activity (Figs, 33,4-33.5), An 1 l-keinl 
h essential for gluaKovtkoid activity; iukI compounds 

like cortisone and prednisone must first he reduced in 
the liver from the 11 -eartmn ketooe io the ketr>l before 
full activity is seen. The L2 double bond provide* a 
fourfold increase in glucocorticoid activity. The C-3 
and C-20 ketone groups are also essential for glucocor¬ 
ticoid activity. The uddilion of JfS^d-methyi 9-ft-fluom 
groups results in compounds with enhanced anti¬ 
inflammatory activity, Rather substitution at the 17 
ester position rcsulLs in a new group of extremely 
poLcnt steroids te.g.. bee 1 o neth a so n e and betametha¬ 
sone) that are effective when applied [opuiaJly fnr skin 
diseases and by inhalation for Healing asthma. Modifi¬ 
cations of die glucocorticoid molecular structure also 
alter Lhe tendency lor the molecule to bind with CBG 
m the plasma. An increase in binding to CftO results in 
a lower teodctcy for the hofime to be metabolized. 
Halogcnacion al the 9 poskun, unsiiluracioo of the 1.2 
bond, and medvylitiofl m the 2 or I f\ position will pro¬ 
long the hidf-life by mure tlbui 50-70%. Hie ll- 

bydniyl group also appears to inhibit destruction. 
j^iiKie ilw half-life u-f I l-dccrycortisol is half that of 

coniM/d. Iti smne cam, ihe agent ^Iministered is a p^o> 

drug: prednisone is rapidly reduced to prednudkxK, 

and «rtin« h mpidly <«snvencd to ©ortiisivl! hy rhe 
liver. 'Hie synthetic corticosteroids For oral use are in 
musE cases rapidly and completely absorbed when 

given by month. 

ESTER. EftorfflabOfl Of lhe alcohol U C-2I serves a 
number of pnfenlial purposes. The esi^r nioiery d^r^r- 
minec to a significant extent the water/lipid S4ilubi|ity 
ratio and also influences the duration of action of 
the bstefc CflDpotlfld r £ release from subcutaneous nr 
ini ramiLv<;«hH \\tes. Time esterases dttlW the eslcr- 
resulting in free base, which Ihcn is distributed via the 
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SiHMajundy, laboratory findings. demonstrated u 
deteriorating abate ofaneniH, hypoprocciftemia, leuko¬ 
cytosis, neutrophilia, thrombocytopenia, hyper- 
glyttbiit hyperbilirubinemia. and. int:rca.sed SAP and 
ALT’ Radiographic find mgs included cajdiuancgaJy. 
hepatomegaly* and a herniated intervertebral disk at 
L5-L6. Needle biopsy of the liver revealed a micro- 
niKlulur u inbuilt, dkU|H COD&bteflt with glucocorti¬ 
coid beputopathy.. Despite extensive supportive treat¬ 
ment* Lhe dug succumbed folkwifig (he development of 

HamobartoMlte ■ indued hemolytic anemia, more 

v-omiliilg.. depression. aoroll. mclena* and mullipk 1 
CUtaONU abscesses. The dog was euthanatized and 

aoempty revealed (enertllied atrophy, Menu, and 
thinning.of ihe skin; hepatomegaly; severe adr-cnocnni- 
cal atmphy; hqntic vcwrilyitioo; and pancrcalic 

fibrosis with foci of Docrouv and inflammation. 
Although this ciu# represents an extreme omdofage, it 

illustrates the; severe and potentially fatal in&icity llui 
can mob from excessive dosage or duration of gluco¬ 
corticoid! administration (Bel I all, c I aL. l^£#i_ 

LaMJMTIS IN "IH±£ HUKSt, HigMOtt glucocorticoids 
an induce or exacerbate laminins in the horse. 

SLcroidv appear to potentiate the uctiun of caLc- 
chnlamines in the equine digit. Because this cunslnc- 
lion is more pmnDUKtd tm venous beds than 00 arteri¬ 
olar beds, the net result Is often digital congestion and 
edema (Barratry IW4|, 

Principles of Kationul Gtacocorticakl Therapy. 

Because of their wide-ranging and nonspecific effects, 
reports of the clinical use of glucocorticoids are replete 
lA'riih. pragmatic rix'ommcndiiiions regarding douigc, 

dunition of therapy, and seventy of side effects. Much 
has been adopted from dinitial use in humans, und 

much mure i* known about tin; fine p«inb of glucocor¬ 
ticoid therapy in dogs and cals limn in other species. Fn 
the following diKttHKJffc' most of ilie specific com¬ 
ments will apply bn ihc use of glucocorticoids in the 
dog; however, when available, appropriate information 
for other speckrs will be mentioned. Jl is important to 
mpltt ttau gliiaarlkokb rarely cure disease, With 

the pirssihSc exception of \poivlancous glucocorticoid 
deficiency, they are nsed to try to uppiw clinical 
signs long enough for a condition to run iLv natural 
course I Fauci 1^76: Ferguson ]9K5a,b; McLby l c J74; 
Wilcke and L>av is 

A well-known cndocriiHiltfgisL named Thom pro¬ 
posed in ] c J6ft that physicians ask ihcmbdves the fol¬ 
lowing questions before using glucocorticoid tlierupy 

(Hunch I ■952). A similar approach is proposed for use 

in animats: 

L How seritiius is tlie lubdcrlyiiig di wilder'? 

2 . Him long will therapy he required? 

3. Ih the patient predisposed lo any complications of 
glucocorticoid therapy? 

4. W\m is ihe anticipated glucocorticoid dtmge? 

3, Which pluvocortieoid preparation should be 

used? 


6. Have other types rrf treatment been used to mini¬ 
mize glucocorticoid dotage and side effects? 

7. It an dte/fuie-doy regimen Indi c ated? 

These questions- may help develop guidelines for 
practical and raliuna] glucocorticoid therapy. 

How SOUQUS Is THE IJHHRLYWO DISORDER? 
How UMi Will TmiRAPY Bi*: Ri;yi:nii:iJ? The 

following general principles should he considered 
when glucocorticoid therapy is employed: 

B&aghtrte the disease first* ifpamUe QlinDcati- 
coids are generally only palliative and do not provide a 
true cure for any disease. In addition, if used before all 

reasonable diagnostic lcms have been completed, they 
ma y muk signs of underlying dheue and complicate 
specific diagnosis and therapy. Thimgli a definitive 
diagKHU is not always possible, a presumptive diagno- 

sis should he proposed (Ferguson iQttfri.hk 
Classify she disorder into one of ilw fallowing cate¬ 
gories. of gtucooovtkxwl therapy t according to u definl- 

livc or prciumptive diagnosis: physiologic nephew 
mens: intensive ihort-temr: iittti-inflcjmmiiSon' md 
antiallergic immtstwsuppressive; and chronic pallia¬ 
tive. Each of these usage ckttititttkiU will be dis¬ 
cussed in mure detail. By using these dasvifieations, 
tlK clinician clearly defines Lbe goal of Lherapy and can 
choose j starting dose and toulitiofl appropriate for 

the disorder. 

the gtucocortieoids w accomplish specific objec- 

lives. Ft is important to decide tin the therapeutic end 
point before therapy is started in order In objectively 
assess efficacy and determine the smallest efleclive 
dose. Tor example, in treatment of j dog with auluim- 
mune hemulyLic unemia. the goal lor initial glucocor¬ 
ticoid therapy might be to raise Ihe hematocrit from 
10% to 25%. In si horse with chmnic obsiructive pul- 

mofluy disease (“hearvej , ") 1 the goal might be to sup¬ 
press i he iDergjc react!on for 1-2 weeks in order to 
^IIlvw rhe owners 1o change ihc feeding regmiun to 
eliminate the offending allergen. By defining a thera- 
peutk" flbjecdvts the clinician cun then judge Hh. 1 el'll* 
cuncy <if a ireuLnlent protocol und de<,“ide when \lw glti- 

cocortkoid shmild he altered or ahemative 

therapy chosen. 

Tiije length t?f'therapy obo he anticipated. For 

example, immunosuppressive Lherapy generally 
require^ >evera] months of glnctKffltiOQid use. Accord¬ 
ingly, a plan for invlituLin^ und later decreasing the 
dose should be considered from the outset In such u 
case, intermittent ur iherulHby therapy would not be 
appropriate, und «n imennediato- or k»ng-acting glueLV 
cnfiLonid COO Id he used- 

Is tub Potent Phedisfqsed ixj Any Comhjca- 

tiohs of Gliucocorticoid Therapy? Rkhik 

luiiuy of the i hcrapeiLi ie effects of ghwocofticvkb ure 

nonpecifk. clintebro slH'uld anticipaic ihe impact txn 
the palient oi the previously outlined complications of 
glucocorticoid uh". Iu d^ung so, the risbtetteHlnlio L>f 

using these potent agents is conndemL 
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Wiiat h the Anticipated GuuctKxmncinD 
Do&Mje? What GLUCOCOtiTtOMD Preparation 

Shoi ld bfc Used? It i> important to understand the 
relative potency and, perhaps more important, the rek- 
[rvt duration qf action of a glucocorticoid preparation, 
because t he dural tan of LmU-iiillammLUiiry cltel& usu¬ 
al ly p&Akl Ids the dural ion of effects on the HPA A Suc¬ 
cess with alternate-day therapy, more cl much only 
applied in small-animal practice, depends on selecting 
a fliKWOrtteud preparation with slightly longer arm- 

innainmaiory or imnounosuppressive (beneficial ) 

actions than HPA A-suppressive effects. Dw^ttyrs «/ 

glucocorticoids are derived by trial and ermr and 

should be constantly teeralunird. Due in ihc afore- 

■ 

mentioned hazards of lung-lcrm daily glucocorticoid 
use. intermittent Or alternate-day therapy is preferred 
when lon|-teni use is necessary. As shown in 'fable 
33,1, shtut- of inlermediale-iM.Onu Idrrnulattans. gener¬ 
ally given orally, are most appJMpriace and safe fur 
tang-term use and aJtemaiie^day therapy. The goal of 
rational therapy is to maintain a audition in remission 
lit the luwoit effective, glueocortteold dosage (Fauci 
I LS ”i'i: K 1 .Id man and Nelson IUH7: Feramsan ]<MS5a.b; 
Wilcke and Davis IVH2). 

Classes of Gluene-nrlicoid INujec 

Pi lYsioLCffiic ai. RoucEMPn 1 Therapy. Replace¬ 
ment therapy involves- use of glucocorticoids in 
amounts simitar to those of the mUi rally occurring glu- 
eoCQIticoitfe (cortisol in virtually Sill domestic species) 
from the unliL-nnl gland, Ideal replacement tbenipy 
should mimic the adrenal ghuidN hormonal output 
under basal conditions, with dosses inerea&jng if the ani¬ 
mal is stressed by illness or surgery. 

Practically, Lhts ideal is never achieved; however, the 

iVilliiv, ir!" u-ynn^nv have been used succe^hdlv in 

adreiKilKtomlBetl and Addisonian dogs and cats. As. a 
general role, animals produce approximately I mg/kg 
of cortisol t hydroronisone) every day. Ii is not rational 

to employ alternate-day or intermittent glucocorticoid 
replacement therapy in a glucLTcortlcind-depleicnl ani¬ 
mal. because the animal's metabolic well-being depends 
Upon the presence of glucocorticoids every daw There¬ 
fore, physuolugituJ replacement therapy is aimed at 
providing a small daily amount of glucucurtreoid. 
Physiological replacement therapy is. rarely indicated 
or applied in Large animals. In ^mall animals. hydro¬ 
cortisone or cortisone at (3.2-1 mg/lcgAiiy or. more 
commonly, equipurem amounts id prednisotoftL' or 
prednisone at ft.1—0,2 mg/fcg/ttoy once daily orally are 
indicated. There have been reports dial the diurnal vari* 
OLifflt til cortisol results m a peak in the morning in dog.*, 
and in 1 he evening: in cats; however, more-recent stud¬ 
ies have not confirmed this pattern (Kemppainen Ifffli; 
Scott L9S2X Therefore, the timing of the single daily 

dosage would not appear to he critical Other than that 
it be provided approximately the sung time each day. 
Because slress results in higher adrenal output of glu- 
coconlcolds, this patient Should be mimicked:, in gen¬ 


eral, in moderate stress, give 2-5 times the physiologic 
dosage, and in severe stress (e.g„, surgery. 1 , administer 
5-211 Limes this dosage until the stressful experience 
has ended (Ferguson 19N5a,b). 

Intensive Short-Term And Shock Therapy. The 

effects id gluDocortLcuids m all forms of shock are stiJS 
cufllruWftiah hnwevftr, some evidence suggests that 
early treatment (protaMy about 4 hours pwtinduction 
in dogs-1 may lead to increased survival particularly in 
heiriorrhugie and septic shock. The rial are of the for- 
iriiiiliuuMi c particularly the ester) may affect the q»eed nf 

cellular entry of glucocDriicnids during shock; how¬ 
ever, other conclusions have also been reached (Fergu¬ 
son IttS&Jh; Fcfguwn ct al. 1978; Sprung et al I9W4:; 
Wilckc and Davis I9R2; Wilson 1979). 
Glucocorticoids improve hemodynamics and 

enhance survival in canine models of endotraxic and 
hemorrhagic shock. However, therapy for shock should 
also include aggressive fluid therapy. Septic (endo- 
lonut) shock is the most responsive form to glucocorti¬ 
coid therapy; however, although human trials have 

shown improved short-term sun. ival most patients suc¬ 
cumbed to chronic s^piicemia later (Sprung ci a I, 
19B4). Suspected endoto&ic shock should be treated 
with fluid therapy and a broad-spectrum anl iniierobial, 
wkh or without glucOMrcicuids- Glucocorticoids and 
untibiojics were synergistic when given within 2 hours 

of induction of septic jihock in batoonv 

The potential detrimental effects of ma-ssi ve doses of 
gluccxortieoids should always he considered. HfMvever, 
preponenLs of glueDcortkold therapy for shock point 
out Lhal short-term (-4H hr) gluctKCKrttcold therapy has 
few negative eflecls. and the positive effects far out¬ 
weigh the rkks. Most human putLeiits with >epsis sur¬ 
vive beyond the acme stages of Mdotoumii but suc¬ 
cumb later In chronic septLecni in t Sprung ct al. 1484), 
Certainly; the immunosuppressive effects, of glueocor- 
Eiooids make their use eoiuraindicaicd during chronic 
sepsis, and those supporting glueoenriicL^itl use in sep¬ 
tic shuck do Hot generally advut'aCe use other than dur¬ 
ing the early acute hypotensive state. Opponents to plu- 
Ci.KrUrticoid use generally are not convinced that 
experimental studies in anesthetized ammak ade¬ 
quately duplicate clinical sioiyui. hi* and do not believe 
even shon-temi treatment to be innuettous, because of 
immunosuppressive effects. (Wilckc and Davis 1^2), 

A NT I- INFI .AMMATOHV AND ANTlALliRatC THHC- 
apy. A large proportion -of glucocortkold use in vet- 

ennary practice is designed to combtl inflamrnation or 
allergy, Unfortuniilely. many such diseases arc difficult 
to definitively dka£HQK Therefore, misuse of gluco¬ 
corticoids i^ nor uncommon in this ciitegury. Exam pies 
of anti-i nflammajlory and anti id leigic use of glunkuni- 
eoids include symptomutie trefitment of pruritic der¬ 
matoses. allergic pulmonary disease, and allergic gas- 

Lroenlentis. Guidelines For anli-inffiammalnrv and 

.■ 

iintiallergic dosages vary From species to species. Pred¬ 
nisolone Of prednisone is most comm wily used in small 
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So alLcmaEu-day use may result in signs of glucocufti- 
cuid withdrawal. Finally, alternate-day glucucurticuid 
therapy may fail if used exclusively; supplemental use 
of noftstcncHda] therapy should be considered. particu¬ 
larly on “ofT days (Fauci 1978; Hogucm l985u,bK 

In inflsmicnainry jonl dseue caus^ by iirtectimis «r 
immune-mediated conditions, early ngmsive therapy 

is usually necessary bo limit subsequent joint dysfunc¬ 
tion. Of course, ife primary therapy for immune-medi¬ 
ated arthritis, immunosuppression, can jeopardize the 
health of patients with infectious arthroputhics. Su 
before initiating immunosuppressive Ihcrupy, Follow a 
thuruugh diagnostic plan to exclude infectious causes 

( Michels and Carr 1997). 

CHANGING TO ALTE»WB-DaY TtffiftAFY. Because 

glucocorticoid administration to dogs for longer chan 2 
weeks generally results in significant loss of adrenal 
functional reserve, for the sake of this discussion, 
administration of greater than 0.5 mg/kg/day of pred- 
ilisolOiie ur an equipuEtrtt dosage of u mure potent drug 
fur longer than 2 weeks should be considered chronic 
therapy (Chastain and Graham 1979). However, when 
0.5 mg/kg ql2h (an anii-inflanimalory dosage:) was 
administered lo dugs lur 55 days and slopped abruptly, 
it Look less ilium 2 Wttht fur the HPAA ltd loyally 
recover {Moute and Huenig 1992). This contrasts dras- 
licilly with the experience in humans. where nurmul- 
i/atinn of cortisol M CB ti ofl and pituitary fuocAH may 
lake as long as mnnihM Fauci I97fi t 197S). Similar 
studies have nm been performed in targe animal 
species. 

There is no "curreirT way to tuper un animal from 
ghlCOCOfticoMfl. The following guidelines are sug- 

gvMcd. If (he glucocorticoid dooge is large (> I mg/kg. r 


day prednivulonc or un uquiviileiU) or thenpy pro¬ 
longed (>2 weeks in duration). some process of gradu¬ 
ally reducing the steroid dosage (i.t.. weaning) is indi¬ 
cated. One highly conservative approach is to double 

die gJucocQrtkotd duse for ,L un” days and taper (be 
dose for “dr day* by 25^ per cycle (id cycle may vary 
from 1 day m several woefci). Arotbcr cootervalrve 

method includes inencu-sing the dose for “go” days hy 
the same amount as the dose for "ofP days as 
decreased. Practical experience indicates that, in many 
canine patients, rapid tapering has Jew recngmzabk- 
side efleeb unless (he animal is severely stressed. Sub¬ 
tle adverse effects may he missed unless the owners 
and clinician an: vigilant. Patient tolerance defines the 
success of any cltnngo. If Lherapy is for less chan 2 
weeks, it is probably safe to rapidly taper die dog and 

have no therapy on "off 1 days. IT clinical *ign* arc 
observed on “off" days, supplement with a replacement 
dose of gJuccKorticuids on those days, or add non¬ 
steroidal therapy. If alternate-day therapy is inelSective. 
use of a single dene each morning (to mimic diurnal 
variation) may also minimize adverse eUecLs. Iix.am- 

pfc* nf two coucrvsdve appnaaches to WHSliy a dog 
from pnducolme And kfipUctbcw of alternate day 
therapy arc shown in Table- .15.4. 

WlTWHtAWAL From CLUttXwncoiDK. The idtm- 
lificaEiun of clinical signs uf glucocorticoid deficiency 
may he very difficull. Animals cannot complain of 
minor aches and pains or of mood swings as do people 
being withdrawn from ghicwoeiicoidt. Signs of gluco- 
cfllicoid w itlidrawa I may include dniBnesj, depcesskHk 

decreased exercise loleranec, incoordination,. unlhrifti- 
ncss and weight loss, loose stools, and behavioral 
change*. SigniFicanL adrenocortical suppression oocqri 


TABLE 35.4—Examples of sBffiilwbjf thenpj nnd weaning*; a dug fran prcdnisnlone 


Msanipk' ni llH i Rfnu i e■ 4 Iji y flHOntknd therapy. iniLiowd after 3 weeks uf daily tmtinut. for a 20-Lg dug being taitad 
for MciinuDc kmotyde juraik: 

Week i: 20 mg predniMiliHiL- q]2h 
Week 2: 15 mg predraiMiittiiie qllh 
Wrck 5: It) Eng priMlniuilmir q I 2h 

Thror {JrfTrrtuI mrtlhwfls for wcajiliKg from wi^k 4 an wand: 


Milligrams of pndBkolooe orally pgr day 


Vleihod A 

Method B 

Method C 

■ ■ ■ 

(uknL LimMcrvu/livu) 

{nlciiwfiilc) 

(km conecmlm) 



Dvy *W 

l>jv -of r 
■ 

Day "Ml 4 * 

Day-ufr 

Day W %r ! 

WiMk4 

44) 

15 

» 

IJ 

20 0 

Week S 

44) 

m 

20 

10 

15 0 

Wtrke 

44) 

5 

20 

5 

SO 0 

W«HL 7 

44) 

0 

20 

0 

5 0 

Week S 

30 

0 

15 

0 

off 

Wirdk. y 

290 

0 

10 

0 


Week 10 

10 

0 

5 

0 


Week 11 

5 

0 

off 



W«k 12 

4>ff 
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in Jogs within 2 wwlts of initialing clUiily glucr^ortib 
codd Lhenipy. Therefore, at is reasonable EO assume (hut 
dog-s and cals may require supplementation of glwo- 

conkoicCs during qri&odes of stress, such as illness or 
surgery, particularly if signs of glucocorticoid with- 
drawn I are present. It should be emphasized ihai short¬ 
term u-Ne of gluaKOrtkokls in physk^ogieal amount* 

has few risks desprte lhe evidence Hiuil these ‘“physio* 
Logical'" quantities significantly suppress the HPAA, 
resulting in tidreitiil atrophy (Byyny 1976; ChacsUin and 
Graham 1979). 

Tilst Or Adrenal Reserve. Laboratory tests usu¬ 
ally are noE necessary to diagnose most cases of iatro¬ 
genic adrenal insufficiency; a good history usually 
indicates the cause of the problem. Ocosinnally, in the 
absence of an accurule history or when surgery is con¬ 
sidered for a dog with suspected adrenal insufficiency, 
an ACTH mmilfliioft test is perfo r med to tesi adrenal 
function^] reserve. 

ATTH STlMl; I .ATEON TFlST. A venous blood sampJc is 
collected in heparin tubes and centrifuged within 95 
minutes, with the plasma msrnedialdy frtaen for later 
plasma cortisol determination. A duse of 0,25 mg (25 
units orajt entire vial, though less will work, regardless 
of the animal's size) of synthetic ACTH (Cortfwyn. 
Organon) given intravenously or intfamuscularly. 
Fur lire dug ur burse. a jx^njectiim venous blood sam¬ 
ple, handled as for the preirijection sample, is collected 
1 hour after I V Gortrosyn iujectiun. If com is a concern. 

valuable information on adrenal stferetury reserve can 
be obtained by giving ACTH and eolhx'iing a bEond 
sample only at the app#iipri;*i( time after injection. 

Blood samples tire then assayed by a clinical pathofcngy 
laboratory for plasma cortisol levels. In eats, pekk. cor¬ 
tisol coiieentralipfia should be measured 30 minutes 
after intravenous ACTH administration (Feldman and 

Ndaoa 1987), 

IHT F: R P R ETAT EO N OF TOT RESULTS-. Healthy 
unstressed animals have ba^iil plasma cortisol levels in 
ihe ncurmal range Lhat increase by 50-lOtK*- aJ'Lcr 
ACTH stimulation.. Some dogs, after chronic glweoeor- 
iscoid treatment., may have normal basal cortisol levels 
but a post-ACTH increase of less than 5Q%, Such dogs 
tki well uinLil stressed and then require glueoenrticoid 
supplemenlatjon (see below). Other dogs may have low 
bas4il Levels as well as low post-ACTH cortisol levels., 

indicating a need foT continued regtihu glucocorticoid 
Mippkmcifeiiiiioiii as well as additional glucocurlicoids 
during pcrichls cd'stress tl^erguion l985a.b>. 

G3 .UCDCORTECOS D SUPPLEMENTATION Dl I RING 
Stress. Animals with marginally adequate or defi¬ 
cient adrenal Unction require supplementation. of glu¬ 
cocorticoids during period* of stress.. In situations of 
minor stress such as minor surgery. general anesthesia, 
a minor illness-, or even a visit 10 Lhe veterinarian. glu¬ 
cocorticoid can be given to avoid collapse and other 


complications. For example, hydrocortisone or corti¬ 
sone can be given at 2-5 mg/kg or prednisolone or 
preditisiui^ at 0.4-1.0 nigAg. In severely stressful shu- 

juioriK, such as in severe illness or major surgery, higher 

dosages- may be necessary. In preparing m aidmal for 

major surgery (Including adrenalectomy), prednisolone 
acetate can he given intramuscularly at 0,4-2 mg/kg 
the night before and the morning of surgery. Alterna¬ 
tively, or in addition, 100-300 mg hydroeortisone ean 
be given by TV drip. These large doses should be grad¬ 
ually reduced within 3-5 days to maintenance levels 
unless there are complications (Ferguson ]9B5aJv). 

Miscellaneous or, Sprciai. Usages 

TOPICAL AND HTRALESfONAL USAGE. Topical and 

Lnlnlesbonal glucocorticoid administraiion i* 

ocofloially h^ckJ io manage lociliwd Ic^lhis ml' (he 

skin. Despite Lhe route of administiation, systemic 
effects, including suppression of the HPAA, should be 
expected. Acute inflammatory conditions such as 
pyolraumaLic dermatitis and urticaria are usually 
managed with nonucclusive, nouhealing gJlUtueonicoid 

preparations. However, chronic conditions are most 

commonly managed with penetrating glucocorticoid 
creams and ointments. The potent fluoridated bases 

such ifc betamethasone, dexamethasene, triamcinolone, 
and fluodnptooe arc the most commonly preferred. 
The topical, intralcsional, or intra-articular use of 
compoundfl («.£., prednisone, cortisone) requiring 
hepatite activation is of questionable value iCoppoc 
1984: Glaze ec al, I9KN’ Kemppainen 19Kb; ^flcEkmaJd 
and Langston 1994; Scott 1982: Scott and Greene 
1974; Wile he and Davis 1982). 

INTRA-ARTfCULAR A DM IN IKTR ATION. Intra- artUCU Lit 
§J iM.TXrurticoitfe have been uEili/ed eo manage ihc onho- 
[kuMc LL’mdiEhHLv of traumatic arthriris, myosins, bursi¬ 
tis, and Lendmitis. Used primarily in equine medicine 10 
manage joint inllammalion and p^im the practice of 
antra-articular gluCdCdfticoki therapy is eonLroversial 
and potentially dangerous. Cirliicoctirlicoids Lend to 
reduce the pain for a working animal but also diminish 
chondrocyte collagen and synovial fluid production. 
The benefits cited for this practice include the reduc- 
litm of proieolvlic enzymes in joint lluid and reduction 
of joint swelling and discomlurl. The hsiatutls Include 
enenurapement of further mechumcal diuiuigt j . loss of 
joint proteoglycan. devdupiMiU of septic anhlitis. and 
inhibition of chondrocylc -iuid osteoblaM uciivily with 
(lie end nesuli being joint or bone breakdown. Lntra- 
uriictLhir adminisiration of glucocorticoids leads to sys¬ 
temic ahsorptiem and HPAA suppression. I’urlhcmu.ire. 
glucocorticoid adinimsLnUioii hm bwn ewisidterod a 



mute of adnifiistrat ion must he used judiciously (Bar- 
jugry 1994). 

OPHTHALMIC A IT LI CATIONS, OIUMCortieoids, arc 
usctl topically and subcoiijurKiivally to muirage in 11 am 







Hidden page 



IVMi f Stfftiorf iK , r (-NI rfX kINE. PHaRMAETH XXIV 
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It uvsiiluhle as ;i sterile ^usfK-ns™ for onuomusculiur 
injection (Pcrcorten T,, -V, Novartis). El has been 
approved Few use in the dog. 

2. Fludrncurtisonc acetate t Murine F acetate". 
Squibti) is available fur oral use as 0. L mg tablet*. It hat 
a half-life of approximately 8 Iwum in hums ns. Fludro¬ 
cortisone also has substantial glucocorticoid Klmty, 

Mare; AUntetne is <nl]f available for research, nut 
For therapeutic use. The structures of llw mincralocnr- 
ticuid compound! <ire ilumn in Fig, 33JS* 

TbenfKutk L'sc* Historically, 1XJCA was- die treat¬ 
ment of choice for the ns l rcenilurortimid deficiency in 
acute primary adrenal failure. However, this short -Lin¬ 
ing product is nu lunger on die US human or veterinary 
market. In animals thul are nut WOkkint fludrocorti¬ 
sone acetate may be used. It is adillitlisWftfd nr&lly hi a 

dose o i 0.I-D.5 mg/dug twice daily (Htwnig and Fer¬ 
guson 1991b), 

flor maintenance therapy either DOCP w fludrocor¬ 
tisone acelale may be Died. An initial starling dose of 
DOCP i* 2-2 mg/kg ni biiciy weight every 25 day* has 
been reeom me ruled (Lynn ft al. 1993). In the call a dose 
of 12.5 mg every 3-4 weeks ha* tan recoouueodod 
(Greco and Frierson 1989). These dOHA and Ihc lin« 
intervals uf Ifljectkxu may hf adjusted depending on 
the response to tlfcftnpy As measured by serum Na r and 

K* CODHfitTltkHH, 

Fludroeorti sone acetate must he administered daily 
fur the treatment of hypoadrenocorticism. Jn the.! dog 
the dose L* C). l-tt.5 mg orally twice daily or D.01 mg/kg 
divided every 12 hours orally. In Lbe cal the dDH is 
U. 1-0.2 mg divided «wy 12 Imn orally, The dose 
may have to be adjusted based on weekly electrolyte 
ineasurtnwnts- Once the animal is stable, tec hecks 
including serum Nu" and K* measurement should be 
mwk on a monthly basis. Dogs metabolite this drug 
rapidly and high doses may be necessary even fur less- 
ihan-optiimal results fHuenig and Ferguson 1991b) 1 . 

Side Effects. Advene effects of mincralocutticoid 
ceplaccmenl therapy are rare but may include 
hypokalemia, hypernatremia, muscle weakness, and 
hypertension, particularly in patients with borderline 
renal disease (Hoeing und Ferguson 199lb). Because 
ftodfOCOVtiJOae also lias, glucuconieoid activity, ani¬ 


mals on large doses may flbow signs of gklCOCOCtiCDkl 

CHCAB tLynn et al. 1993), h i> important that any fluid 

deficits be CMBtte d pridf &0 treatment with mimeraJo- 

ozftkoidfl. 


ADRENOLYTIC DRUGS AND STEROID 
SYNTHESIS INHIBITORS 

Therapy fur HypcradrTDOCDcljcism. Spontaneous 

hyperadrcHuw»rtki*M i* characterised by excess sccnc- 
Ciuh of the glucocorticoid cortisol. In K5-9fl4fc of coses 
in tbe dog and lbe majority of cases in the horse, the 
primary specie* suffering from this condition, the cause 
is excess At.'J'H production by the pituitary. The term 
"Cushing 1 * disease" 1 is the term used when the Eadmmd 
glands arc bilaterally hypertrophied and producing 
excess cortisol in response to ovcrpruducliun of ACTII 

by lbe pituitary eortieotrophs. In the hursc, on intenme- 
diale lobe pituitary tumor is the most common cause. 

Accordingly, m dog and horse, tlrehfi have been 
attempts iu reduce ACTH1 production with dopiimiiter- 
gic uumpnuflds lik:' bromergocryptinc or the aiftiscm- 
toninerp.Le agent cyproheptadine. The experience with 
these agents has largely been unsatisfactory in Lbe dog 
due tu toxicity and lack of efficacy, and (he Use of 
bi iDift g nayptine in Lbe horse is expensive and toxic as 
well. 

Luw hypothalamic dopamine concentrations have 

been etMfVHl in dugs with pituitary-dependent hyper- 
adrtsncstrtnicpsm- As such, dopamine deficiency has 
been proposed a* an underlying etiology fur this condi¬ 
tion. I.-Dcprenyl (Anypril*, Pfizer Anintoil Health), a 
monpuamtine oxidase B enzyme inhibitor lhai inhibits 
the breakdown of dopamine, has recently been 
approved For the treatment of pituitary-dependent 
hypCTudreiHicnrikisni in tin dog. 

Medical therapy for hyperadrcnocorticism in the 
dog has been primarily aimed lit reducing gluco¬ 
corticoid production by the adrenoJ cortex. The two 
mc*t 1'requwtLly used drugs are miltHiine arta.l kelo- 
cona/ule (Feld4tio4t himI Nelson 1987; Ferguson et at. 
1991; Hoodfl and Ferguson 1991a>. Both drugs ore 
U.*ed for hyperadrenoeoriicLsm regardless of etiology. 
This is not true for l. -deprenyl. Because Ll influences 
d»]pamine concentrations, il is only approved fur 
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TABLE MS —Suggested inhi-iil pr»4«cl for the 
uiiciiiii|il(fnl#d diabetic animal jivsnmiu^ SII> 
insulin iidiiiini^nilii^ 


7:50 

Cheek hUxni glattv>e 

T,55 

Fwd ate-tulf cplorie newts 

8:06 

Adfihini^cer Insulin, 0 .5 anics/kg 


suheu Lina tux l y 

16:00 

Cheek Hud glucose 

DDDH 

Cheek hfc>hj gli^prse 

2'M 

Feed uric-tiLdf eakrk needh 

4:00-24i00 

Cheek Wtsod glucovc every 2-1 hr 


Note: Bknd glucose BMHcnfeifikni only need m be muni- 

flnn'i I uni il gliitMMi . 1 L'iiiY. iTiliiil inn v ^Liri ri-.iiij' Lifter ihu insulin 

pole neiHHi has- been seefi 

As MHiin llx Eh? velcnnunim hus L'xLablidiud a cuictiVlunL 

response. the animal can be discharged. The owner should 

mnmkw and record urine rluco^e and 3kul ill timiiL 1 In 
addition, weekly blued glucose ducks by the veterinarian 

should he performed initially ;iL ihc lime nl' insulin peak. 

Jnsulkn dose can be increased by Jft-25% pet day. Feeding 
lime can be adjusted In emtimirc response if needed. 


udjuncl treatment in ketosis therapy. Il Imin been sug¬ 
gested lhiil insnlin therapy is, particularly beneficial in 
those eases of ketosis, that occur within Ihc first week 
of lactation and are nonresponsive to glucose or gluco¬ 
corticoid therapy done <1 tenJl and Emery 1991). A 
dose of 2DO-3W IU of protamine zinc insulin per ani¬ 
mal repeated as necessary at 24- to 48-hour intervals 
was administered. 


Adverse Effects, Acute hypoglycemia may result from 
excessive insulin dose nr iniMk^iuale food imLake. The 
brain is particularly sensitive In glucose deficiency, and 

riervuus system dysfunction is seen. Initially, umfusion, 
nervtsusness. tremblings nr hypeneHciubilvly may he 


seen, which progress to eomulsions if the hypoglycemia 
is not healed. Kura® syrup or other gluco«HXHnlainirig 
solution* can be used orally; however, the intravenous 

administration nf dextrose solutions- may be necessary t o 
alleviate Use hypoglycemic symptoms. Glucagon may 
also be used intramuscu larly (sec below). 

Tike body itself cnrnbal* hypoglycemia through the 
reka.se of jn^ulLiviuitagiinisiic humilities, primarily cal- 
eehokmines. glucagon, glucocorticoids, and growth 
hormone, “tins frequently leads to hypnglyctnita- 
induced hyperglycemia, also called Somogyi rebound 
(Crycr and Gcrich 1990 ). 

Antibody formation has been documented in dia¬ 
betic dogs- (Harb-HAt^er et ul. I99 h> and diiMe eat* 
(Ihieing et al. 2000). While this had; linl been exartiined 




in cuts the insulin dose wa* not different in iIkj 


presence nr absence of antibodies, and she clinical $*ig- 

niffcancc therefore seems lo be mi not. 


ORAL HYPOGLYCEMIC AGENTS 

Snlfunylurt-ah 

HISTORY. During World w r ar II, Jnnhon and col¬ 
leagues (1942) found that certain sulfonamide deriva- 
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Gi^ilide 


MG. 34.2 


sirucnire of iIil- sulfonylurea glipuiik 


TABLI! 34,6—Oral sulfonylurea iiex'iits ivallaJbk 
in the United States 


Tnlhnuunide: (Mum (Ujpjpfh(i)juid generics 
Toluonndc: Telirase ■:Upjotin) and gB a n r l ci 

QilopvDfMiTudc; 31 tahjrw.se (Pfizer) iad gerwrks 

Acevxumnide: Dyondor i Lilly \ and generics 
Glyburide Mbowk (Upjohn) and DiaBeta 

4 M<ILVll.SL-ttL!UiM:ll 

Glipidde: CrltKCtrol tPfizer) 

C jlinvpinik: Ainaryl lllucchxl Manim K-.iuwll 


lives being wed to trejt typhoid fever caused hypo¬ 
glycemia, After Lhe end of the war. derivatives of the-M* 

antibiotics were krsl used Eli Iruut pa lien lx with dia- 

hetn. Studies by LnuhatiLTcs showed that sulfo¬ 
nylurea* did not alter blood glucose concentrations in 
pancreatectomi/ed dogs and juvenile diabetics (i.e. P 
type I), which suggested that sulfonylurea* stimulated 
the pancreas to secrete insulin iLonbatieres 1946). 
Indeed, su I foiiy lureas have become Lhe major ihera- 
petlhc agent lived to treat type 2 diabete* in humans 
until recently. In type 2 diabetics, insulin secretion i* 
Sti.IL present although insufficient to control Wood glu¬ 
cose coneenfrurkm*. In most diabetic animals die 
insulin-HCRtoey capacity of lhe beta cells m lost, and 
iJtcy require insulin for treatment. 

Chemistry, The chemical Structure of the most com¬ 
monly used sulfonylurea in selerinary medicine, glip- 

izide. is shown in Fig- 34,2, Oral uironylim sgenfs 

available in Lhe United Slates are listed in Table .34.6. 
Sulfonylureas di liter in potency, duration of action, 
metabolism, and side effects. 


Glsuzidc 

MWHA.NISM (IF ACTK 3 N, In lhe ps.irKTe.iEie t>.Ki eells, 

sulfonylurea^ inhibit ATF-dependent potBssium (K r ) 
channels m the plasma membrane. This results in 
depolarization and release-of insulin (Anlomarchi et al. 

!W7). Becuu« ATP» sensitive K p channeb al^o otat in 

other tiss-ucs, sulfonytureas exert tis^uc-^peeifie 
responses through the activation of the channel:*. The 
extnipancroatic effects of sullonylureas have been 
described in deLail by Gerieh (1989b Sulfonylurea 
therapy augments the ability of insulin to knhibit 
hepatic glucose ps'iduciion ;tnd to stinuihne glueoM: 
itLihzalinL It is unclear if these effects ate direct effects 
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SECTION I_ 

Nutritional Pharmacology 



FAT-SOLUBLE VITAMINS 

MARTIN JL FBTTMAN 


Yilamin A 

Vitamin I) 
Vitamin K 
Vitamin IK 


The chapters in Section 9 are concerned with quantita¬ 
tively minor hut essential dietary constituent* that are 
required far optimal heaJtii„ growth* arid (HfcnuBce 
in. animal*. Eneluckdi in this list of essential nutrients 
wiLh prominent metabolic roles arc the fat-soluble viia- 
niiiw, mer^diibb vi trains, macroelements^ trace 
elements. and miscellaneous nutrients. including, the 
essential fall)' acids derived, fmm linuleir and Jinulciuc 
add! and the sulfur-containing amino add, taurine, 
[‘he4. 1 substances have divert: biochemical and struc¬ 
tural acLions which, are sometimes buried in the depths 

of complex physkAogfcuJ functions of the body, but nil 

serve vital roles. Lrocspedave of spedcs diflttncct in 
dietary requirements or reciprocity of functions. Most 
of Lhese nutrient* are provided in adequate amounts hy 
the nuLunil diets of animals Living in their usual envi¬ 
ronments. However. imposition i>f unusuail onira^ 


mental enndhions or performance demands, cam alter 
the physiological requirements for many of these sub- 
stances, and. formulation of diets tom alternative feed 
sources can change the biouvaiiability and interactions 

of lft£h£ nulrients fa addition, ipirtkiihu diseases can 

i nfluence Ihc absorption, metabolism, or excretion of 
•certain dietary constituents so chat conditional defi¬ 
ciencies or excesses may develop.. It is under these 
unusual conditions dial one must consider m addition 
to their nulrilional pntptTties. the phfllUlfiQklgicil 

aftribvtn of those nutrients. 

Prevention of dietary deficiencies or excesses, rather 
than the treatment of dietary imbalances, should he a 

gnat nf vcfenmuy med icat practice 1 , Thus, in 4his ;md 

I he follow ing chapters, emphasis will be placed on an 
understanding of the dietary interactions and biochem¬ 
ical fund ions of individual nutrients which are integral 
to their twrmal physiological rotes, and cm approaches 
to limit the incidence of imbalances that may impair 
he-alth or iiqpede performance. Where ubqutt inlor- 
naation regarding the sign* of dktaiy inihuUinu- is 
available, recognition of iln>se features and the tmt’ 
rnent necessary for their correction will he discussed. 
R* itiu. 1 ly„ information concerning the use of particular 
nutrient! in SupniphyskTliigical” quantities will he 
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presented with due atieniaon to eh c potential eonsc- 

quenm of thei r injudicious use, UiPitaiiiliated m 

of vitamin-mineral supplements in animal dietetics and 

veterinary therapeutic*; I m die potential to ereale eon- 
Lliiions LPf dietary imbalance more deleterious than 

those of the presenting. complaints. and further empha- 
■■■ i/es lhe necessity .1 Lienprelk-rhiw under^-aiding 
of nulncLLrfijil ph;imi a iLLi]LPjiy and its linflilaiinns.. 

Unless specifically slated I® the contrary, nil daily 
dietary requirements are based on the current recom¬ 
mendations of the National Academy of Sciences, 
National Research Council Committee an Animal 

Nutrition, Individual publications by ilus body give the 

nutrient requirements fra all major species, They are 
regularly revised and present usual fowl compaddans 
and normal requirements. as well as lexlual and photo¬ 
graph ic illustrations of deficiency syndromes. These 
publications arc a valuable addition L 11 the practicing 
veterinarian's library and for a nominal fee may be 
acquired from the Printing and Publishing Office* 

Ntuboiial Academy of Sciences, 2101 Constitution 

Avenue MW. Washington. DC 204IS. 


VITAMIN A 

ChtOlkil Structure. Vitamin A, or retinol, is a fat- 

soluble, loivg-chiin, unsaiuraledaleolnal with five (vita¬ 
min A,) or m (vitamin A_J double bond* (Fig., 35, tX 

The former is found predominantly in tissues of irumi- 
imh and marine fish, and (Iw laller hm been isolated 
from freshwater fish and possesses approximately half 

the hiulogiL-jil activity tif vilaimm A ( . Vitamin A has 

several isomeric forms, depending on the configuration 
about its double bonds, including the dl-fran form, 
which possesses the greatest biological activity, and 
several cri forms, which are Icss-aelive. Replacement of 
the alcohol group on carbon 15 by un aldehyde group 
produce* retinal. m\d replacement by m acid group 

pudupi retinoic acid. VlLamin A docs not occur in 
plants, but its precursor. Lhe carotenoids, do (Fig. 35.1 k 
Of these. (J-carutene possesses the greatest provitamin 


A activity; cKUdene, y-canrtme, mi ciyptodunrthiii 
are only about oiK-lwlh m potent (McDowell 1989a). 

Because only one molecule of vitamin A is produced 
from each molecule of p-camlcnf. pure viumiim A has 

twice the potency of ^caioioe. 


Sou rets and Chemical Fmpcrtks, Carotenoids are 
the main mum of vitami n A far herbi vores, mi many 

factors affect their avaiLabiIity, their potency as vitamin 
A precursors, and the efficiency of conversion to acLivc 
vitamin A following consumption. All green parts of 
plants contain. carotenoids and thus high potential 
provitamin A activity. Considerable provitamin A 

activity may he lost during hay-making, ens.ilmg- dehy¬ 
drating, processing, and storage of crops. 

Animal-fat products, paitnihlriy Fish oils and liver, 

contain large amounts of vitamin A. largely as retinyl 
paJnrutaLe. Lhe ramified form Annual by-products such 
as Lank age, meal scraps, and fish meals often have ItLLle 
if any vitamin A activity, by virtue of eumpoHtilm ami 
processing. Because lhe carotenoid concent of legume 
hay is so high, dehydrated alfalfa remains one of lhe 

best natural sources of provitamin A activity. Yellow 
com is the only eoncenirale containing significant 
amounts, with only about one-eighth LhaL of good 
roughage (NRC IW2). Commercial sources of supple¬ 
mental vitamin A are pmduced primarily from lish oik 

and from industrial cbemicaJ synthesis. Commetckal 
sources are usual ly alt-minr retinyl palmiliite or acetate. 
Natural: sources may be highly variable in potency 
owing DO differences in condition* during growth, pro¬ 
cessing. or borage. Oxidation of vitamin A upon expo¬ 
sure 1« hcnl nod oxygen is n pnavuntnt ancevU 

Several mclhods are available to determine 
carotenoid or viuunin A content: in biological speci¬ 
mens. Phy^icivlLt-iEiical methods are quantiCaLivc and 
include colorimetric reactions^ thin-layer uhmmaLogra- 
phy, g;;is chromatography and hjglir performance liquid 
chromatography (HPLC), Vitamin A activity is 

expressed in international unit* l IUj or in mierograrnH 
(Jig? of retinol equivalents. An IU has the biological 

activity of 0.3 |ig of nrLim.il or 0.55 jjg of retinyl palmi- 
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talc. One lU of provitamin A activity is equal la 0,6 pg 
of P-cBUTTtenc. One retinol equivalent is equal to I Mg or 

3.33 IU uf tdooL and 6 |ig or 10 IU of jJ-cwotene. 


BUikjgfcul CbanKterbtiCB* The conversion of ingested 

caratemokls into vhimin A occurs in (he small- 


intestinal mucosa and involve* two enzyme*. The first 
is l^iuniene-1.5,1 S'-diiTsygenaHe, which caLalyzes Lhe 
cleavage of p-carutene uL She central double bond Isa 
produce iwo ihdIgcuIh of reiiiNildehyde, The second 
enzyme is retinuldehyde redwlase. which reduces the 
retift&Jdsttydc to ret inn! fur uptake by the enterocytei. 
Because the cleavage enzyme is not present in the cat 
OT mink, these species cannot utilize caroteftitidl. and 
they must he provided with a dietary HMUtt of active 
vitamin A (McDowell 1989a). There are specif diiTer- 
ences in Lhe ability to gteorts caratenojdis rats, pigs, 
goats, sheep. rabbits* buffaloes, and dogs cleave virtu¬ 
ally all dietary carotenoids in the intestine; whereas, 
humans, cattle, horses, and carp absorb significant 
quantities for storage in tin; liver and adipose i|uue&. 
Breed differences in Lhe absorption of carotenuids are 


also lhe Guernsey and Jersey breeds of cattle 

readily absorb carotenoids and have yellow adipose tis¬ 


sue and milk tat, while Hblslems are clfkiunl at cleav¬ 
age and conversion to viuunhi A and have white body 


fat and milk fat. 

Similar to vitamin A derived from caiounoid^. vita¬ 


min A as the ptilmdicte or acetate ester in inimal or 
indnsliial SOUICCS is ahsnrlvd predominantly asretinnL 
thus requiring U* hydrolysis by pancreatic retinyl ester 
hydrolase, lipid micelles from the intestinal contents 
facilitate the uptake of retinol by cnterocyLc*, where- 
upon the retinol is estenfied predominantly to palmiLiile. 
incorporated into chylomicrons* and- taken up hy the 
lymphatic system for transport to the liver. When vita¬ 
min A is released from the liver. Lhe ester is hydrolyzed, 
retinol is released in the Mood,. and if is transpi ined by 
retind-biiiding protein (RBPX a specific carrier mnlc- 
cule synthesized; by the hepatocyte& (Goodman I9W). 
Nutritional status df the animal influences the synthesis 
of RBP: protein malnutrition reduces RE3M synthesis, 

and vitamin A deficiency Mucks RBP KCRtHD by the 
liver. The liver contains appro*!mutely 90% of UHll 
body v i lam in A: polar bear livers are ro rich in vitamin 
A thin their wnstMiipEkin may result in vitamin A toxic¬ 
ity. Measurement Of hepatic: vitamin A content may pro¬ 
vide niHitfe accurate infcumatiofl regardiu| an animal s 
vitamin A status than bleed Levels, which may be main¬ 
tained through long periock «of dteftuy insufficiency hy 
release from hepatic stores. 


METABOUC Functions. Vitamin A is required for at 
least five distinct physiological processes: normal 
vision, maintenance ol' epithelial integrity* reproducti ve 

fund ism* bone development and Immune competency 
(McDowell l9K9a). Retinoic acid cannot replace 
retinol for visual or reproductive function and cannot 
support nipid epithelial cell division or differentiation!,, 
hut can otherwise maintain normal growth and health. 


VISION. For normal vision, Lhe aldehyde form of vita¬ 
min A, 11 -t fj-rctimal., combines with Lhe protein opsin 
to produce rimdopsin, or visual purple, which reacts 
with light ;ind in the process iniliales tile arrivalion of 
the visual neural pathway* (Fig. 35.2), LijlH ei inverts 
I l-rf.¥-relinal to the all-Jmni retinuldehydc, which can¬ 
not sustain a stable Complex with opsin mid i s subtfe - 

qwently hydrolysed from the protein (Fig. .15-2). The 

energy derived from this reaction is converted to a neu¬ 
ral impulse w hich travel* along the optic nerve Lo Lhe 
twain. thereby mediating the visual process, because 
some uf the retinal is lost during i hi* process and must 
he replaced by vitamin A from the Mood, nutritional 
Vitim ill A deficiency results in progressive depletion of 
rhetdop^in, which is manifested by slower dark adapLa- 
lion r progressing to night httndites^, and by rod degen¬ 
eration, Leading eventually to complete hiss of sigbl. As 
pan of m function in maintaining epithelial integrity, 
\ iiatitin A is also required for normal conjunctival and 
corneal function. Vision may thus become impaired as 
a result of xerophthalmia, a manifestation of vitamin A 
delkHcroey in which she conjunctiva are dehydrated and 

ihe cornea becomes cloudy, ulcerated, inflamed, and 

keratinized. Bn cows, sheep, horsey and dogs, excessive 

taciimatitm may also result. 


nPira&LIAL INTEGRITY. In vLlamm A deficiency, lhe 
epithelial lining of the respiratory. gastrointestinal, and 
genitourinary systems may undergo morphologic 
changes progressing through coluiriiwr-lLi-eubiiidal and 
mb.iidal-Lu-sLnjCilied squamous. epithelial metaplasia, 

as well as k»s of mucui-secretiiig capacity, In Addition 
to loss of these systems* normal functions, impairment 

of lhe epithelial barriers to microorganisms may signif¬ 
icantly reduce an animal's resistance to stress and dis¬ 
eases Viiamin A-responsive dermatoses have been 

reported in dogs fed commercial diets deficient in vita¬ 
min A hut otherwise adequate flhnkc and Goldschmidt 
19B3). Some of these disorders were histologically 

cortipaliblt wiih human plirynod^Tma, u dm-ase 

though! to he associated with viiamin A deficiency. 
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mm A may +Jms iict ms 311 amicaririringen id the level of 
cel! differentiation.. (hereby preventing kw* of onrnrol 
of (issue growth. Studies have shown thit vitamin A 


has inii effect on (he incidence of cardiovascular disease 
nt cancer in humans (Greenberg el al. L99G: Henraekens 
eta]. IWft; Kushiclal. 1996). Other studies- of humami 
smokers- and of workers occupationally exposed Lo 

asbestos Iiuvt indicated the possibility il mi supplermeiv 
vat 11-infuvene may actually be —tori^od with as much 

as an I increase in Llie me idcraee of Lung cancer and 
a 16-26% increase in mortality doe to king cancer or 
cardiovascular disease (Alpha.-Tocopherol, Beta 
Carotene Cancer Iftreventi-on Study Group IW4; 
Albanes- eL nl 199b; Omwin v\ 11 L 19%). Safe and efifi- 
cacioMS levels of dietary carnJenoids and/or retinoids 
For the die mop re tttt I: io n oF cum remain (home t real 

and awuii djficdve experimental wificnkML 


Sin as of l^iliitni'}. In cattle, the signs of vitamin A 
deficiency include reduced teed! intake, slow growth, 
nyctalopia, xerophthalmia, la cri million g diarrhea, 
reproductive abrturtrtalilKs, and ifKfUKd sUSOOplihit- 
Lty (w infectious diseases. -Sighs in sheep ait .similar, 
with Hbrnimtitlihesi in wcmiI fiber sreoctMft and flKBfttl 
In pigi, reproductive perfomnance m impaired, includ¬ 
ing sl variety of developmental afimormnlitJes in term 
fetuses. In adults, nervous signs predominate, including 
ataxia, limb (reinWang, clonic spasms, and; paralysis. 
Vitamin A deficiency in poultry reduces disease resist¬ 
ance, causes nwrumuscular IfBOPBUBlilM, decmuei 

growth,, and ndo» egg production and hatchtbtliiy. 
Horn develop eye lesions +hr! visual itufiMlirtw 

simitar to those in niminjmK reproductive ahnomfials- 

ties, anottiLfl, and progressive weakness. In all species. 

vitamin A deficiency of sufficient severity adAv dura¬ 
tion will result in death* either due dbedly lo leticn 
nttiihurtabLe to retinoid deficiency or due to Infectious 
diseases developed secondarily to impaired! immunily. 


AsHsnncnl of Status, Cnleria used to evaluate viUL- 
min A status have included biological response lo sup- 

pIcnKiulaliofl, determination of hepatic vitamin A con¬ 


tent, and analysis of blood vitamin A concentrations.. 
Because blood vitamin A is maintained hy release from 
(he liver, in some species these values may be main¬ 
tained until! hryrir stores are depleted. Thus, low 
blood levels indicant deficiency, but normal values 
must be interpreted wi(b caution. For adult dairy cattle, 

liver vitamin A values Icmh than I KIAg are repre^cuta- 
livc of a deficiency {NR C. 1978*). Plasma vitamin A 
concentration* less than 20 jig/dL in calves and less 
(titan 40 ftgfilL in adult cattle suggest a deficiency 

(McDowell | 9 ffiiJ 0 - VhamLi A nines below 10 pg/g in 

ihc liver or he low 10 pg/dl. in te pi jump indicoig a 

deficiency in pigs (McDowell 13989*). 


Dietary' Requirements Itidifatiuns, and Use 


Intrinsic Factors. Theft ure dgnfiBcwt species 

differences iu the efficiency of conversion of jj- 


carotene to vitamin A, which in our in affect* dietary 
requirement* for hoih carotenoid* and retinoids- Rats 

and poultry possess the greatest ability frw conversion, 
while cats and mink possess, no conversion capacity 

(NEC 1936). Ruminants generally have- approximately 
□nchfourlh the cttWite n a bilily oF ills; horses, onpe- 
(hini die capacity uf rats; mud dogs*. one-half (he cupuc- 

i(y of rats. In any aperies the efficiency s.af jlcafotene 

conversion ilp vitamin A decreases with increasing 
dietary intake of Jk-carnlcnc. Ee^juirempcnts For |1- 
caro4.ene and vitamin A are greatest during pregnancy, 
lactation. and rapid growth. Deficiency during these 
phases of life in herbivores can be caused by feeding 
targe qu^mities of conucnir^iL:s that are poor sources of 
provitamin A activity. Ct has been suggested Ihai dietary 
(require used Is for growth in hunics may be 1.5-5 tunes 
higher than thurw previously published (Donoghue e( 
al. 1981; NRC 197ffl>k 

EXTRINSIC Factors. Stresslul envirorunenlaJ condi- 
duns and disease have been shown Ccp depress |i- 

cwmk coamwoo abdiiy GattrohRetlinal diseases 

may impair Kith P-citrulene conversion and absorption 
of vitamin A. In young calves who art ai risk for dcvel- 
opmeta of vitamin A deficiency owing lo limited 
reserves at birth, infection with Crypimptiridiitm 
pan-tom has resulted in iniestinal mucosal pathology 
sufficient lo msutL m significant nmpanrmenc of absorp¬ 
tion uf orally admiuis&ered vitamin A (I Sol bind ct al. 
1992k -SewMwwl effects m viumin A stilus hjive been 
observed in Iona owing 10 differences in feed 
cuutouid oatitMtr iKvnmubwd eSecti of M»mge « 

carofenoid stability, jnd changes in dietary re-Ljuire- 
menis associulcd with changes in envimnmenS. and 

reproductive status (Manpu e( al. I968a.b) fc 

filler dietary oOMtlbHOtS nimy hnw significam 
ini Lucnces no [k-ciirolenc or vitamin A stability in feeds. 
ubsorptBoni From the gul, or dispusitlon m (he body. 
Because bo(b (Warottmc and vitamin A are dcslrnyed 
by ujudation. the unsidurulcd Fill ccmLenl id (ted miiy 
affect (heir siahiliiy. partkuLarly undtr adverse coodi- 
cions of storjge nr handling. Tkiurifthll ^IciwniKv 
including iron, nnc, and copper, may act as catalysts in 
oxidative chemical reactions and thereby he detrimen¬ 
tal lo p-carotene and vitamin A stability. Dietary 
anODxidiuiiLs such as vitamin b may both protect p- 
canMene and vitamin A from oxidative breakdown and! 
improve giislroiitleiainal absorpLinn or utilizaliun. Un 
chq iither (lpvhI, in si*nc Kivdk'h Hie combined supple¬ 
mentation of Kith vitAinin A aiind E provided less pro¬ 
tection against bacterial infeciion ihaib dilber viiauuii 
atone, implying dueire muy be anlagonlstic c(Teels aL 

Ctfttia diet4uy lewllt (Tengerdy suid Noddl 1975). 

Pni-paraliims. Vitamin A is available in natural fish 
oils and. as u synthetic ester of acetate, propionate, or 
pal mi late Injectable and oral prepaniiions may be 
ubL-uincdl singly or us pari of * multivitamin prcpara- 
licwi. Simple, ;u|uwrih solution^ are indiHr-uted for injec¬ 
tion. Nut hcCiuJse oxidative indabdlity. chemieaJly 
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sliMLized hum of vitamin A are preferred for feed 
wpplemmtKiiPrn, Retinyl esters may be stabilized by 

protective coaling wills pel.ilin and antioxidants, 
included is part of a free-choice mineral mix Lure, or 
added with antioxidants to liquids such as oils or 
molasses thul are sprayed urtto Lbe Iced during process¬ 
ing. Single large doses may he given us intramuscular 
iilje£lk>iis in the prophylaxis or therapy Off specific ron- 

di Lion* or diseases which increase vitamin A require* 
ments. Large cteses may a! mi be included in drinking 
water or parenteral fluid preparations in the resuscita¬ 
tion of diseased nr convalescent animals. 

Toxicity. Of all the vitamin*, vitamin A is, mewl likely 
1o be supplemented at toxic levels, and signs of toxicity 
have been demonstrated in most species. Upper safe 
limits are between 4 and 10 limes I be nutritional 
requirements fur must nonmininatiis, and up to 30 times 
ihe requirement* for ruminants |NRC I9S7), Nevenht- 

less, the inappropriate rationale “If a little bit helps, 
more is heller' 1 penal ate, and toxicity remains a concern. 
Hypen-'iliimirKHas A is duractcrizHl by adverse effects 
caused diiectly by Che retinoids and indirectly by inter¬ 
ference wath the metabolism of other Fal-soluhte vita¬ 
mins. including vitamins D, F, oml K. Direct effects 
nmy be mediated by changes in cell andl organdie mem¬ 
brane integrity caused hy exces* retinol permeation. 
Indireci effects may include changes in other fat-soluble 
vilam in-depencknl functions, including bone formation, 
blood coagulation. and antioxidant funciiofis. Clinical 
signs of chronic toxicity may include skcleLid mot for¬ 
mations and fractures, reduced growth and dwarfism, 
weighs tusuh dcrmaSaaiei* mtcrniii, nrpnMhiirtivc pmh- 
lems, and enteritis. Acute toxicity; as bit been seen in 
humans consuming polar bear liver or excessive ‘"over- 

ihc-eoumer" supplements. may include drowsiness. or 
insomnia, leihargy or restlessness, headache, and gas- 
trotnteStiml disturbance?!- Significant elevations in 


plasma v-itamin A ennceuirali^ns (often greater than 200 
fig/JL) are diagnostic of toxicity; 


VITAMIN D 

ChtmkaJ Struct tut. Vitamin D activity is derived 
1mm a group of sterols of plant or animal origan Ehat 
undergo mn&farmacion by ultraviolet cl/V) hglu and 
subsequent modification by animal tissues to produce 

the active vitamin (Fig. 35.3). Hormonal properties of 
vitamin, D are essential to calcium and phosphorus 
metabolism, Frgocalafernl (vitamin Dj is derived 
from ergosterol, a plane sterol, and i* the most common 
dietary source. CholecalciJ'end (vitiunin DJ is pro¬ 
duced from 7-dehydjocholcstcfol. an animal sterol, anil 
possesses 2-30 times the biological activity of viLamin 
D,. depending on the species studied (McDowell 

IWWH 

Source* and Chemical Properties. Lrgoslerol is the 
main source of provitamin D activity for herbivores, 
and many factors affect its availability to anirrak, 
potency as a vitamin L> precursor, and the effic iency of 
CDtivenuan to active vitamin J? hilkw mg ccmurnpEkm., 

Crains, roots,, and oilseeds contain only small aiamints 
| of vitamin D activity (NRC I9A2), All green pans of 
plants contain ergosteml and thus h igh potential provi¬ 
tamin D activity. Fresh green fodder contains link 



exposed to UV light from the sun. so that crgnstcrol 
becomes activated. Thus, unlike other fort-soluble vita¬ 
mins.. viiiimin D actrvifty increase* with maturity, owing 
Lu an increase in the number of dead. UV-exposed 
Leaves. Artificially dried and bam-cured hay contains 

less vitamin D than hay that has been cured in die 
Of the animal sources for vitamin D, meat, unfortified 
milk and buller, and animal by-product* contain lillle 




FIG. 33 3 
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Biolngkil i haratiiTislks. Absorption of vitamin li 
is dependent ini fat digestion Lind is therefore facilitated 
by biliary and pancreatic secretions. Dietary vitamin E 
esters are hydrolysed in the intestinal mucosa, and 
most vitamin If is absorbed as lhe free alcohol! into the 
lymphatics lor Bruns port to the circulation. The eili- 
dcncy of vaBamin E absorption is less Lhan that for vita¬ 
min A, with n-iwiplienil being best absorbed, and 

other forms hemu less- well absorbed. in general corre¬ 
spondence waih their leaser biological activities. A 

standardized, oral vitamin E absorption tost used 

widely in humans has been adapted for use in horses ci> 

av^css giedrewtmestinid handling irf dietary vitamin E 

{Craig ci ul. I[991 i. VSluviii). F. is stored by all body tis¬ 
sues hut predominantly by the liver. However, these 
stores arc less than those for vitamin A and are more 
rapidly depleted hy dietary deficiency. 

Metabolic Fwnoions. Vitamin E is required prin¬ 
cipally for its snUnxidanl effects, which in turn modu¬ 
late several physiological processes including mem- 
brane ^Lructure and prifcitag landin biosynthesis, blood 
coaguluUiin. reproductive function, and immune com¬ 
petency (McDowell I989c>. Some Tigris of vitamin E 
deficiency cm be averted by dietary HUpplemernaEkm 
w ilh other antioxidants* |hc mew* important of which is 
selenium, a coi'actur for the free radical-Ljuenehing 
enzyme glutathione peroxidase. 

AfiTftBCIDANT iJ*lEttS AND MEMBRANE: INTEGRriT. 

Vitamin E functions as m unBiosidnnt hy neutralizing 
free radicals and preventing membrane lipid percniida- 
tkm (Fig, 35.6 l At the ulirastmctural level. 1 hits spares 
membrane micmarchilecture and enzyme activity and 
prevents- Lhe accuinulaLMin of oxidative read ion by- 
products which may perpeluaie the cascade erf free 
radical damage. Oftnw evittestee of these functions- 
incluLle^ maintenance of erythrocyte membnine stuhil- 
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FIG. 35,6—The pathogenesis of lipuperostidaucin and the 
rnlesof selenium. and vitamin E in its eontroL (Run [Vhfore 
ami Ktrfin 11991 -I 


ity and capillary blood vessel integrity,, inliibititm of 
platelet aggregation, and prevention of nutritional] mus¬ 
cular dystrophy aikJ encephalomal ac la. Its effects 
ilk;hide promotion of prostaglandin E synthesis, rather 
than thromboxanes or leukotncncs. from arachidonic 
acid in a variety of tissues, which may in turn affect 
many systems' fu rk; I ions. In human subjects., entlins- 
eyte sJusecpLibi I ity to oxidative damage correlates we 13 
with eiyihroeyie vitamin E content (Simon et aJ. 1997 k 
In rats, free-radical-medialedl lipid perox idation a^x"i- 
atod with hyperthyroidism is amdiorated by vitamin E 
supplemeniiiiEiLm [Seven el al. 1996). However, dielary 

vitamin E supplementation in horse*dm not appear to 

reduce the severity of exercise-induced oxidative dam- 
age, fls indieiued by changes in gluiual muscle ihiohor- 
hituric-acid reactive substance* and conjugated diene 
concentrations (Srciliano et al. I W7k Likewise, vita¬ 
min E supplemental ion had no effect on symptoms 
associated with experimental aflatufcktisis in growing 

swime (Harvey et al, 1994) or endophyte-infested 

tall fescue toxicosis in lartaiing dairy cows tJackson et 
al 1397). 

KKPRtiDl'crroN. Vitamin E and selenium are I In night 

w he requdired for normal reproduct i ve function, and 
dietary ^upfrienKmUUkm has improved fertility and 
reduced the incidence of some reproductive dSwrton 
in several species. In cattle, injection with selenium and 
ora] vitamin E: supplementation have been found to 
reduce Lhe incidence of retained ploccnla. meLnlis. and 
cystic ovaries (Hamsun et al, 1984), ll has been pro- 
jWMd chat the incidence of rehnuedl fetal uwiuhraues in 
cows may be rclaleil to prepurliim oxidatiw 
which is responsive to vitamin H supplemental ion 
(Bneczinska-SlebodzinsLa et al. !W4|, In sheep, lone- 
Lerm injeelicHis with vitamin E and selenium had no 
effect on fertility nr prolificacy hut did increase 
preweaiiing sun ival of lambs significantly (KiMl el al. 

19S3). 


iMMum function. Vitamin E deficiency has been 

BssocLolcd with an increased frequency and severity of 
many inleetious diseases, because of alterations in 
iramune system responsiveness. Stress alone can 
depress serum and tissue eoneeiinrjLioins of vitamin E, 
and suppIcmcniaEion of stressed cattle with vitamin E 
can ameliorate other stress-induced chemical changes 
{Kuckels et al. I 1 :^). Vitamin E deficiency has iwullnd 
in reduted lyitiphcieyie irirnsfiwmanion and prnlifera- 
tion in revpofiw to various mitogen^, and impniri'd neu¬ 
trophil pliiigoeytie and bactericidal functions (Lang- 

weiler et al. I^B3: Lessard ci al. IW11. Both in vivo 
and in vitro supplemeniaticin with vitamin R have 
resulted in enhanced mitagcn-MjinuLaled lymphocyte 
pmliferatinrii, cell-media Led toxicity, and nalurul killer 

cell activity (Reddy et aL IOT7). Likewise, con- 

canaval it! A-stimulatiKl mtPrtoilodear cdk from vita¬ 
min E-supplemenlcdl steers expressed 55% higher 
interleukin-1 mRNA in vitro lhan cels from unsupple- 

mented OTtmalx (Stated ut al. 1992)'. 


Copyrighted material 












Hidden page 



Hidden page 



Hidden page 



CJteijjlrr t FAT-SCH-Uil « VITMUIMS t UartimJ, Ffttma* f WJ 


Aai«-aied 

C-rjiigulatitjiv 

Protein^ 
fit, VII, IX, X| 



t 

Source 


FIG. 3541—Vitamin K pulkipalKtn in the KfiimioDof cng- 
illation protein*. t Adapted From Mourn d al!. 1982.) 
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functions io lahitize the j^iydrogen, which is mltfr 
quently ciafboxylaled by CO. (Bell I97R). Vitamin K- 
deficient animals continue lo produce the coagulation 
factors, but (he factors acre ndt active sn hmw^liLSLs. 

CALCIUM METABOLISM, [n addition to the vitamin K- 
dependenl coagu laEion factors, several other proteins 
with fcubtuy^lutzinii acid residues Ihal are pre- 
*umed to be dqKvtdmc on vitamin K For Lbeir synthesis 

have been identified, including o$teocaldifi> which is 
necessary for normal bone fncmarion (Gallop cc ml, 

J9W)). Tissue* with dystrophic mineralization and cal- 
cium-coTitiiming kidney stones have also been shown Id 
contra proteins with y-carboxy g 1 u L a m k acid residues, 
leading to the hypothesis that these groups are central 
to protein interactions with calcium or tuber divalent 
cations (McDowell L9S9d). 

StgjU of Mkitney. The predominant clinical sign o( 

vitamin K deficiency in all species is unpaired hemn> 

stiLsis., resulting in uncontrolled hemorrhaging and 
physical signs related Co blood loss anemia cur blood 
accumulation in body cavities, which impairs normal 
I unci ion (in the thorax, impeding respiration: in the 
joints, causing locomotor)' disturbances; etc.}, Defi¬ 
ciency is usually *een only under condition* where 
enteric mMd synthesis h impaired, such a*, when 

oral ant ibiotics are used, or when metabolic antagonist* 
ire consumed, such as dicumarol from moldy sweet 
clover or warfarin From nxknlicides (Oswciler L97H: 

Mount etiL 1982). 


Alien— rnt of SMih Criteria used to evaluate vita¬ 
min K status, have included biological mponte to sup- 
pbimmtiiLion. determination dF activated blood dotting 
time or pro thrombi n time (Dodds. 19H9), and analysis 
of blood vitamin K concentrations (Mount and Km 
1989). When coagulation, times are abnormal I y pro¬ 
longed in the absence of liver disease, a vitamin K defi¬ 
ciency should he suspected. 


Dietary Requirements, Indkiilioin.v and 1st 


Intrinsic Factors. As fur the other fin-soluble vita¬ 
mins, Ihe requireitieiiL* for vitamin K are greatest duT- 

\ng pregnancy; lactation, and rapid growth, The pm- 

tinl for deficiency during these phases of life is 
increased by the superimposition of other condition* 
which affect vitamin K assimilation and metabolism. 
Vitamin K deficiency may also result when fat diges¬ 
tion and absorption are abnormal 4 lx in biliary obstrue- 
tion or inllammatoPp bowel diseases. 



Extrinsic Factors. Olhcr dietary constituents 
have sjgTiiricanr influences on vitamin K viability in 

feeds, absorption from the gut, or disposition in the 
body. Because vitamin K is destroyed by oxidation, 
mnsaturated fat conic nl of the feed mav a Elect its stabil¬ 


ity, particularly under adverse conditkms of storage or 
handling-Tfliwkkir demente, including iron. ?inc, and 
copper, may act as catalysts in oxidative chemical re;ic- 
lions and thereby be deni mental to vitamin K stability. 
Dietary anLioxidanls such as vitamin E may protect 
vitamin K from oxidative breakdown. In copnjphagous 
animals, vitamin K deficiency may result when their 
access to feces l and hence to microbial I y derived 
mirooqui nones) is blocked* Exposure to viLarnin K 
idUugOilkl* must always be considered in the evalua¬ 
tion of pi'nential vitamin K-dependent alterations in 
bemchsteiis (Dodds I9S9: Byars et ml 1986: Green et if. 
1979). 


Preparations. If provided with natural dietary sources 
iiald/ur if enteric microbial synthesis is functional, sup¬ 
plementary vitamin K is not necessary. For animals that 
are expired to vUanill) K antagonists, receive oral 
antibiotics, or have impaired 
lion, injectable and oral preparations of menadione 
may be obtained singly or as part of a multivitamin 
preparation Simple, aqueous solutions are indicated 
for injection, bin because of oxidative instability, 

chemically stabilized forms of vitamin K are preferred 
for feed supplementation. Water-soluble derivatives or 
menadione in combination with sodium hi sulfite or 
dmnethyi-pynmidmo] bisulfite are more stable and may 
be further protected by coaling with gelatin and antiox¬ 
idants. included us part of a free-cbmce mineral mix¬ 
ture, or added with auCNixidiWHs to liquids such as oils 
or molasses that are sprayed onto the feed during pro¬ 
cessing I Me Dowell I989d). Single large doses of 
menadione may be given ax intramuscular injectimis in 
ihe pltiphyla.fc;i^ or therapeusis of specific condilions or 
diseases which increase viiamm K requirements. Large 
doses may also be inclutkdl in drinking wuLer or par¬ 
enteral fluid preparations in the resuscitation of dis¬ 
eased or convalescent animals. 



Toxicity. The natural fonois of viiamm K. phyllltiqui- 
JKme and meoaquimme,. are relatively nonlcnuc even ai 
high doses. The toxic dietary level of vwnadjme is 
approximately 1000 times the nuintiotuiJ requiremcni 
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for mow animals (NRC 1987), The median lethal dcm 

for Lb single purentcrjil injection of menadiotic in chick.*, 
nriee. rails-. rabhii*. and ting's, is in the range of 75-200 
mp/kg body weight, ami ai lent 3-4 times that for a sim 
gle oral dose. Clinical sign* of mtfmcstmn may 
include hemolytic anemia and hemoglohmuria,. and in 
burses a single parenteral dose of menadione hisulfhe 
in the range of 2,1=8.3 rngAg body weight pncMluced 
iK* jIc renal failure (Rebtiurn et al. 1984). Significant ele¬ 
vations in plasma vitamin K amcenlriilions arc diag¬ 
nostic of icwiurily. 
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WATER-SOLUBLE VITAMINS 



MARTIN J. FETTMAN 


Thiamlnt (VUunln B„> 
Riboflavin i Vitamin B z ) 
Niadm iVliamkn B,) 

Vitamin B, 

PunMhmir Acid 

BkhtiJi 

Faiadn 

Vitamin B u 

Choline 

Vitamin C 


THIAMIN iVITAMIN B t > 

Chtmkal Structure, Thiamin. or vitamin B |8 was the 

first of [he B vitamins in he totaled mid consists of ;* 
pyrimidine ujhJ a Ehiazo-le moidy joined by a methyl¬ 
ene bridge (Fig, 36.1). Mttt of the thiamin in 4inirnul 

dHKi own m phosphoric fetid esters appivri maitly 

W/fr as cliiaimii pyrophosphate (ITP) k Llfti- ns thiamin 
triphosphate (TTP)g, and IfKi- B Thiamin munuphuH- 
phate (TMP) and free thiamin (McDowell IM9k). 

Sources Md Chmtkul Properties. Brewer s yeast i* 
The ridwt mural tewu Lpf thiamin. Cereal grains, 
their by-produces (particularly the gcrm and seed 
coal*), and oilseed meals are also relatively rich 
sources., the content dependent on the level of protein 
(NRC 1982), Thiamin content in ftxrages is related to 
leufiuess-. greenness,. and protein content uaid decrease* 
with maturity. Reasonable animat sources include liver 
kidney, egg yolk, and dried skim mill:. Commercial 
sources of supplemental thiamin are produced prima¬ 
rily from yeast and from industrial chemical synthesis. 
They any available a* tl*v hrytkochloride and Hftomol- 
tratc sails, the latter having lower water solubility and 

greater siahdliiy. Natural source* may be highly van- 
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able in potency owing to differences in conditions dur¬ 
ing growth* processing, or storage, and hydrolysis upon 
exposure AO heat and moisture is a prominent concern. 

I leal-labile substances with thiammase activity 
occur in certain types of raw fish, shellfish, haelcria, 
and mold* (McDowell TOlffliiMtt acLivity 

develop* with putrefaction and has been attributed in 
fish (a a breakdown produce of betnoglobtft which 
splits, ihiamin at Us methylene bridge. Thiamin occurs 
in many species of fresh- and saltwater fish, wl uirv ie is 
found prednniimmrly in the spleen, liver, inlestifws.. and 
heart, and can be destroyed by cooking. Jls production 
* by ruminal bacteria appears- to he induced by rapid 
changes to hj^h-conccnlfaLc diets (Haven ei nl. Infill. 
SubstllHB with onLiLhiamin activity occur naturally, 
such as the phenolic acid derivative responsible for 
bracken fern poisoning in hones (Somugyi 1973), and 

rue synthesized industrially,. such as ihc avian and 
bovine coccidinslat. aniprolium. Thiamin deficiency 
has been described in caLs and dogs led fresh, minced 
meal preserved with sulfur dioxide as a sulfitlng agent. 
which il capable of cleaving Lbiamln into its con¬ 
stituent pyrimidine and thiazole moieties. (Sluddterl and 
Labuc IWI), Physicochemical methods far the deter¬ 
mination of thaamm content in biological specimens 
um quantitative and include fluommrtnc spectroscopy, 

tihiurlayer chnnutognfkjf, and liigh-perfarmaace liq¬ 
uid chroiuaiography (HPl.Cl. Thiamin content is 
expressed as milligrams (mg) per unii dry matter of the 
substance assayed. 

Bkikipnl Churmltrirtky Given adequate hydrochlo¬ 
ric setd production in ihc stomach, thfamko from natu¬ 
ral sources Is readily digested and absorbed. Phos¬ 
phoric acid esters are hydrolyzed in the snuiJ] Intestine; 
free thiamin is absorbed by bath passive diffusion and 
active tampon praams and is Transported in the 
hlcKxj m the (issues bound lo a earner protein Organs 

with higher metabolic activity, such as liver, kidneys, 
heart, and hrain. maintain the highest levels, though lit¬ 
tle is stoned for times of deficiency, with ihc exception 
of the pig. in which muscle levels arc quite high (Blair 

tend Newsome IM5). 

■ 

Metabolic Functions. Thiamin functions mainly 

in iLs TPP form as the cncnxyinc cncarbaxytasc, which 
is required lor oxidative decarboxylations of fi-keto 
;lciU* (McDcwdl 1Thiamin la th ere fo re 


am#- 
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siiTj 1 for (he conversion of pyruvate in acciy l-coenzymc 
A (CaA| f for entry of carbon units into Lbc tricar¬ 
boxylic acid (TCA) cycle, and for decarboxylation of 
i~l I-.l. 1 i (iy 1 1 l i; l i l t_ acid Go succinyl-CoA, for (xm^nuoi of 
the TCA cycle. TPP is also the coenzyme for tnurske- 
toSase reactions in the (rjdditht pentose pbDBphUe 
pathway, wherein 2-caibon units are transferred from 
ribukwe-5*phosphate to ribose^S-phosphaie, producing 
sedk.ilirepiulO'S.e-7 * phcttptail c and glyecraIdchy dc-3- 
phosphate Tliis is essential for ribonucleotide synthe¬ 
sis and nicotinamide adenine dunuclcotldc phosphate, 
reduced (MADFH), production for fatly acbd synthesis. 

NFAfBOPHYSIOLOGY. Because many of the signs of 
thiamin deficiency art* associated with mural dys¬ 
function, several specific rotes have hem proposed 
For thiamin in nervous tissue ( Read and Harrington 
Iflftfi, McDowell 19Wa) 9 Through, its role as cocar- 
hoxylasc, it would be required lor derivation of 
energy from oxidative deearhoxylMion of substrates 
in this highly mclabnltoJly active tissue. Through its 
role us coenzyme for imnsketolase. it would he neces¬ 
sary for normal fatty acid and cholesterol production, 
thereby affecting neuronal membrane synthesis and 

integrity. In addition,, it as also necessary for Lhe syn¬ 
thesis of the principal neurotransmntter. acetylcholine, 
and for the passive l ran sport of sodium across 
excitable membranes, 

Sip of Deficiency. Thiamin deficiency in animals is 

principally mediated by thiam in antagonists, or thiami- 
nases. and is thus associated moat with Feeding of raw 
fish viscera to carnivores, fern poisoning in nonru mi - 
nant herbivore*, ditfiMy changes to concentrates in 

romlnute, or cocddiostat overdosage in poultry and 
ealllc. In ruminant^ thiamin deficiency i* characterized 
hy weakness, ataxia, paresis, anorexia, and diarrhea, 
followed by signs characteristic of polioenccphaloma- 
Idem, including blindness, head-pressing, cuilvplxioftet 
paralysis* and opisthotonos l'Edwin et al. 1982:; Haven 
et al. 1983), Deficimcy in pigs progresses From inap- 
pet oat and poor growth to sudden death due to myo¬ 
cardial inflammatkm andl necrosis, -cardiac arrhyth¬ 
mias, heart failure, and circulatory decompensation 
tBlair and Newsome 19H5). tn horses., clinical signs 

include lethargy, amores ia. weight loss, ataxia, cardiac 
arrhythmias, muscle ■remora, and convulsions (Cunhu 

1991 a). Thiamin deficiency in dogs produces armrexia. 
emesis, Ekpusflion, paraparesis. torticollis, circling, 
and convulsions, progressing to death (Rend and liar- 

nngLon 1982, 1983. 1986k In pofidtry, neuromuscular 

effects predominate, including anorexia, paresis, 
opisthotonos. convulsions, and signs of polyneuritis 

(Orifis and Scott 1972). A syndrome of sevcie tactic 

acidosis and circulatory shack in humans maintained 

with mtal parenteral nutrition tacking in thiamin has 
been described, and animals should he monitored for 
this condition as well (Print et al. 1991). Experimental 
induction of hydrogen sulfide-induced pohoenceptado- 
muliiciii in cattle by feeding high-sulfur, luglvcoiicciv 


trate diets has confounded the issue of etiology and Ihi - 


ummase paftkipaijon in naturally occurring cases of 
whaL was previously thought to he thiamin deficiency 


in fccdlta and range cattte I ftager et al, 1990; Gould ci 
ill. 1991), 


Assessment of Status. Criteria used to evaluate thi¬ 
amin status have included biological respond to sup- 
pi erne nlalion. detenriiiuHiiMi of products of interniedi- 
atc metabolism ihat a re dependent on thiamin's 
function as a cuen/ysne (such as Mood pyruvate or lac¬ 
tate level si, anti analysis of enzyme aftiviiio for which 
thiamin is a cofoctor (such as erythrocytic transkctnla.se 
activity), Analysis of blood aid urine thiamin concen¬ 
tration* offers a direct indkttkid of status bill tech¬ 
nique* have not been widely Standardized' and the 
detection sensitivity for tile various thiamin esters 
vanes with the method employed 


1 >k'1 ;i3“v Requirements, Indication*, and l.sr 

Intrinsic; Factors. There are significant species 
differences in the availability of thiamin synthesized 
by intestinal micro-flora, which in mm afFect* dietary 
requirements. Animals with functional rumens do not 
have a dietary requirement for supplemental thiamin, 
although growing calves and lambs arc as susceptible 
to deficiency as sumple-stomacbed animals. Adult 
hor*«$ are thought to absorb up Eo 25% of Che free iJns- 
amin produced in. the cecum and probably have no 
addi.LU.mal dietary requirement. Animals which prac¬ 
tice coprtrphagy likewise are ^upporicd by intestinal 
mk ro hiafl thiamin synthesis. Thiamin requirement* 
increase with gestation, lactation, growlh, nr egg pro- 
duetion. Increases in thyroid hnUott re tease and 
metabolic rate induced by environ hieilL disease. Of 
neoplasia increase thiamin requiireiiwmt.v, as dues 
increasing age. owing to decreased dTiekltcy of thi¬ 
amin utilization. The urinary excretion of thiamin 
increases in polyuric renal diseases, thereby increasing 
the dietary requirement. 

Extrinsic Factors. Stressful environmental condi¬ 
tions and disease have been shown 10 depress thiamin 
utilization, GastroinCesiina! disease* may impair both 
enteric flora thiamin synthesis and subsequent absorp¬ 
tion, Gastrointestinal parasite* have been shown to 
compete with the host animat for thiamin,, thereby 
increasing dietary requirements Other dietary eon,- 
xcituenis may have significant influences on thiamin 
stability in feeds, absorption from the gut. or disposi¬ 
tion in the body. Because Lhiamin is destroyed] by heal 
and moisture, environment may affect its stability, par¬ 
ticularly under adverse conditions of storage or tain 
dling, Sjpoiled or moldy feds may corndn thiamin 

aniagofiivls or develop Ihiaminase activity. The reed 
for thiamin increases dramalieally wilh increasing 
dietary carbohydrate intake (Mdtowell 1989a). Con¬ 
versely, dietary" fats and, proteins apparently have a 

fc, [hiumin*sparing" effled. There h hok evidence itail 
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thiamin msy be effective in the ircaimem of lead toxi- 
city, although it* mechanism of aeiion is- uncertain 
(Brail on ri al. 19 

Frepara Limas. ITnamin is available in yeast extra:ls 
and an a synthetic ester of hydrochloric or nitric add. 
Injectable and oral preparations may be obtained singly 
or as part of a multivitamin preparation. Singh: large 
m#y he given as parenteral injections in the pm- 
phylaxix or therapeutics of specific conditions or dis¬ 
eases which increase thiamin requirements, such as for 
nouaffected ruminants in herd outbreaks of poiiocn- 
cephalomaliieia or for carnivores when as little as 10ft 
of their diet is uncooked fish like carp. Large dose* 
may also he included in drinking water nr parenteral 
fluid preparations in the revusciUilion of diseased or 
amvaJescent animals. 

Toxicity. Oral and parenteral [hiamin in Large (knet i^ 
usually not luxic, For most animals, uppo safe limits 
ore approximately 1000 times their nutritional require- 

meins (NRC 19871. Ijjjrpe intravenous doses in animals 
have caused vasodilation, bradycardia, hypotension, 
irspiratory depression, and death, but this may have 
betn due kd hydni ch lofklMadti^ adMw abnor¬ 
malities rather than to thiamin Uself. 


RIBOFLAVIN (VITAMIN 

t himti Jtl Structure. Riboflavin, or vitamin II, wai 
die second df die B vitamins to be isolated und ffWtft 
of n dimethy Ilioa]Inuzine tore with a fibow side chain 
(Fig- 562}. Riboflavin onus as the free alcohol, as 
flavin mLURiniLdeuttdc fFMN;, ribofluvin-5-phfwphaic3, 
and iLSi flavin adenine dinuekertide tFAD) (McDowell 

IWb*. 

Sufi:ifes und Chemkal PropcrllHr Brmc^i yeast is 

one u-f the richer natural hutch of ribofliviD. Cereal 

grains, and their by-products an low- in riboflavin, 
oilseed meals are fair souses, -and rapidly growing, 

green. I^afy forages arc very good sources (NRC 
1982). Commerciul tWttt of supplemental riboflavin 
are produced pri manly from yeast and from industrial 
bacterial synthesis. They ant* Available as the 
hydrochloride and momuiiLrahr salts, ihe latwr having 
lower water solubility and ffUtef stability. Natural 
sources may be highly variable in potney owing to dif¬ 
ferences in conditions during growth, processing, or 
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storage, and hydrolysis up in apoan to light and 
alkalinity is a prominent concern,. 

Up to one-fourth of riboflavin present in pet foods 
may be losl during the extrusion pm?ess.. Physico¬ 
chemical methods for the determination of riboflavin in 
biological specimens are quantitative and include fluo- 
rometnc tpedHHCfipy, chin-layer chrcunalography. and 
HPLC. Riboflavin content is expressed ;r% milligram* 
(mgl per unit dry matter of the ipIhIbw Assayed. 

liLuln^ieal t'ha r-jel eristic*. Following hydrolysis of 
riboflavin nucleotides by phosphatases in the -.mall 
intestine, free iribdftarui is absorbed by both passive 
diffusion and active iranspoat pmccuct and is phos- 
phurylated back to }\MN in the cnlmxyles. I^MN is 
transported in ihe Mood to the liver bound to albumin 
and is converted to FAD in hcpatocylev where uhoul 
one-third. of the body'* minimal supplies arc stored for 
release upon demand. Organs wills higher ndabottc 

activity, such as liver, kidneys heart, and brain, riiain- 

laift the highest levels, though little is stored for turn 

of deficiency. 

Metabolic Functions. Riboflavin fwo cikm malnfy 

FMN iind FAD, the prosthetic groups for Fluvoprotcin 

cn/ymcs which participate in the transfer of electrons in 
biokfitll redos reactions. (McDowell 19ii9bJ. Some 
example fltVOpCQlebu are Lhe lenUc dehydrogenases 
(amino acid oxidases, glucose oxidase k anaerobic 
dehydrogenases llipoyl dehydrogenise, succinic dehy¬ 
drogenase), ai*d midws (untfckK nldw 1 , nlnti- 

namide adenine di nucleotide, reduced |NADHj- 

cylc^hniffTie mlueliisis }. Thu*, rihidljivin plays li key rtih" 
in the metabolism of carbohydrates, amino acids, and 
Fak and is central to the pmo&ats, oi milochondnal res¬ 
piration and oxidative pbHpfatiCyllfiOft 

Si^nsiif IK'flriviicy. Rilmflavi n Jcflckncy in animals Li 
j characterized by nonspecific signs related Us its univer¬ 
sal rote in cellular metabolism. Because mnunul fiar- 
menLUHin produces adequate riboflavin for the nJulL. iLs 
detkieney has only been characterized in young, grow¬ 
ing ruminants, m which fliuiresiji, dfllbo, pow gntwch, 
loss of hair, circwmrarji] skin lesions, and excessive 
Ucrimation and saliviatkin have been 4ihservcd. Defi¬ 
ciency in growing pips producer imexia, poor growth, 
dermatitis, alopecia, ataxia, emesis, and visual deficits, 
IngesXatlng swine, riboflavin deficiency cajuses abortion, 
premature pufluntwins stillhiiths, and greaiur p?suiatal 
mortality pf piglcls \Frank ci al. WS4; Blair and New- 
some l^h.*i). Intestinal lennenLalirm supplk^ M ihiii is 

: required for adult hone*, but dlfKlI signs produced by 
exptfrimcrtially induced deficiency included lethargy, 
j anorexia, severe weight loss, and poor growth (Cunhu 
19fllb)l It has been hypothesized that riboflavin defi¬ 
ciency might eontnibuBc to the develkiptnenl of periodic 
ophthalmia, hul this has never been CLuilInneiJ (Cunha 
3 991 by. RSboflAvon defickncy in dogi pnxhiCH 
AUHk reduced rahr% of g.n^wih, flaky dermatitis, ery¬ 
thema, miLsck weakness, ataxia, and ocular lesions 
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(MRC m$i QduC l-L aL 1996). In cats, riboflavin dcll- 
dency nmy cause hepatic lipidosis mid alopecia as well 

iNRC 1986), In poultry; neuromuscular e fleas are 

observed in growii^dikbM"curled Doe paraly^iC mid 
in laying hens as repraduLlive Mure (NRC L9H4). 

A?»ses>nicnl of Hiatus. Criteria used lo evaluate 
nNjflavin status have included biological] response to 
supplimicuLaliou arid analysis ufenipe activities fur 
which riboflavin isacofaaor (s-urfi as erythrocytic glu- 

talhione reductase activity) (Frank a al, 1988: 
Cline efc aj, 1996). Analysis, of Hood and urine 
riboflavin ccmecnlmtionh, offers a dilWt indication of 
stalus bill first requires hydrulyi ie treatment to nekflM 
Free riboflavin From Ms esters. 


Ilietury HiquinnicnCs, IndksliiHK, and Lee 


INTRINSIC FaCTO PLS. Animals wiih fiinctkMij rumens 
do hOE have a dietary requi rernent for vuppleinenlal 
riboflavin, although growing calves and Lamhh are as 
susceptible [u deficiency as are vimpte-shimiiched ani¬ 
mals. Adult horses arc though! its absorb adequate 
riboflavin from that prcdueed in the cecum and proba¬ 
bly have no additional dictiuy requirement. Animals 
Lhuil practice c opiophagy likewise are supported by 
intestinal miCJCftia] thiamin syuLhesis. The riboflavin 
requirement of adult dop for maintenance has recently 
been dkmimnstrated tit be higher (“67 pig vs. 50 pg/kg 

body weightfd&yj dun previously accepted(diine cl al. 
19%}. Riboflavin requirements itterease wuh gesui- 
Lion, lacwinn. growth, or egg prwluerkifi. Increases in 
thyroid hormone release and mciaholic rare induced by 
environment. disease, or neoplasia enhance the rale of 
riboflavin c onv enk m into its mononucleotide and din- 
ucteotide esters, Pregnant animals produce riboflavin- 
hmdiiig proteins whose synthesis is dependent un 
nlEfcn levels, which may facilitate placental transfer 
of riboflavin to the Ictus. The urinary excretion of 
riboflavin increases in polyurie renal diseases, thereby 

increasing ihe dietary requirement. 


Estrisspc Factors. Stressful emir nnincnLiJ erm dic¬ 
tions like km temperature and disease have been 
shown 1o increase riboflavin requirements (MtlViwcll 

I989h’) I G^lJointestiftal diseases may impair hoLh 
enteric flora riboflavin synlhes is ami subsequent 
absorption. Giber dietary constituents may have signif¬ 
icant inflipenceson riboflavin siability in feeds, absorp* 
Lion from the gut. or disposition in the body. Because 
riboflavin is declnKyed by light and alkali, adverse con¬ 
ditions sif nonage of handling and alkalinizing feed 
addi tives like sodium bicarbonate nmy affect its siabil* 
il.y. Ihgh-eoncentmte feeding increases rihofiaviii pfo- 
duaion by ruminal mieroflora (Miller et al. I9SUV!, 
and antibiotic feeding decreases it (Milleret al. 19K6b.i. 
.Supplemeniafi nicotinamide also prevents the decrease 
in milk protein observed when diets of high piftiducing 
cows are supplemented with calcium salts of fatly acids 
(CmmlEsetal. 1996}, 


Preparations, Riboflavin is available in yeast 
extracts, as crystalline riboflavin produced by chemical 
synthesis Of bacterial fenlit'iitticiim, and as the Water- 
soluble phosphate ester*. Iiipeclijhle aihJ oral prepara¬ 
tions may be obtained singly or as part of a mulIivita¬ 
min preparation, Single large doses may he given as 
parenteral in jections in the pmph s lax is or therapeusls 
of specific eonditkms or diseases which .increase 
riboflavin requirements. Large doses may alio be 
included in drinking waLer of parattcral fluid prepara¬ 
tions in the resuscitation of diseased or cOftvmle^ceiil 

lid mils, Difference* exi&E in Ihe gasEroink^tinal 
abmpdm and subsequent metabHisin of nientink 
acid and nicwimmiide, NiccuiiMiinide i* ahwiheJ mote 
rapidly, huE rapid deamidation in ihe rumen may negate 
dm effcci in rumiinanss (Campbell et al. 1944}, lhow¬ 
ever, some s^>uree effects on niacin nvetabolism, such jls 
cfTects on ccIIuIcksc digcsnon, remain to he explained 
(Campbell el al. 1994: Cervantes ct al. I Wb). 

Toxicity. Ofj.1 mu! poremcral fitkjflavi.n in Large doses 
is usually not toxic, lior miisl animaJs, upper safe lim- 
ils are approsiimakvly 10-20 limes, and passably 100 

limes, their nulritwfial reqiiiremencs (NRC 1987). Very 

large parenteral doses in labocrator) 1 animuhs have 
caused reproductive alnornulities and death, htil 
advene effects have not been reported in domestic 
species. 


NIACIN (VTTAMLN RJ 

ChtiiltiJ Stnidulr. Niacin, or ^ itamin B r i> simply 
y modified pyrimidine synlhevized from Erypli»phan; 3- 
pyridslfie carboitylic acid is nkounk acid, and 3‘pyri¬ 
dine amide is nicodnarni.de, nr niucinumidc [Fig. 36.3y 
Most of the niacin in animal lissues occurs as pfu!>s- 
pburic arid esters with adenine, nkrolmamide adenine 
dinucteotide (NAD), md nkuiininnide aoknifte Jmu- 
clcotldc phosphate (NADPj (McDowell 1989c). 

Sou revs and Chemical Ihriperties. Niacin is ubiqiii- 
Icms in its distribution among planls and animals, and 

because of its stability when subjected Lo many of the 
usual enviiunmenval stnssses k much activity is main- 
iained during ihe pelleting process of feeds by stcaiti 
and pressure or following cooking. Commercial 
sources n-f suppLcmenLal niacin arc produced prinsiLnly 
from yeast and from industrial chemical synthesis and 
are available as the acid aivd the amide. Natural sources 
■nay be highly variable in patency nwimg tu differences 
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Prepuntions. Niacin is. uvuilable in yeast extracts, 
and both injectable ami oral preparations may be 
oh lit! i*ed singly or as- pan of a multiviiamin prepara¬ 
tion, Single- Large denies may be given as parenteral 
injections in the prophylaxis or Iherapcusis of specific 
condition. 1 ! ur diseases whkk llKRW nt&cill rttquire- 
mots. 1.urge do so may also he included in drinking 

wafer or parenteral fluid preparations in the resuscita¬ 
tion of diseased or convalescent animals. 

Toxicity* High Levels of niacin cause vasodilation. 
Itching, Jteal Hensatiuns, nausea, emesis, headaches, 
and skin lesions in humans (NRC IM7), In hbonfocy 
rodents, high niacin intake has been show* to ioowe 
die KtiWty of hepatic inb^AlflCtkif) oxidlH and 
ndws 1 re Rubio tie DHtabotilfalg cruynie*, which can 
affect the metabolism of a variety of drugs and toxi¬ 
cants, In dngs. 2 g/tlay of nicotinic acid produced 
Ibkpddy feces, convulsions. and death. Upper safe Units 
are approximately 350 mg nteuiinamidefltg body 

weighL/-day, represeming N)-1000 times [he nutritional 
requirement, depending on species, and ucotink nod 
may be tolerated at up to 4 tames Ihi s leve 11N RC 198*7). 

VITAMIN U 4 

Chemical .Struct u re. Viiamin B apdv ity is attributed 
in three substituted pyridine compounds with equal bio¬ 
logical activity in unlmuls: the alcohol form, pyridoxol 
CpytidoxitwH the aldehyde form, pyridnxal: and [he 
amine form, pyridoxamine jFig. 36.4™ McDowdll 
lySWj. Pyridoxol penn mostly in plants, white the 
aldehyde and amine predominate in animal tissues. 
'Iben? are. in addition, two axozyme forms of the viui- 
min: pyridosal phosphate and pyridtuiimine phosphate 

Soiiirefs -I ml Chemkal Properties Vitamin B n is 

ubiquitous- in its distribution among plants and animals 
(NRC I9S2)l Vitamin B h av^ailability is greater from 
animal sources than from plant sources [«fhaps due to 
difference in iissue protein binding. Breaux of sus¬ 
ceptibility in breakdown upon processing or storage, 
much iCtmty may be lost during the pelleting process 
of feeds by sit-in and pressure or fbUowiflg cookilg. 

CouhdhcU huh of supplemental vitamin B t are 

produced primarily from yeast and from industrial 
chemical synthesis and are most often available as the 
lljfdivdikiuk wait qfpyndwnc. Natural toons may 
be highly variable in potency owing to differences m 
conditions during growth, processing, or storage. 


FK3. 36.4 


Substances with anti-vitamin R activity have been 

r ^ 

synthesized, including deoxypyridouiK, the anttwber- 
cular drug isonieotinie acid hydra/ide (i wound)- the 
anlihypertenstve drug hydrukizme., and lrdflfHL Physic- 

ochemiad HKibndH for the tteto mh uttfot) of vi tniii B c 

eonlenl in biological specimens are quantitative and 
include fluoromeuic spectroscopy, thin-layer chro¬ 
matography, gas chromatography, and HFLC. ViuLinin 
R content is expressed lls milligrams (mg ) per umt dry 
matter of the substance assayed. 

B-kitegJcil CharacteHsttor Free vitamin R Enm imt- 
urfll HUM k readily fHgWtwl and abrnbed, predom¬ 
inantly from the smalt intestine. Fhosphock Kid esters 
j\$v- hydnlynd by alkaline phosphatases in the small 
intesline, absorbed by passive diffusion, and trans¬ 
ported in the blood to the liver, where most is converted 
t* pyndoxiil phosphate, Roth niacin* as NADP, and 

riboflAvm, at Qavoprototn pyridouiuiK phosphate 

oxidase, are necessary for phosphorylation of vitamin 
B to form the active cociuymes. Organs with higher 
meUiJbolic Activity, such as liver, muscle, kidneys, heart. 

iukd bfiiin. maintain the highest levda, i hough little is 

stored for times of deficiency. Pyridosal phosphate is 
transported in the blood primarily in association with 
albumin and inside erythrocytes 

Metabolic Functions. Vitamin B fc functions 

mainly in Irs entinryine form of pyridonl phosphate il\ 
\k codHtfbmylfltt for reactions involved in transami¬ 
nation, decurboxylatn.ui, deamination, desulfhydration. 
hydrolysis, and synthesis of amino acids lMcDowell 

1989(0 Synthesis of ilarin from tryptophan requires a 
vitamin B^-dependent enzyme, kynureuina.se. Vitamin 
R is required for ihe first step in porphyrin synthesis, 
wherein succinyl-f’oA and glycine condense to form 5- 
aminolevulinlc acid. Vitamin R also plays a role in the 
synthesis of arachjdkmli: acid from linoleic acid, 
hydrolysis of glycogen to glucose-1 -phosphuLc. synthe¬ 
sis of tin* biogenic amines and InflHpantkm of Inn 
into hemoglobin. 

Sifpa$ of DcEckoty. Vitamin li„ deficiency it uncom¬ 
mon ill adiill mmifluOls, wIlosc needs arc (WLwictecI by 
ruminal microop^anisms. However, clinical signs oJ 
detlciency in growing calves have heen documented, 
including antnrxia, diarrhea, poor growth, vomiting, 
diarrhea, visual impairment, microcyLic. hypochromic 
aiieiciia. arid nervuus disufdeni- diu: to ckinyelinivjilicni 

of peripheral nerves Followed by uxonal degcneralnm 

(Bluirafid Newssime 1^85| B Vitamin B ft defic i en c y hus 

not been documented in horses, presumably due to 
adequate endogenous synthesis, and production by 
inLestinal microllorj tCunhu I99ld). Viiaman JJ defi¬ 
ciency in dogs and cuts causes inappctence. weight loss 
or growth depre>siOrt. ^tuxiu. OOMIMw seizurts. car¬ 
diomyopathy, and mkncytic, hy p o d fonic arieiniu 
(NRC 1985, 1986; MtDewNI 1989d> L.xpeTimental 
pyridn-xiiK 1 deficiency in growing cats also induces 
renal lesions, characterized by tubular atrophy and 
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odd. and m deficiency increases linolenic acid produc¬ 
tion and alien oHSfii>3 fatty add rat m. 


Signs of Dtlklt^ Biotin deficiency in animals most 

ehainMttaristieaJiji produces significant changes in the 

integumentary system. Its deficiency is uncommon in 

adult ruminants and horses., whose needs arc provided 

by ruminal and largerinte*tiiisLl microorganisms, 
respectively (Curaha IWfcf), However, resolution of 

brittle hoof lesions has heen reported in some horses 
supplemented w ith biotin (Combers et al. 1984). Many 
practical swine dicta, particularly those based on corn 
or soybean meal, cm mill marginal levels of available 
biotin. Deficiency produces anorexia. poor growth. a 
dermal iris. characterized by dryness, roughness, and 
ulceration, inflammation of [he oral musctj&a, and crack¬ 
ing of the soles and lops of hooves (McDowell I989f). 
The feet become sort and rubbery and arc prone lo 
abrasive dimmge, potkytarly on rough flooring iLJIjiir 
and New Mime 1985). Biotin deficiency in dogs and cals 
■s unedorunno hut k charseterlMd by imppetemt* 

weighs loss,, dennatitiis, and alopecia iNRC 1985, 1986; 

McDowell |(Mt9f). Biotin deficiency in poultry reduced 

growth rates and caused dermatilis., hyperkeratosis 
brittle and broken feathers, and severe foot disorders. 


as well as chondrodystrophy and perosis (McDffWfil I 

I989f>. Signs of biotin deficiency 1 in poults re m nbb 
those for putodMik: add deficiency, In tom and 
mink, biotin deficiency occurs whenever diets contain¬ 
ing raw egg products- are fed and is characterized by 
lethargy, scaly dermatitis of the paws. exudation from 
tlte eyes, and discoloration and km of hair (Wdir et al. 

1980)- Experimental biotin deficiency In mice has 

resulted in skeletal malformations of ihc developing 
fetus, including cleft palate- micrognathia, micromelia, 
syndactyly, and deformLties of the cervical vertebral 
arch t Watanabe and Endo 1991). 


Assessment of Status. Criteria used to evaluate biotin 

staiii:*- have included biological response to supplement 
ration and measurement of blood or urine concentra- 
lions. However, the latter have proved unreliable and 
have been replaced by measures of pyruvate cstnkv- 
lase activity (a biotin-dependent enzyme) in the plasma 
or mthnxytni in poultry and by liver biopsies i ra mam¬ 
mals (McDowell L989tf), 


I Jirijirv Kcuuirt'im'-nts. biBcilHBfi, and Use 

Intrinsic Factors . In adult ruminants and horses, 
biotin synthesis by gaseroinlestiinal mkvuflorn is ade¬ 
quate under resting condition^ but as is the case fin 
other species, requirements increase with stress, 

growth, gettaioA, or Lactation, thereby necessitating 

supple memtai ion. The urinary excretion of biotin may 
mere me in poJyuric renal diseases, thereby increusing 

the dkrtary requirement 

Extrinsic Factors. Dietary polyunsaturated fat 
content can increase biotin requirements in poultry and 


in rats, whereas induskm of additional anEkwidanta 
Ulce ascorbic acid or (Mraftool protects against 

oxidative damage and! reduces the required dietary 

level (McDowell I989f). Stress mi other dietary fac¬ 
tors may increase biotin requirements, and gastroin¬ 
testinal diseases may impair enteric flora biotin synthe¬ 
sis and subsequent absorption. Oral antibiotics abo 
increase its dietary requirement, by inhibiting normal 
enteric micro-flora production. 


I^reparations-, Biotin is available an yeast extracts and 
as a synthetic lOMb crystalline product. Injectable and 
ord preparation* may he obtained singly ur as pan of a 
multivitamin preparation. Single large doses may be 
given as parenteral injections in the prophylaxis or 
Lherapeusis, of spearific ciwuli lions or diseases which 
increase hiotin requirements. Large doses may also he 
included in drinking water or parenteral Hu id prepara¬ 
tions in the resuscitation of diseased or convalescent 
animals. 


Toxicity. Biotin is nontoxic even at higher doves. En 

rats levels of about 4-10 times the nutritional require¬ 
ment caused reproductive abnormalities in gestatin^ 
females., but tolerances have not otherwise heen ade¬ 
quately evaluated in triber species (NK.C 1987). Because 
a high pri.ipK.srT.Mir1 of administered biotin appears 

Ln the urine few excretion, it is thought to be tolerated 
even at relatively high dose* (NBC 1987), 



FOLACIN 

Chemical Structure. Fuluiit activity is attributed to a 
group of compounds based on folk (pccroylglutamic) 
add (McDowell I9ft9g), Pure folic add Ls preroyl- 
maiwglutaailc acid, which consists of a pteridine 

nucleus linked in p-ammobenijoic acid and one glu¬ 
tamic acid moiety (Fig. 36.7>. Most of the fotacin in 
natural sources occurs a* pteroy I- y-L- polyglutamal^i 
with from one to nine glutamic acid residue*, Change* 
in ihe state of reduction of the pteridine group and 
addition of various I-carbon suhstiluents cun produce 
modified folacin compounds such as 5,6,7.8-tairahy- 
drofolte acid, the principal coenzyme form, or 



2 . 4 ,E-aubailrlLrlwd pfarln prumi^tiiniDic gikAirriJc 

■tfl hH 

Fo 4 lc add Ipt-eroylglutamic add) 
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N^meihylwtrahydwfulic Add, the principal storage 
form of the vitamin. 

Strums 4ind t.lumicnl ITupcrEies,. Fulacin is found 
widely in both amnia] and plain, sources, mainly ss 
tetrahydrofolie 4urid and pdyglutamuie derivatives 
(NRC 19S2), Because of its sensitivity lo light and 
Ik'tfL much foliicin Idivity is lost upon cooking or pro¬ 
cessing of feeds. Folate analogs have been synthesized, 
predominantly for antimicrobial and aniicancer ther¬ 
apy. They may apt hy binding to dibydrofolate redue- 
Ease and blocking the conversion of ptfemylmonnglu- 
Eamic acid! lo lelraJiydrohdic acid or hy blocking I he 
transfer of nHrtltyl groups in™ tetratiydrulolic add Eo 

acceptor compounds in rnetaboli&in. Sulfonamide 
antibiotic* are analogs of ^-imivNbenzoie acid and 
competitively inhibit folacin synthesis by microorgan¬ 
isms. Naturally occurring folate antagonists id cole fa l-l I 
in moldy feeds can block intestinal microbial synthesis 
of foJacin. Physicochemical methods for the dCierani- 
natkw of lolacin con lent in biological specimens are 
ijuaulihilive and include amcm exchange, paired-ion 
wew phiisi*, conventional never*; phase, and fiuoro- 
metric HP1.C, A nunisofifk, cloned enzyme donor 

immunoassay system ha & been developed for (he auto¬ 
mated assay of folates in scrum (van dcr Wpidp cl nl 
IW1). Fblaem content is expressed as milligrams (mg) 
per unit dry nmiEEer of Ehe substance assayed. 

Binliigkrul Characteristics. Pulyglutamate forms of 
fot&cin muvi be hydrolyzed ly pieroylmoTiugluiLamale 
prior to abruption by the intestinal mucosa (McDow¬ 
ell 19®%). The inlsstiml coqjugasc mpmsik for Hits 

ncAction is a wnc-dependent enzyme, and its activity is 
inhibited by acid condition* and drugs dual lower intra¬ 
luminal pH. Rcroylmonoglutainate is absorbed hy 
active (tampon in the proximal small! iniralint. and the 
poly glutamate Forms arc reconsurucLed iund mm tsporled 
lo the Lissues for storage, principally in the poLygluLa- 
RkUi forttis, bolus; m-bi railing proteins faeililate inles- 
liiud mucosa] uptake, ErajYspi«n: in the blood,. mid uptake 

and storage by peripheral tiswes. Liver contains up to 

half of body stores, and adult requirements can he met 
from stored folates for a prolonged period of l ime. Vit¬ 
amin B . deficiency cun impair both the conversion of 
plernylpolygluEamates Eu pEeroylmurwgJuLaiimle and 
the transfer of methyl groups fmm methyl LeUuhydxufu- 
late by methionine Byn/theiiise, thereby leading lo a sec¬ 
ondary fohicui deficiency. 

MiiTADOLJr FUNCTtON-S. Folflciin, as 5,fi,7,S-lctraliy- 
drololie acid, i s essential to the transfer of single-car¬ 
bon moieties in metabolism (McDowell 198%). In its 

role as u methyl-group donor, it is reaponsibte for the 

synthesis of purines and pyrimidines, the inicro^ii ver¬ 
sion of serine and glycine, histidine degradation, and 
Ihc transfer of methyl groups Eo homocysteine to form 

unctliimiinc, and to ethariolaniine to form choline 
(McDowell 1969s). Because of its central role in 

nucleic ;lcilL synthesis, i t is essential for cell division in 


rapidly growing tissues such as intestinal mucosa and 
hone marrow. By virtue of its effect cm rapidly dividing 
cell populations, folacin deficiency has taen linked to 
immune system dysfunction as well (Blair and New- 
some 19BS). 

SLgns of DeUdcicy. FoLacin deficiency in animals k 
diaructerized principally by effects on tissues with 
rapid rates of cell division. Macrocytic anemia and 
leukopenia develop because inadequate nucleic acid 
precursors are available for normal hemuopote^is. 
Cytoplasmic maturation and hemoglnbimzafiofi of cry- 
thro id prmirs4irs continue in the absence of normal cell 
division, and macrocytic or fnegalobbstic erythrocytes- 
are produced. EpMhdial linings of the gastrointestinal 
trad and epidermis are also affected. Its deficiency is 
uneornmnn in adult ruiTiimims and horses., whose needs 
are provided by iruminal and Large-intestinal microor¬ 
ganisms, respectively (Cunha I.Wig). Experimental 
deficiency in growing lambs fed a semisyuihetic diet 
hies- been durmcriicd hy leukopenia, diarrhea, and 
pneumonia. In gestuilmg early-E acta turn dairy cows, 
large decreases in scrum folate levels have been pre¬ 
vented hy iniramu^cular administration of Madn, sug¬ 
gesting that supplementation might increase folacin 
availability to the fetus and improve neonatal perform¬ 
ance (Girard et al L9S9). Studies in growing dairy 
heifers have documented id increase in weight gain, 
feed efficiency. hematocrit, and blood hemoglobin con- 
eentRUkMI following weekly intramuscular injections 
of 40 mg of ffrladn tmn 10 days to 16 weeks of age 
(Dumodlindal. 1991). Inadequate folic acid intake in 
growing pigs and feeding of sulfa drugs to adult swine. 

ihereby inhibiting normal microbial synthesis of 
folacin in the gut. result in a deficiency characterized 
hy anenKUL, leukopenia, diarrhea, and a reduced growth 

rale (Blair wd Newsome 1985). Folacin deficiency in 

dogs and cats has been characterized hy inappecenee, 
weight loss, anenrua. leukopenia, and glossitis (NRC 
1985. 198b:; McDowell I9S9g>, In dogt T decreased 
antibody responses io infectious canine hepatitis virus 
and canine distemper virus have been dociuiiL-nted 
(NRG 1995). Fnlacin deficiency in poultry is charac¬ 
terized by megaloWastk" anemia, poor growth, poor 
feather development, depagmentaiion of feathers, pern- 
sis. reduced egg puducih ui and huk-liubi I ity. mid spiis- 

Ekwvkil paralysis (McDowell 198%), 

A gmwing body of I iterators has asMci4ned Hiyper- 
homocysleinemia, caused hy dietary folate deficiency, 
with increased risk for occlusive vascular disease in 

hurmns (UeUind and ReAum 1989; Oarke et al. 1991; 
Kjang eE $L 1992). Homocysteine is a normal con¬ 
stituent nf hndy tisMtes and fluids and is. derived by the 
cleavage of f-^fencKyhantx^ which is pro¬ 

duced from S -adenusyI methinn i ik: when it donates a 

methyl group fur other synthetic reactitwis. Hyperfou- 

mocysteinemia arises from a deficiency of eystathLcm- 
inc |i-synlhase activity (which catalyzes the synthesis 
of cystdnc from homocysteinie and serine) in the hered¬ 
itary disea*; homocysiinyria or from si dcfidcau-y of 
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folic acid, which is required for the re-methy lacicm of 
homcaystcine by ^-meLhylleLrahydroColiile-lHimcjcyv- 
teinc melliyllriuiHfcru^c (methionine synlhiLse). Ah link 
4J5 a S pimnl/L increase in pti^mn hoffiocyidlfe con 
ttrurdtiun ekvaies the risk for fOfofKiry after y dteeue 
by us much as a 20 rngAIL increase in choles¬ 
terol (Bousbey -et il. 1995), The risk foe adKtwkr^ic 

viLvciilar disease in folate ddkiimcy-related hyperho- 
mneysieiinenua relalive SocubomocyHeiincinlc individ¬ 
uals i\ eMimased to he approx imaiely 2.2 (Graham a 
a]. 1997). Consumption of 5 mg folic acid twice daily 
for one week, followed by once daily lor two weeks-, 
resulied in si decrease in plasma liornwysleine levels of 
approximately 4 pjnoVLin miWly hyperhon^ysieine- 

mic subjects. i;Rasmussen et al. 1996). Folic acid sup¬ 
plementation of as hltle as 4U0 (.tg/day has produced 
similar hooKX^>‘sceiffle-1 cowing effects 1 Boushev & ill. 

1995), Whether nacursJly occurring folaie-iwpaitivt 

hyp^honHKysieinemia ot its associate vascular dis¬ 
eases occur in animals is unknown. 

Assessment or Status. Criteria used to evaluate' 
folacin status have included biologies] response to sup¬ 
plementation and measurement of sown and erythro¬ 
cyte cuncenlralions. Because signs of vitamin B n defi¬ 
ciency may mimic Lhose of folacin deficiency, 

concentrations of the former should be siinultta«iuly 
evaluated. In folacin deficiency, Ihe degradation i if his¬ 
tidine into glutamic acid is interrupted, producing 
increased levels of tcHimmintigiutamic acid (HGLUju 
an intermediate acid. The amount of F1GLU excreted 
in ihe urine follow ing a histidine challenge corresponds, 
wel] with erythrocytic folate levels and offers a means 
of assessing functional s lores of folacin in the body. In 
humans, ptum Local homutysteme concentrations- ft 
hi hip-- after a slandardi^ed methionine loading test (I iKi 
mg/kg body weight per era) stress the pathway fur irre¬ 
versible degradation of homocy steine and serve as a 
market of folate status (Graham et al. 1997). 

Uidarv B^uinTiii vll^ Eiidiralion-*. a rid Lsr 

INTRINSIC FACTORS. In adult ruminants and horses, 
folacin synthesis by gafiraiirtescinal micmfloni is ade¬ 
quate under resting condition*, hut m is site case for 
other species, requiremeintH increase with stress, 
growth, gestation., or lactation, thereby necessitating 
supplementation. Supplementation of sows with folic 

acid [hmughoLit gestation has cemsisiciuly prodiicd an 
increased litter m apparently as a result of improved 
embryonic nr fetal survival in utero (LtndHVWMl 
1993), The mtare rapid the rate of growth in young ani- 

muK or the greater the level of pfoductLon, the greater 
the need for folacin. Whereas the supply of folates in 
the diet and by rumen microbial -synthesis is adequate 
Lu maintain gestation and lactation, the requirement in 
multiparous or high-prod wring lactatmg cows may 
exceed natural supplies, nrces*itaiing supplementation 
during ihe first fr-ti weeks of tacfacion (Girard el id. 
1993}. The urinary excretion of folacin may increase 


in polyuric renal diseases., thereby increasing ihe 
dietary requirements. 

Extrinsic- Factors. Bieuuy ddlciendest of choline, 
vitamin B |SI . iron, and ascorbic add have all been 
reported w> increase fbJuebi requirements (McDowell 
l9S9gV, Increased dietary fiber intake as xylun, wheat 
bran, and hcans has increased intestinal microflorj yyn- 
thesis, of folacin ! Kcagy and Oacc [ 9 Ji 4 k Stress may 
increase folacin requirements, and gastrointestinal dis¬ 
eases may impair both entenc microbial folacin syn¬ 
thesis and subsequent absorption. Oral antibiotics, par¬ 
ticularly sulfenuudu, also increase its dietary 

require incm, by inhibiting normal enicrie micro flora 
production. Elevated serum lolate cimecntralions are 
commonly observed in dogs with ttarcriite paiR'KAlle 

insufficiency (Williams 1996). This may be explained 
by *e«>ni lacy small-intestinal oragmuih with bacteria 
that either synthesize or release foliate and/or by 

enhanced fohie ahsLuption as a resuh of reduced pan¬ 
creatic bicarbonate secretion and decreased duodenal 
pH (Rutgers ei al. 1995; Williams 1996). 

Frcpiarations. Folacin is available in yeast extracts 
and iLv a synthetic 100% crystalline product. Injectable 
and oral preparations may be obtained singly or as pint 
of a multivitamin preparation. Single large doses may 
be given sis. parenteral injections in the prophylaxis or 

therapeusis of specific conditions or diseases which 
incTea.se folacin requirements. Large doses may also be 
included in drinking water or parenteral fluid prepara¬ 
tions in the iHURciuitan of diseased or convalescent 
animals. 

Toxicity. Folacin is nonlaxic even al higher doses. Jn 
rats, single parenteral doses greater than IWM) limes the 
nulrilional requirement have induced epileptic seizures, 
and m rabbits, intraperitoneal injection with 50 
nig/kg/day for 10 weeks induced renal lesions, but tox¬ 
icity has mu otherwise been observed in species stud¬ 
ied to date (NRC 19S7; Campbell 1996). 


VITAMIN B l2 

t’hemleal Slriiciure. Vitamin B ia activity is attributed 

to a group of cniiypounds whose siructure resembles u 
porphynn ring consisting of lour pyrrole nuclei cou¬ 
pled LngeLhcr uj Llial the initer lulTLigcn ali^ui ol each 

motety is cwrdbated with a central atirni of cobalt 

(McDowell I989h), The cowlinaied pyrrule stnuctu-re 

is also called a comn nucleus, and a nuclciwidc- is cou¬ 
pled to ihe ErOt]pill ilium bj its n i. ^intl Lu j pcopi- 

onicadd moiety oftheconin nucleus D ring by □ phos¬ 
phate ester, When cyanide (CN) is atuwhcd so the 

cobalt atom, above the plaiiar ring of I he molecule* j| is 
called eyanocohaLamin^ the most common and most 
stable form of the vitamin (Fig. 36.8). The CN moiety 
may be replaced by H.O (aquaoubalainin), OK 
(hydroxycL-ihslamtn). NO, (ntfoeobaJaiiiafi), or Cl f, 
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CHj-CONH^ 


NfijCD—CHj 


NH^OQ— 



HO—CH 2 


HCi. Jfi.H- - V Limn in H , (LryufiLKuhalLunink (J-Tixm MelijwulL 

Iflftj 


( ttfltfy'ktifaftlflfttin K, and vunmn nucleotide modifica- 

ijcvflK may produce jidcihisylnlMliiiiiD <ir dtfnxyadkmn- 

siylcnhatainin, which along with hydroxy- arad mclhyl- 
cnhaJamin flic she predominant forms- in animal tissue* 

(McDowell 198%)- 

Souitcs and Cbntihul Pnjprrtin. Vitamin B in 
mature arise* solely from bacterial synthesis and not 

bom ytast or fungi. Vitamin R u ts fnund widely in ani¬ 
mal source mainly as cyiinncflhqljiinin. Flam material* 

contain virtually no vitamin B (NRC 19K2JL Vitamin 
R analogs have been identified, predominantly con- 
si*ting of intermediate* in the biosynthesis ol 
cytmiTCo-hidamin. "they have I iiile in no activity and do 

not act as vitamin R aotagoauti. Fhynrodimical 

mcchtjjs for the dtiemiina.di.wsi of vitamin B content in 
biological specimens arc quantitative and include col¬ 
orimetric procedure* wherein released cyanide is com- 
plescd with a chroiruigeii and CLHiipriitht protein-bind¬ 
ing methods w her-; in cyanocobalujiiiil in tel inateiiilfc 
displace* ladmcttaty labeled cyanncnholamin in the 
reaction. A nonisotopic, cloned enzyme donor immuno¬ 
assay system has been developed for Lho -automated 
assay of vitamin B in serum (Kuemmerle cl ;iL 1992). 
Vitamin B,, conlem is expressed as milligrams (mgi pci 
unit dry matter of the subMjari.ee assayed. 


BioJogpcal LTiara-trristics- Vitamin B in iced ns 
hound Lo protein*, from which it is released Ihrough (he 
action of gastric actdily and peptic digestion, and fol¬ 
lowing which it is bound by a nrmmtrinsic Ifactor pro¬ 
tein until it reaches the proximal small intestine 
(MeDwell 1989h). In the small mlesEine. trypsin 

degrade* iho DHiivlriiuic factor ptoleiai, facilitating 
the binding of vitamin B , in intrinsic factor, a glyco¬ 
protein which mediates vitamin R absorption,, Vila 
min B f is absorbed almost exclusively in the ileum, in 
a carrier-mediated process with a specific receptor pro¬ 
tein located cm Ihe microvillus border of the entem- 
cyles. Defective brush border expression of the inlrin- 
sic faclor-cobaJamin receptor has been idemitied in a 
heriiahlc syndrome of canine cohatamin malabscwpcinn 
(Pyfc el aL IWla.bL Fdllowing its transport from the 
enlerocytes lo the portal blood, vitamin B . is hound lo 
proteins called Uanscubulamins. which are synthesized 
by the liver and facilitate tninypurl and Stonge of ihe 
vitamin, l iver ciMiteifl* much Lif the tfc^ly’s and 

hulf-life has been repented to he as long as I month 
(McDowell 19Sytij. Vitamin B r is converted to udenn- 
nyfcohalamin, the coenzymc for mutase, or to methyl- 
cobulomin. the cocnzyme For mcthyltrunsferasc, in 
order to he melaboUcally active. 

Metabolic Fwkttons. a* the mediykotaJinifi 

cocfu.yme For mefchyllrunsferase, vitamin B is essen¬ 
tial, along with folauin, for the transfer of methyl 
groups- in the synthesis of methionine and choline and 
for the production of purines and pyrimidines. Vitamin 
B,, deficiency impairs the removal erf die methyl group 

tniin iiwlhytlelruJiydrUiftiliL' 1 avid, [hereby Happing. die 

folatv in A iiE?nutiJizabte form and producing an effiec- 

live folate deficiency. Vitamiti B i* required for the 
incorporation of serine, methionine, and phenylalanine 
into proteins, and as the adenosylcohaJaman omzytu 

fi.pr mutate or oiethylmttlotfiy|-CL>A isonctiK, ii h 
required for the conversion of propionate to succinyl- 

Co A. Because inethioninc synthase activity i> also 
impaired by a mclhyki^halamin deficiency, hyperiw- 
mocysicincmia. as described far Folaie deficiency, may 
also be responsive to vitamin B., supplementation 
(Kang et fflL 1992). though the effect is nut as marked 
as ftv folate suppkmentuiion CRasnissen et ul. 1996). 

Si #ns n i iPt fiL if tu>. Vilanii n R . defieiency in ani mal* 
is characterized principally by effects on tissues with 
rapid rales of tell division and by neurological lesions. 
Megaloblastic iufcemia similar lo [bar Hen wiih folacin 
deficiency develops became iimdciiiwrc nucleic acid 
pnemon oic avuibhte for normal hematopoiesi s. Its 
deficiency is uncommon in adult ruminants and horse* 
provided with adequate dietary cotatt whose needs are 
pfiivided by ruminal u.nd large-intesiinal microorgan¬ 
ism*., respectively (f!unha 1991 hh Sign* aitributahlc to 
cobalt deficiency are essentially those of vitamin H r 
deficiency in these specie*. They include uuippclence. 
anemia, dermatitis, rough hair coal. waMing h ami deittb 
(MeDwell l9H9hk Subclinical cobalt (and. hence. 
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vitamin B j delk iencv is thoughl Lu have tremendous I 
opqmaik impact on production in area* with cobiilt- 
deficient soiIsl A report in sheep indicated that rcpru- 
ductiw performance and lamb viafeiUly in subclimcally 
defideni ewes. wen; significantly affected and could 
only he completely reversed by cattail suppkmHvnliilitui 

Anxighoii the period of breeding, gestation, and lacia- 
Ikm (Fisher and MacfhcrBon 199IK Cohall and vita¬ 
min R . deficiency was art one (line though! to play a 
role in keloids and low milk fat syndromes in laet&iing 
dairy cows, due to its deleterioua effects, cm propionate 
meLabnlism, to reduction in the rate of gluccmeogcnc- 
sii. and to methyl malunaLc-mcdiaLcd inhibition of fatty 

arid synthesis (Elliot el al. 1979; CntHD tit al. 1981; 

Peters and Elliot 19831.. Although cobalt and/or vitami n 
13 , supplementation of ttbclhiknlly deficient animals 
on improve feed efficiency. growth rate, and produC- 
Lion, these metabolic diseases have noI been linked 
conclusively to vitamin B l: deficiency as yet Vitamin 
B , deficiency i n pip is cltafiicteri/ed by a nomiocytic 
anemia, vomiting,, diarrhea, rough hair com. reduced 

growth nue, and neurological lesions of increased 
excitability; unsteady gad. and aiaxia (Blair and New- 
some 1985). Vitamin B,. deficiency has been described 
in dogs only in a family of Giant Schnauzers with 
inherited selective intestinal midiihvirpl.ion of cobaJ- 
uin. AJbfWfnifiJ findings included Inappetenc#. 

lethargy, failure to grow; a chronic nufiregeneraLive 
anemia with aiusocyljosis and poLkilocyloiii, and neu- 
Uupetiia with hypersegmentation (Fy fe tit -ill. 1989). 
Vitamin E$ i: deficiency in kittens has been churacter- 
ized by slow growth and increased liKiliylmakinic acid 
excretion ( NIC 1985. 1986: McDowell 1989hi A 9- 

month-old car u ith methylmalonic acidemia tecondary 
to a defect in intestinal cohalamin absorption expressed 
clinical signs including lethargy, lever, anorexia, and 
poor growth unless led a restricted pit Mem diet or 
treated with vitamin B |: (Vaden el al. 1992), A congen¬ 
ital disorder of intestinal cohalamin absorption may 

have been observed in a ntne-month-oldl male eat char¬ 
acterized clinically by lethargy and poor growth, from 

which serum cobahunin concentrations were virtu4iJly 

nil arid hepatic meEhylmaJonyl^A-mutase activity 
was h ypem a po tgiwe to cotulimin supplementaticin in 
vitro (Vaden ct al. 1992), Vitamin B l3 deficiency in 
poultry is characterized by poor growth, reduced feed 
efficiency, porosis, reduced egg production and halcha- 
bility. limb weakness, and Hull (McDowell 19B9h). 

Assessment oT Status* Criteria wed to evaluate vita¬ 
min B,. status have included biological response to 
supplementation and measurement of serum and tissue 

ooimnvHltaflffr Because signs of folaciu deficiency 

overlap those of vitamin R deficiency, CCBCefltratkms 
of the former should be simultaneously evaluated 
(McDowell 1989 H]l As for Iblatc deficiency, in vitamin 

R ( deficiency, the degradation of histidine into glu¬ 
tamic acid is inicrrupied, producing increased levels of 
FK3LU acidl, an intermediate, and offers a means of 
assessing Iunctions! stores of vitamin B . in the body. 


Urimry excretion of inethy lniakinic acid is also ele¬ 
vated with vitamin B . deficiency Mid may be used a& 
an index of functional status, Finally, one may evaluate 
liver cobalt or vitami n B r , concentratkins in ruminants., 
wherein cofuentraiions ol cobalt less dun U.07 ppm or 
of cohalamin less than 0 . 1 ft jig/g wet weight are diag¬ 
nostic of deficiency. 


Dietary Kctjuiremenl.v, indications and l sr 

Intrinsic Factors, In adult ruminant*, and horses 

vitamin B i7 ayntbesis by gastrointtsliiiul rmeroflora is. 
adeqwuc under reding condicnx^, hut as. is the case for 

Cither BpedHp requirements anerea.se with stress, 
growth, gestation. or IjcLiilion. L here by manss^liaiing 
supplementation. Hie inure rapid the Nile nf growth Of 

the greater the lev el of production, the greater the need 
for vitamin B . The urinary excretion of vitamin B,, 
may increase in polyuric renal diseases, thereby 
incrMsiqg the dietary* reqttirenicnt, In humans, ihc con¬ 
dition of pernicious- anemia occurs when there is a 
defect in vitamin H, absorption by the gastrointestinal 
teuei, owing to abnormalilies in gastric add production, 
pancreatic exocrine insufficiency, intrinsic-factor 
secrctiocn. enlcracyte receptor synthesis, or inflamiiNi* 

lory bowel disease (McDowell 19B9h). Exocrine pan¬ 
creatic insufficiency (FPJ i in dogs is commonly associ¬ 
ated wiLh severely subnormal serum cohalamin 
eoncenlraLions, pursuant to delects in intestinal cuhal- 
amifi ahsorpLion (Simpson etaL 1989; Willi^iins 1996). 
Replacement with exogenutrs canine ftaiicreatie juice 
reverses the defect in experimental canine EPf (Simp¬ 
son el al. 1989). However, it is unclear whether defi¬ 
ciencies L*f piinercacic protease^ or pancreatic intrinsic 
factor, secondary small-intestinal bacterial overgrowth 
(SlBO) r or some combination of cflecls is mpontiblE 
for the cohalamin malabsorption and deficiency 
(Wil liiuiB 1996 }, Sera in tobaiamin ItnneK ar« also sig* 
nificanlly (Itipmted in some cases of SltMJ, wlictkr 
EP1 coexists or not. and this may be due to cobalamin- 
hmding by bacteria or mucosal damage and subsequent 
molafeocpiLon (Rutgers ct al, 1995). 

Extrinsic Emttors, Dieuiy defideneies of choline. 

methionme- fohicin.and, of cruirse, cohall ha« all been 

repotted bo increase viiamin R [2 reqidrcmcnLs i McDow¬ 
ell I9fi&ti). Dklary supplcmentalicwi wLOi pmpionale 
increases vitamin B ( . requirements (Hogue and Elliot 
1964), but dietary factors which increase prop kink acid 
pnadurtiuu. Midi as suppkiuentalioii wi ill iLmophtaes. 

have lhni liiile effect (Daugherty « ul 1966). Stress may 

increase vilaniln B ( , requiremcnls, and gastroinbcstinul 
diseases may impair cnlenc mdcrobia] ■■ il-.imin EJ r syn- 
thciqs and subM^uenr sib^irptroiL Oral autibiolics may 

also increase Lis dielary requirenwni, hy inhithtinp iim 
mal enteric microflora produclkm- 


PfepftFBlJutl^ Vitamin B, is aviulahk 1 tittniibtiftifllly as 
eyanixiohiiamiit, produced by femwfrtatkm. Injectable 
iuhl viral may be ohcui ned singly ar part 
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coneeialfflciotiii of choline, ^[ylcliQline, or phos- 
phiiCidylchuline. Deficiency result in reduced acetyl- 
dinJsne Levels in the brain kind demised phosphaiidyli- 
dmline/plioHpha.lidlylelhiinn'Iamsne ratio* in ihc liver, 


depression was noted in broilers fed only twice the 
dietary requirement (NRC 1987). 


VITAMIN € 


Dhian Rci|uimm^nK Indication®, and Use 

Intrinsic Factors.. In adult ruminant* and horses 
choline synthesis hy g astro intestinal m icroflora is ade¬ 
quate under resting condition*! bul as is the case tor 
Other Specks, requirements increase with stress, 

growth, gelation, or lactation, (hereby ntice&sitirt mg 
supplementation. The more rapid ihe rate of growth or 

the greater the level, of pr odoct ion, (he greater iIk need 
for choline. Males appear so be more sensitive to 
choline deficiency lhan females, gluencorlieoids 
appear to he capable of ameluiraling signs, of choline 
deficiency., and growth hormone increases choline 
requirernitnts independent of iis effech on growth 
(McDowell I989i) c 

EXTRINSIC FACTORS. Dietary’ deficiencies of other 
nutrient* affecting methyl-group iransfer, such as 
methionine, foBacira. or vitamin B ir ean increase 
choline requirements (McDowell lW9j), Choline, in 
turn* can spare dietary methionine rcquire-menU if ade¬ 
quate sulfate is also provided. Increased dietary fat or 
protein levels can increase (he require me nl lor choline, 

while oral antibiotics appeal to decrease the require¬ 
ment. owing (B reduced degradation by intestinal 
mic-rolTufa. Stress may increftse choline requirements,, 
and giiMroinleMm-iil diseases may impair lipid digestion 
and subsequent lecithin or choline absorption. 

Prepndm Choline IS. available commercially as 
choline chloride. choline hinutraie, lit choline di hydro¬ 
gen eiirate, produced by chemical synthesis. Injectable 
and oral preparations may be obtained singly Of as pan 
of a rnullp. iljnini preparation. Single large doses may 
be given as p-arenJter.il injections in Ihc prophylaxis or 

(twrapeusis of specific conditions or divases which 
increase choline requireinenis. Large doses may also be 
included in drinking water or parenteral fluid prepiira 
(ions in the resuscitation of diseased or convalescent 

an i nulls, 

luxicfity. The m;L*imum tolerable daises for choline 
vury wilh route of administration mid among speeies- 
tn mice, tire LD Uj lor a single oral dose L>f choline chlo¬ 
ride U JWO mg/kg body weight, whereas it is only 55 
Htg/fcg body weight when udminiMered iirtravenranaly. 
The maximum tolerable level fur rats is between 3.4 
and ft. I g/kg body weight when administered orally in 
a single dose. Choline supplementation Up to 1000 ppm 
of the diet appears to improve growth in swjne, 
whereas levels- of 2000 or 44HJO ppm reduced growth 
and feed efficiency ^ Southern el at. i486). Dogs and 
poultry appear lo be quite sensitive to choline: dogs 
develop an anemia when fed levels only 3 timed the 
recommended! dietary requirement, while growth 


ChemkaJ Slnuciure. Vitamin C activity ^attributed 
to the I-bomer of ascorbic acid i reduced► and dehy- 
dnOMCorbic acid (oxtdiied) (Fig. 36.10). The reversible 
oxidation and reduction of these two forms is t he basis 
for vitamin C'$ role as m antioxidant in btotogkal sy^ 
terns ( McDowell WW}). 

Sources and i hcvnical Proper! Its, Fruits and vegeta- 
bles> are the principal mm] sources of vitamin C, 
aid tough sonic animal by-producls. including fish meal 
and organs like liver and kidney, have activity com pa¬ 
rable to some (runs and pittft, The Medium salt of 
■sombre acid is highly water soluble, and. stabilized 
crystalline forms with eihylcdlulovc microcoding; are 
available. It is highly susceptible to oxidative da mage, 
which is accelerated by transition racial elements. 
IPliQnkodKnikal methods for the Jctcrminiion of 
vitamin C concent in biological specimens are quo Li La- 
live and include colorimetric Npectroscopy, gas chns- 
malogruphy, and HFLCL Vitamin C content is 
expressed as milligrams (mg) per unit dry- matter of the 

substance assayed, 

Biological Cha rate ratify Vitamin C is absorbed by 

sodium-dependent active transport processes, in the 
small intestine similar to those for munofiaccharidtei. 
Vitamin C absorbed from (he did, as well m thus pro- 

dued mdogHHuly in those specks capable of syn- 

ihcsis, is distributed widely in dM4K¥. I( accumulates in 
highest concentrations in the ptquituy and adrenal 
glands iiu-d increave-• in concentration in areas, of active 
fibroplasia, such as around wounds undergoing heal¬ 
ing. Viuimin C is excreted in Ihc urine as ascorbic acid 
ilsoir or is irietuMi/ed first to -oxalic add when nutri¬ 
tional requirements are exceeded 

Metabolic Fuhctioks, Vitamin € is not tncorpo- 

rated Into any coenj.ymcs, hut is, required for many bio- 
chemical reactions, particularly those of oiudatinn. 
Enzymatic hydroxy laciofi of pmline and lysine during 
the synthesis of collagen requires asCtirikic acid, proba¬ 
bly to protect the hydroxylase enzymes fn>m oxidative 
damage by ferrous Ions and mixed disulfides. Ii is 
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Caldpra and Phosphorus 
Sirilium And Chloride 

PuflKttiEuii 

Ml^EKsium 

Sulfur 


CAl.CHM AND PHOSPHORUS 

■Source mad Occurrence. Calcium (Ca) :unJ phospho¬ 
rus (Pi am widely distrihuied in sni3, and in general, 
hnys ionium more Ca (him grains, mid legume hays- 
CMlafal line lluian grass hays. (Minion l c )9lta-b; NHL" 
I982 )l The P vuntent of grains is higher dum that of 
frvrages,. idiihiugh iIk hedc t"i*.lur& affecting forage Ca 
content seem IB affect P ccrnKJcntraLions us welt "[lie 
true ralibility of Ca and P from phuil materials 
depend* on their c hern cal forms. Much of Lhe P pres¬ 
ent is often in the form of phytic acid (iiKtihol hexa- 
phosphatci, which not only reduces its tvuUbdlty hut 

4il**-s UHhmdoUi inckaiJiilg Cu. magnehiuiiL. and /.iiie. 

thereby fanning Insoluble mul onanilable cm^feHt 
CommerdAl scums of Ca and P include a ^ ide variety 
of rob Mjulh m di ciki uia phosphite, DHwnkkin 
■phosphate, calcium cartnute (HmestMck ud calckm 

chloride, as welt as animal hy-prodiwis like honcnfWfll 
and orator shell. 


Oiemiod i'uons and iJSystrliboa 1 :ihqi i k. MosL of the La 

(flppfoxinHlely 9W) arid most of (he P ftppreximielj/ 

85%} in (he body is present in hone. The remaining 
small amounLs play critical roles- in a variety of meta¬ 
bolic functions throughout all tissues of the body. A 
pEI-dependenl equilibrium exists be tw een imiinrri Ca, 

iwK|xnk p hosph a te ions. and calcium phosphate Mils 
in (be body fluids. In ihe blood plasma, approximately 
45% of the Ca is in the free and ionized form, about S% 
exists in saLLs with phosphate and other anions, and the 
remaining 50% is bound to ukrbe sites on plasma pro¬ 
teins. The degree of Ca binding to ihese proteins is 
ilflUMCed by pH, which likewise affects (be disposi¬ 
tion of Ca in the gasimintedinul 1 01 j (net, kidneys, 
and other orpiuu, Much of the exjtn-oueoufl P occilft 
Ln the farm of phosphate esters nf organic acid inter¬ 
mediates in melabolism and as the “high-energy” ptius- 

phaie bond* of ide&CHiiK triphosphate (ATFi. guano- 

sine triphosphate (GTPl, ete. 


Several ntbub are available ft* (be deLermanatinn 
of (he Ca and Pcoflleil in hMoglnl specimens; Ashed 
preparations or acid e&i navis liT (issues. may be analyzed 
by aLomic absorption spectroscopy for Ca and by col- 
orimeLnc tvucEichik for P. Cu in blood and urine may he 
determined by atomic absorption or flame emission 
speeLrcwcopy and by fluorescent tw visible Eight spec- 
LnapholomeLry of chromogcnk complexes, such as Ca- 

ercsi>]phrhak’io (Welch el al 19W: Panel I 1967a). 
Noi^praic in-hound {iihnflltnUe) Ca may be deter¬ 
mined by any of ihcse liwMhntfU following mechanical 
or centrifugal filtration through an idtnfillcr. Because 
ionized Ca is (he physiologically active form and may 
vary iudepeihJendy of total Ca concentralions in bio¬ 
logical fluids like blnod. its direct and rapid measure¬ 
ment by ion "Specific dectrede poteotinueftry has found 
increasing clinical uLiliLy (TofTuletti lyHTk ¥ in blood 

4nd urine may l*e analyzed by uhnviokt or visible 

light spccEropbntomctry of chroitiogenic complexes 
formed directly, such us phosphwtKilybdaie. or indi¬ 
rectly; follow- ing coupled enzymatic reactions with 

pufiih: nudecnlrk phMgftwy(lJH k Aanlhiiair im iJii-MJ, 

and pennidiae (Farrell 1987b). 

Hiotagical Cfcmcterirtfci. As described in Chap. 
35 P one may consider Ca and P metabolism to be con¬ 
trolled by a triad of hormones: parathyroid hormone 
fFTHk which has; both direct effects on bone and kid¬ 
ney and indirect effects through its regulation of vita¬ 
min L> ^clivalion: LhyrxK/alciUmin iTCTj. which has 

direct efTecis on bm and kidney; and calciniol (1.23- 

(OH), v Mamin Di, which has direct effects, ea bone. 
■ 

kidney; and mtcs-line. a* well as indirccc etfeels 
(hriAigh its reciprocal regulation of PTH release (Fig. 
37.1), Ingested Ca and P are predominantly absorbed 
in the small Lmesiinc hy IhkIi active 4ind puhe 
processes. Inlcstinal Ca and P uptake ia proiihiied by 
cakitnol, which is particularly imponani for ihe syn¬ 
thesis calcium-binding proteins (CaBP? (hat fecili- 
fate Ca absorption and. muufer (o the blood. In Lhe kid¬ 
neys, Ca reatHorption from (he glomerular Filtrate h 
de^udenc on positive influences by both PTH ;ind tal- 
Litriol. In she proximal nephron, PTH inhibits carbonic 
anhydra^c activity; decreases sodium, hiciulxirlaCiv 
and water absorption: and (hereby decreases Lhe con- 
oenLniCioTi gradients necessary lor Ca and P rcab^rp- 

clon. B ecuw P is not actively secreted by (he nephnm 

this is the only means of iocrettiiu (ts excretion inccn 
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the urine, Proximal tubular loss of Ca is more than 
compensated for by PTII-stimulated Increases m 
active C a transport across like loop of Henle in a cyclic 
AMP-dependent process, and hy ealdlritil-ctepcmleni 
reuptuke of Ca by the distal nephron in CaBP-ivuiiJi- 
uiicd processes. In the bones akilriel facilitates both 
Ca and l' nisoepfion and deposition. the: former being 

stimulated by PTH and the latter by TCT, Ionized Ca 

levels in the blood determine the release of PTH a ml 
TCT; PTH arid blood inorganic phusphaLe concentra¬ 
tions exert reciprocal control over Lhe rate of 2S-OH 
vitamin activation to cakdtriol; and calcUriol, an turn 
modulates PTH release and affects intcrorgan Ca and 
P kinetics. 

Eitpcts of Actd-Basf Metabolism. Because pH 

exerts an important influent on Ca binding: to proteins 
and precipitation of salts of Ca and P. alterat ions in sys- 
temk acid-base me Labe I ism can have profound effects 
on the disposition Of these minerals in the body i I 're- 
deefi et al. I988a,h)_ ChaA^tts in iJL-id haw status, also 
may have profound effects on the activity of PTH and 
CSIcidaTol, which in Luni may affect Ca and P balance. 
In general, aeidrtsi* incfea^N the ionJalkm of Ca, 
thereby incnasiiig the re&orption of Ca anti P from 
hone, reducing mineral deposition in eggshells, and 
augmenting the prupoTtinn ol ionized Ca in the blood 
(Pwfrfes 1988). Conversely, alkalosis decreases Ca 
ionization and pmontts bone deposition and eggshell 
I'urmaiinn, Metabolic acidosis has alio been shown to 
alter hone remodeling through cellular effects. 
Deereased bkaibafiaie concentrations reduce osteoblast 
activity and stimulate osteoclast activity; in lulditinu to 
the physicochemical effects noted above t Ki ieger et at 
1992; BusJiiiuky 1995). There is controversy in the lii- 
erature regarding the relative "■potepty"' of respiratory 
versus metabolic acidosis in altering bone mineral dep¬ 
osition ( S prague e( ul. 1994; Arnett ct al. 1994). While 
acidosis promotes PTH's effects on bone, it apparently 
inhibits its renal tubular effect* and directly stippi**.^ 


the activity of renal Ia-hydroxyla.se, thereby inhibiting 
oldlnol production (Beck ct al. 1986: Reddy ct al. 

1982k The net result i s defeated Ol abaorpt ion of Ca, 
increased bone mineral resorption , und increased uri¬ 
nary Ca excretion. This has resulted in negative Ca bal¬ 
ance in C1U {Clung el ul. 1989k unpaired growth in 
pigs (Golz and Crenshaw 199Ik and bone demineral- 
izaiton in dog* (Burnell and Teubner 1971 ). The effect 
of aeidi fkatinn may be employed positively in the pre¬ 
vention of parturient paresis in liactating cow* fsee 
below), whereas purpcidul alkalimzaiion may be used 
to reverse deminefalizailoo in uremia and to promote 

eggshell quality in poultry. 

It has. been hypothesized thru the usual daily toad of 
acid produced Ihrcnugh metabolism might have similar 
effects cm calcium metabolism and bone turnover. even 
in the absence of overt disturbances, in acid-base bal¬ 


ance, lit humans, daily ora] intake of KIICO, (but not 
N*HCOj) to neutralize endogenous acid production 
significantly improves calcium balance, reduces bone 
resorption, and increases bone formation in healthy 
adult males (Lemann et al. 3989) and in posl- 
IMkdfillitll females (Sebastian et al. I W4k 


Metabolic Functions 


BONE DEVELOPMENT. Bone minerali/ation occurs 
through the process of calcification of an organic 
matrix produced by cho-ndniblasls (endochondral 
ossification) or nsicnbluvls (intraTKITI^UWU* bone 
formation), and hone may subsequently be remodelled 
or verve as a source of Ca and F for the body through 
the additional net ions of osteoclasts and nsteocytes. 
Dietary Ca and P intake muU he adequate and m the 
appropriate relative ratio to support hone mineralization. 
A deficiency of Ca or P or an otherwise adequate Ca 
intake in conjunction with an excess of dietary P esn 
result in mnritkmd secondary hy pe rpar a thryitridi un 
with the development of rickets in deficient growing 
animals and of osicomataeia in deficient adult animals. 
Conversely, excessive Ca intake over prolonged 
periods of lime can lead to the development of 

hypercaleiioninism and osteopetrosis (NRC 1980). 

NJ-UHDMISOIAR FUNCTION, C.3 has two opposing 
effects on neural I unction. It blocks sodium channels in 

(he neuronal ir'ivinhrjne, riuk inc it less excitable, .und if 
is required for the normal secretion of neuro transmit- 
ters like acetylcholine, Thus, hypOcuJceniiu makes 
membranes irwre excitable but decreases neuratrafu- 
mitter secretory capacity In most species, enough ftfiti- 
rotransmitler is released under comliticxms of hypocal¬ 
cemia so dial because of their enhanced excitability, 
rnuodes exhibit increased activity. Signs of hypocal¬ 
cemia in most species thus include muscle fascicula- 
Llons, seizures, and tetany; as seen in hictatkiu tetany of 
horses and in puerperal tetany of dogs. It has been 
hypothesized that ruminants normally secrete much 
less ncumfransmiifer at (lie myoneural junction, so 
with hypocalcemia, not enough is released to elicit a 
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response, and flaccid paralyvis results. Signs of 
hypocakemla in early-lactation cows with ‘"milk ttver'" 
ihuH progress from m early stage of hypersensitivity 
and tetany to one of weakness and paresis and ulti¬ 
mately paralysis. 

Muscle contractions ore regulated by the corKstrtra- 
tiuri of ionized cakrium in I he sarcoplasm. Sarcuplas- 
mic reticulum mcmWancx contain an ATP-de pen deni 
Ca pump that maintains low concentrations in resling 

m y oc y te*. Upon Kiimukukm* Ca is rapidly ftfkas<*d 

from the terminal cistcmac of the sarcoplasmic reticu¬ 
lum and binds to the troponin eomponenl of the aeEim. 
filaments. Trupunm undergoes u conformational 
change LhuL moves tropomyosin. which in lum uikov- 
ers myosin-binding sties on F-actirt, This binding pro¬ 
motes. the formation of cross-links beLween the aclin 
iind myosin fiLauiwiiLs. which cause* them to be drawn 
toward the eemer of the sarcomere, resulting in short¬ 
ening of the my*H. fc ytc a^*3 mtiscuLajf contraction. This 
basic process is central to contraction of all smooth and 
striated muscle, including that of die I lean Hypocal¬ 
cemia can produce significant d ccUck: ardiiognapki t 
changes, arrhythmias, and even C l riliC arrest. At a 
lesser order of magnitude, ciliary and flagellar contrac¬ 
tions and movement of intracellular contractile de¬ 
ments -such as microtubules and microll laments simi- 
larly require Ca to function. Secretion of peptide 
hormones is dependent on incihiEiratinfi and exocytnsis 
of intracellular secretory granules in cakium-depend- 
em processes. Peptidle hormone action is also influ¬ 
enced by target cell L'a levels, which in conjunction 
with cyclic AMP, acts as a second messenger in Che reg- 
uJaGiun of pu-stteccpturr funcsiunu] responses. 

because of its central role m the intermediary 
metabolism of nuLrienls required for energy-yielding 
and synthetic processes, P it also neceswiry for all of 
the above aetioriN attributed to Ca In llw control of ncu- 

ToaUKXllflr and other bodily function*,, 

H 

HEMOSTASIS* Both the intrinsic and extrinsic systems 
of blood coagulation are dependent un Ca as a cufuclur 
for activation of coagulation factors (Dodds 1989|. The 
conversions flf vitamin K-deperttktH Eac&Ofl IT. VII, IX. 
and X to fheit *cti» forms require ionic Ca- In addition 

ro the proooagulanl factors, other regulators of hemo¬ 
stasis depend on Ca, including protein C. which inairti- 
vules factor? Vfi and Villa, and (actor XIII. the flhrin- 
sEahili/iitg faclLir which facilitate* polymerizatkin of 
fibrin tPOiwiiMfi activated by the common pathway of 
coagulation. 

PkOncCTION. Ca and P are the principal mineral enm- 
purtonts of milk and obviously account for die structure 
nf eggshells. line dietary Ca and P requirements for 
lactation and egg production are the greatest of any 
period of lilc, and a deficiency of either, or otherwise 
adequate Ca inLake in conjunction with an excess nf 
dietary P. cun result in marked decrease* in milk pro¬ 
duction or eggshell quality and production. The con¬ 


centrations of Ca and P in milk will remain relatively 
constant through periods of significant dietary defi¬ 
ciency or imbalance, which result rather in decreases in 
production ccnrespniHlmg to the degree of deficiency. 

Signs nf IMSciency. The signs of chronic Ca defi¬ 
ciency, or adequate Ca hul excessive F inLake, relate 
mostly to skeletal abnormalities Mmoo&od with the 
clinical condition of ticket! (Call el ul. L9B6;: McDow¬ 
ell IQg9; Clalltei 1991*1. Failure of mi IHTTilli /JCiorl kails 
to abnormal proliferation and degeneration of the carti¬ 
lage. weak and deformed bones, stiff and enlarged 
joints, pathologic fracLures. and loODDUtory abnormali¬ 
ties. Accessory signs may include lethargy, anorexia, 
weight luw>. hypogalactia, and neuromuscular dysfunc¬ 
tion t Cal I el al. 19*6.1987; Shupe el al. 19KSS. In poul¬ 
try. Ca fir P deficiency can lead to decreased eggshell 

thickitaL'ut. increased fragility. uihl reduced hiiLchubi lily 
t McDowell I9R9), In calilc, dietary P deficiency can 
produce a pcriparturienl syndrome characterized hy 
hypophosphatemia, intravascular bcmulysis, hemoglo- 
hi lie mi a, and hernogli^biniuiria, apparently ns a result of 
impaired ATP production and subsequent effects on ery¬ 
throcyte viability fOgawa el al. l9K9a,h|u There is little 
evidence that dairy cows exhibit a specific appetite for 
Ca- ur P-conlaining mineral supplements even at'lcr 9- 

\2 weeks of dteflefent intake (Cop p o c fc ei al P 1976), It 
has been suggested that dietary Ca and/or P imbalances 
may be eontrihutory factor* in developmental orthope¬ 
dic diseases of growing horses (Thatcher 1991). While 
their association with lesions characteristic of Tickets is 
clear, their relationship to- physios and limb deformities 
is leu so. In iw study, mild to moderate phytkk and 
flexure limb Uelcimuties were observed in 3^ of 42 light 
hone weanlings studied for over 3D weeks and fed high- 
forage E»r high-concentnitr ration, irrespective tf low 
(-41.341^ dry mailer [DM|h medium i-ti.7ti9f- DMk or 
high l-l.irWb)Pcnnl3enL; all lesions resolved bclbre the 
end of the study (Cymbalufc and Christison 19H9). Signs 
of acute Ca delVciency relate predominantly Lo neuro¬ 
muscular arid cjfdhmKiilv abnormalities most 
rtotable airtotfg udlkh Lift; the sywhoif ■ of parturient 
pare?K in lacEnting cm and of puerperal icEuny, lacta¬ 
tion tetany, or cclaniptia in other specie*, a* described 
earlier. 

Vsheshiui'iit nf Status, rritcri^ used In evaluate Ca 
and P status have included biological response to sup- 
pkdUOlkHt, analysts of Wood Ca lltw! P concentni- 
tiCMU, ttKiJUUPBIWlM of urinary and/or fecal excretion of 
Ca and P (Ching ci al. 19891, assessment of bone min¬ 
eral density by noninvusive Uensilomelnc methods 
ICking ct al. l l >AJ; Cummings cl ut. ]99tl) fe hislomor- 
phomelnc analysis of fluoRlRlM-llbelal bore 
turnover (Ching « ul. 1990). and evaluacinn of indirect 
indices of hunc tUCVHW, inducing scrum alkaline 
phosphatase activity, scrum or urine osteocalcin con¬ 
centrations. and urinary hydroxyproline escrelion 

1 Taylor et al. 1990; Chin* d ii 1W9; Macnpoa et al. 

Because Uood Ca and P m mlntaineid hy 
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Incase from bone stores, as well lls by Gl absorption 
and urinary es.cretiun, these values may be maintains! 
through lung period! uf sin balance, Thus, low blood 
levels may indicate efficiency, hui namil valuers must 
be interpreted with out ion. Because approsumately 
one-half oF blood Ca circulates bound to plasma pro¬ 
teins like albumin, hypopnxdntim^ can result in sig¬ 
nificant decreases in meal MUD Ca values, which must 
then be evaluated by correcting for hypoalhuminrirm 
and/or by dirrectly measuring ionized Ca levels. The 
former is used routinely in dogs but Ilbs nut proved use¬ 
ful m eats (Mciucii ct al. 1982; Flanders-ct at. 1989 k In 
addi tion, because blood pH influences the protein 
binding relationship* alEeratkiri* in ackd-bue status 
may hare profound:, sometimes unpredictable effects 
on measured Cu levels i Kohn and Brooks 1990; Citing 
ci al. 1989; Chew el ill. 1989). Reference nlu«& for 
each species should be consulted in the interpretation 
of each parameter of Ca ami F metabolism 

Dietary Requirements Indicaliuav, and Use 

Intrinsic Factors. There are significant individual 
differences in ihe utilization uf Ca and P from different 
dietary swirves, in tolerance to discrepancies from the 
ideal Ca:P ratio, and in the utilization of Ca and P fur 
non maintenance purposes,, which ill turn ft Red & the 
requirement fur both rnintrak Requirements For Ca 
and P are greatest during pregnancy, lactation, and 
rapid growth. The potential for deficiency or imbalance 
during these phases of life is increased in hertuvure* 
fed Large quantities of cuncentrales- that are poor 
sources of Ca but very high in P. Graving horses fed 
such diets und nut supplemented w ith Ca may develop 
(be disorder known as "’big head" or ‘"miller's disease." 

wherein not only is Ca iottke low. Nit excess dietary F 

depresses, Ca availability, resulting in nutritional sec¬ 
ondary hyperparathyroidism (Cunha 1991a). Yuuilg 
pigs and calves are likewise sensitive to wide CkP 
ratios (Mohan 1982;. Miller cl al. 1987), Conversely, 
older swine. mature horses, and laclaling cuws appear 
to he more tolerant Bo discrepanL dietary CtF ratios, as 
long as minimum dietary requirement* are met and 
vitamin D supply is adequate, although high diclary Ca 

or P led during she dry period may predispose the lat¬ 
ter to parturient paresis (Minaon IfWQaJx Barton ci al. 
1987: Reinhart and Mahan 1986; Relyca a al. 1976}. 

Other intrinsic Actors may affect Ca and P metabn- 
lisati. including 01 diseases, in which absorption is. 

tk? prt’s^fd . In Lihriivi.it: reim] dihiru.se, cx.ees*ive F K 
reLiined owing to decreased rates of glomerular filtni- 
1ion a insufficient 25-GH vitamin D is hydroaylftfted to 
catcifricd by ihe diseased kidneys, and Gl and renal 
handling of Ca is impaired., resulting in renal secondary 
hyperparathyroidism. Although studies in partially 
iKphreclomiiEed dug'* have not conclusively demon- 
si rated a specific feraopmiective effect of lower dietary 
P intake, survival, was- definitely enhanced, and the 
effects of restricted P intake were greater than those of 
restricted dietary protein (Fincu et al. IW2). 


Extrinsic Factors. In Addkkn to the adverse 

effects of dietary P m phytic acid on Ca availability 
from Jeeds. oxalic acid may al*Q chelate Ca and make 

it unavailable for Gl absorption tHmanuele and Staples 
1990; Ward ct al. 1979). In lufttk wheul bun pity (at? 
phosphorus availability is only about 30% t os opposed 
to 58* availability from inorganic mineral supple¬ 
ments (Cuiihit 1991 a), Because ruminal mLeroflora pro¬ 
duce phylases which are capable of releasing F From 
phytic acid, natural feed sources of P. including those 
of phytic acid, are generally better utilized by rumi¬ 
nants ilum horses, whose large-inteslmaQ flora. produce 

only some phytases P or than simple-stomached animate 
who cannot utilize such chelated P an all (Morse et al. 

1992a). Both a microbial-derived phylase and a reconv 

bmiinl phylide are now commercially available. When 
these products are led to growing-finishing pigs, 15- 
30* of Ihe unavailable P in a corn-soybean meal diel is 
made available fCiromwelli ct al, I995a.hl. In other 
studies, an equation w*ls derived to predict the amount 
of dietary P roteftsed per unit of supplemented phyluc 
(Yi et ah I9%1. Phytasc supplemental ion has also been 
shown to increase bone mineral conic nl and density in 
a dose-related fashion in pigs fed a pearl millet-soy¬ 
bean meal-bused diet (Murry d al, 1997), Some miner¬ 
als, including magnesium, zinc, and iron, may depress 
Ca uptake, and high dietary al jrrtinuiii markedly 
inhibits dietary F uptake by calves, resulting irt reduced 
teed intake and weight gain and abnormal Nine forma¬ 
tion (Crowe et al. 1990). On the other hand, certain 
dietary constituents, like lactose, have been shown Id 
enhance Ca uptake, even when lactose-induced 
maldageslicm adversely aff ects protein Of fal assnmki- 

tkm (Schueue et fiL 1991). For cm, ihe mineral form 
(acid vs, alkaline saH) of dietary F affects its digestibil¬ 
ity ujrid subsequent excretory routes (Roman et al. 
1992), w hereas for laeLating cows, dietary Pconcentru- 
lin.ii! has affected the amount and ruule (urine vs. feces 
vs. milk) of excretion (Morse et al, 1992b). 

Prt'pjrjlLuiis and Therapy. Ca and P are available in 
combination mineral pnvlucLs. including mono mid 
dibasic calcium phosphate, as well m individually in 
Ca saUi like calcium chloride, calcium carbon ale, or 
calcium hydroxide and in P sails like magnesium, 
sodium*, or puLassiuiti phospluites. defluoriiuified rock 
phosphates, and as pbusphuric acid. Injedlbk and oral 
preparations may be oblained singly or lin part uf a 
muiiiiniiKTal {Reparation. Simple, aqueous sohuions 

im? indicoled I'uf mjcLtwin, hui Lx-l;lusl- ol acid-ba.se 

inreraclions, large quantities should be used with cau¬ 
tion. Likewise. Ca and bicarbonate sulb cannoi be 
comhifted ill aqueous Milutic?n a where they will precip- 
itate as talciuiu earbonaie. Single large doses of cal¬ 
cium gluconate or calcium boroglucaruile may he given 
as intravenous, iTtlramuscular, or subcilianeous mjec- 
tiiwis in ihe fmiphySaves in thcrapeusis of Hpeciffc con¬ 
ditions or diseases which increase Ca requirements. A 
20-33* calcium bocBgluoDfuie solution is recorn- 
sriunclecli fitf the [reatment of parturient paresis in cattle 
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the pomcmlair filtrate. The osmotic gradient estab¬ 
lished by thin process governs water rnbHVptkw and 
the subsequent absorption of solutes like Ca and P 
along their concentration gradients. In the thick 
ascending limb of the loop of Hcnlc, active transport of 
Cl urea Lev an dectrogenic gradient necessary lut cuu- 
pied absorption of Na and other cations. Bn the diaul 
nephron. acLive Na absorption is coupled, to pnnon or K 
wrtfiuii hy ihiiKmikK^irticuid-iegulated processes that 
arc central to normal fluid, electrolyte, and acid-ha.se 
homeostasis. A deficiency of Cl in the gJoaenilir Fil¬ 
trate leads- to prefereniiai absorption of bticiirhonaLc by 
llle proximal Uihih along the N-ii-genenited elotlrital 
gradient, impairs normal ion irampuTi hy i-lte U»p of 
Henle, and increases the delivery of Na to the distal 
nephron (E'ettman et ul. 19K4a,b)L This activates Che 
renin-imgioteiLsin-aJdosteronc axis and can lead to 
excessive urinary K excretion or paradoxic urinary 
■cfcHflnftei in the face of OKtAboUc alkalosis. Nephro¬ 
genic diabetes insipidus may also result., owing to 
depletion of the NaCI-depcndcnl renal medullary enn- 
centrasicm gradient necessary for water reclamation 
from (he collecting CuNiles. Tkttt« either dietary Cl 
depletion, third-space retention, or pathologic losses in 
the sweat or OCRtl may lead to tertiary disorders of 

renal Auction and a vtenoi cycle of phppugitted fluid 

and electrolyte abnormal iiie* 

CTILI. MLMBRANL SLLEiCTRIC'AL. POTENTIALS The cell 
membranes of all cells have am ATJ^-dependent Na.K. 
pump which pumps ihree Na ions Co die exterior fur 
every two K imi pumped to the Interior of the cell. The 
handling of Na and K by this pump nnt only helps to 

inainLain lkuihiCh: trijuilibfLuin acmss Ilk cell inollhranc 

hut also plays a central role in the propagation of elec¬ 
trical impulses across the membranes of “feKckaUe" 
fidk including those of the nerves, be-urt. skelela] mus¬ 
cle, and numerous endocrine tissues. Because the rest¬ 
ing cell membrane h many times mure permeable to K 

than iffi Na. iIk ndiv etodriol potndil described by 
the Nemst equation (approximately — 1 90 mV) is pre¬ 
dominantly attributable to K. When an action potential 
is eliciLed. the membrane becomes much mdne perme¬ 
able to Na. Na rapidly enters the cell, and the mem¬ 
brane potential litt to that dHCribfid by the Nentst 
equation for Na t approximately +43 mV). This depo¬ 
larization is responsible ftrr transmission of nerve 
impulses, elicitation of muscle contraction, and srimu- 
liition of endocrine cell secretion. Etcpolarizalion i.\ ini¬ 
tiated via an increase in membrane permeability to K 
and its extracellular dlflusion and is maintained by the 
subsequenl return to normul membrane permeability 
for Na and K and reactivation of like Nu.K-ATPase 
pump. Changes in Na btfancc are evidenced clinically 
by iltenbou in neurniniiw^Lilar, cardiovascular, and 
endocrine functions similar io thnse rtcscrihcd for K. 
(see below), 

LACTATION. As is the case for most nutrient*. dietary 
requirement! for Na and Cl increase significantly dur¬ 


ing lactation. Even during times nf significant dietary 
deficiency, lacfating cows veem unable lo decrease 
milk Na ccmeenirations appreciably <S.mich and Aines 
IWl, although Cl levels may decrease by up to about 
.‘vTK* (Rinnan ct al, l9K4a,h) Butkhaltef d al P j 1979) 

m MM B ■■ 

estimated the maintenance requirement for CT to he 
quite low (approximately 0.04% DM). Coppock 119Kb) 
has estimated (hat a 60(1 kg cow producing 30 kg 
milk/duy would tttrdt 33 g/duy of Q in the milk: for 
a production level of 40 kg/day, this would increase lo 
44 g/day lust in. (he rnilk. This would require an 
increased intake to a level of approximately 0.20- 
0.25% of (he diel dry matter. Tht corresponding dietary 
r-et|uireinenl for Na would be approximately 0.15- 
0209 DM (Minson 1990c). Dietary deficiencies of 
either Na or Cl have been reported to result in substan¬ 
tial decreases in feed intake, body weight, atid milk 
production (Aines and SmiLh 1957- Kettman el al. 
I9ft4b,c). 

SALT AND HYPF.RTRN.S.ION. Most Mud its in htuhait 
subjects have definitively demonstrated a sipnificam 
UttCdliu between dietary salt consumption and 
hypertension. ITie ‘Tnlersair study of OW ]0.000 
individuals demonstrated that a 24-hour urinary Na 
excretion htglivT by I Ofi amol was etfodeted with sys¬ 
tolic hfc-mj pressure higher hy 3-4 mm Hg(EUott el al. 
199ft), A meta-analysis of 56 trials (hat had randomized 
allocation lo control and dietary sodium intervention 
groups demofislraLed a mean reduction of-3.7 mm Hg 
in tydolk pressure and -0.9 mm llg in thflUfuhc pres- 
hir for a 100 mool/dfly nductkn in daily Na excre¬ 
tion in hypertensive patients (Midpley et al, 1996), In 
contras.!, decreases in blood pressure In re7-.pori.se to 
dietary sodium restriction were negligible in individu¬ 
als who were noniHtaum (MUjIey ci al. 1996). 

Studies of the prevalence of hypertension in dogs me 
lew. and die associated risk factors, including dietary 
sail, have been well studied. Approximately KW6 of 
1l)J apparent I y heahhy Jli^s uhs^rvi^d in lmK’ siijdy 

were found to he hyperlcnsivc: systotie pressure > 202 
mm Hg. and diastolk pressure >116 mm Hg (RemaS- 
lurct et al. 1991). In a study ol over 1900 pet dogs. 

hypertension wjis not defined, but increased systemic 

bk«xi pKflHK w-iLs utoclitod with specific bwdL 

advancing age. diabetes, obeabty, hypenidrencttorti- 
cism. and hepiiCic disease (Bodey and Mkhdl 1996). A 
modest increase in mean hkiod pressure wm esflociatsd 

with ehrrmie rena] disease only in throe dogs with sub¬ 
stantial reductions m glomerular filtration rate. 
Although dietiiry sodium intake Wtt ml assesNed. it 
appeared thsit couuoqidm of hone-nude diets was 
kiuciaud with bower systolic pressure lhan was eating 
enmmereial fiiod. 

In another report, spontaneous syslcmic hyperten¬ 
sion was identified in five dogs hut was diagnosed us 
essential hypertension (no- apparent causative disorder) 
in emty one subject (Lillman e( al. 1988). None 

responded Co diehury Na restrietiiHii aUine. In he^dihy 
dogs, increasing dietiiry Na intake from 5 (o 245 
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during Incfiriwir The poMkd for deficiency w imbal¬ 
ance during these phases yf life is iunsed in herbi- 
VOM fed lurge quiltUn of CMCWtntef during chest 

phases that oie poor soured cf Na and O Other iMrini- 
sic factors may uitevc Na and CL metabolism. including 
GI disea.scs. in which absrvption is depressed. and in 

l : re In l ry iji^pHH-Ek wlfcyiv hisses Jn£ s n l: re ;ixc lL In ^ClitC 
nfflal disease, CKVHfW Nil and C!l may he knit owing. in 
luhukif dwilfaagV $ieilL mi iteralncLWiicnid nonresporiMvc- 
DML In hypoadrenocorticism t Addison's dibca.scj. a 
deficiency in aldosicmne secretion results in sunudvc 
urinary Na loss. K relentiim. metiibolit; aciduais,. fiephm- 
^ok dl abe m insipidus* and defaydntuo (Tyier ci al. 

19fi7>. 

Extrinsic Factors., The Na and Cl content of drink¬ 
ing water may sigjiifieanLly iffittl the necesvily for 
dietary supplementation (Coppock et al. IWB), The 
temperature and humidily of the environment have 
important effects, In horse*, heat and humidily affect 
Na and Cl excretion in the sweat. In all animals poten- 
Li-uJ increases in water consumption may inereuw nri 
nary kda. LacEuLmg cows maintained in u 3n.it. humid 
envi nunment respond ads^TNety la avidugenic Q-CflD- 
Liining niti like calcium chloride and appear to bene¬ 
fit from alkalinizing Na-amLaining salts like sodium 
hicarbonale tCoppodc ci al. 19H2u,b; West et al. 1991; 
Shalil cf al. 1991)- 

Pirparuliona and! 1 iierupy, Na and Cl an; available 
in a. variety qf mincral pmduels. including common suit \ 
(NaC'fk sodium phosphates, sodium bkarivHLaie. cal- l 
ci tin chloride. and magnesium chloride. Injectable and ; 
lht;l| [weparjtii.'uis may he uhtamed singly or as pan of a 

mull imi ncral preparation. Simple, aquetws solutions 
arc indicated for injection, and isotonic saline 0*}% 
NaCl) senes as the bast lor must CUtncdhJir fluid 
replacement solutions used in clinical practice. Single 
Large doses ofHvG may he gmn as intravenous, tncra- 
mUKUllc; or subcutaneous injections in the treatment 
of dcpldion disorders. Single large dam frf sodium 
bicarbonate may be administered purenteraLLy in the 
ireaCment of mtrLaJbulic aviduMv. but rapid admilintll- 
turn of such solution* should be avoided, became para¬ 
doxic cerebrospinal fluid acidosis* impaired hcmoglo- 
Un-oocygeo dissociation* cranial hemorrhage, and ctfhcr 
unwanied effects may tcnuJi. Adverse effects cm central 
nervous system function have been observed in 
hyponatxcmic human paLicnts Lreated with NKODtllD- 
ing solutions either al too high a d(K or at too gmt a 
rule of repk-ui shirupnt i 'FSizcl S Wf>>. Frequenl monitoring 
of Wood and urine Na concentrations, coupled with a 
reasonable ruLe of replenishment- cun prevent ihe sc 
potential problems (Deri 1990). 

Toxicity. Animals appear to CLvltfracc: foirty high dietary 
levels of Nu and Cl. bKUK homei'Kiiatie mechanisms 
Lend to protect (hem iLgiiiiht excessive absorption. 

I Icmevvr, iJht addihLUfa of ocww NaCl to a diet can 
priiduce adTierbeetTecLH. including polydipsia, ptilyuriu, 


anorexia, wcigh.1 loss, edema, nervousness, piaresis, 
prtr^iysis, and dealh (NRf" In cattle, levels of 

%ali below upproximaccly 5% of the diei dry matter 
have liiile effect on general health, feed intake, weight 

gain, or milk pfodurtun (NRC I960). F^tcning steers 
have bdenlfid as much m 9J3% fSM wvfeboot «ffw:t, 

but swine experience neuromuseular signs eharacleris- 
tic of salt poisoning with diets containing DM as 
NaCl. and iaciatlng ewes exhibit increased weight loss 
and decreased lamb surL'ivabilily when fed 13.1% DM 
(NRC 1980), Poultry may lolerale NaCl up Lu 2^ DM, 
jjifad bones aikl nbbto up io 3N DM jNRC I f M'\y The 
major fact-sir affecting. NaG tox icily is ihe availability 
of nonsalinc drinking water during the eonsumption of 
excess salt. ALLhcrngh oral administration of water is 
cltective in alleviating signs of acute toxicity, ils Rite of 
administration must be cnAiDy rcgulawd to mid 
unwanted effects uwdiled with rmtaUistamenl of 
osmoLic equilibria, pjirticuhu’ly uucPiss the bk»d-bnain 
inLetfiice. 


POTASSIUM 

Source unci Occurrence. E*oUi«ium f Kj is widely dis¬ 
tributed- in the soil and found in high cnncemralions in 
must plant species tNRC 1982). Because the K conlcttl 
of feeds mutlly piualkls that of frfoccin, ihe substitu¬ 
tion of ptiri fil'd ptottiD or aofiprobetn nitrojen now 

for DftHfil prinein BOUTCfV may increase the potential 
for iftadft|uatc K intake in high-eonL-cnLrate diets fur 
producing, growing, or laclaling animals (Word 197S). 
C’ummcTciaJ sources of K include potassium chloride, 
carbonate. hic4iJboi3aic. hulfiuc. and phosphate uhi. 

Chemical Focite and Dhlrlhullon. K is the principal 
cation of the intracclluharfliiid cnmpartinent and, after 
Cm and P, ihe third most ahundunt mineral in the body. 
Some K is located in bone as phosphale and airbonate 
sails, but the majority is found as the free ioo in extra- 
watu tissues, where; ii plays ? central role in osnotfo 
and -iicid-huse bomeostaids anti in maintaining cell 
membrane electrical patemials, in concert with Na. 
Eh^pite its high body levels critical rule in metab- 
oli.vm, hody reserves art limiLed and s^mw txcreLor y 
losses, are obligatory, m dietary defititncy may 
become evident in as Httk as 12 weda. 

Seven I iudhodt are ivtDiUe fen- ihe ifoieniHiuluHi 

»f K iife hitjUigieal specimens. Blood, urine, and ashed 
preparations or acid extracts or tissues may be analyzed 
by arcunif absorpbcm <sr flame emission tptOUMOOpjf. 
Fluid samples ntay also be analyzed hy specific 
dcetnvde potcntiLimetry. Chromcfagenic dyc-biuding 
mcttu'ids have aJso been impiemtnLed fur K deEermiila- 
lion hy colorimelnc spL"t■t^l^phl.^tc.K^ltlT^. , (Wong t( al. 

1985 ). 

Bkubped Chtrtcterlstks, As w as desaihed for Na, 
the renin-angkHensin-4ildus.lvTLHli" tysttOI pltfys an 
impnriam role in maintaining K homeiwLasis. 
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33 niudinin/vd. controlled vri-iils of K aqpp kn w B tB&w 
hs the hL>le d-i ffarence heiwwn intvrvijfliinn and coniml 
conditions* K Has associated wjth a significant mean 

ndaetkH) in flyitoJfc and tUutolk b|cwid pressure of 
—3J | mrti Hg and —1,97 mm Hg, nqwlivdy (Whcllon 

et nl. I W7l_ In individual studies, systolic pfcssure was 
reduced by as much as —4lJtJ mm Hg (Obd 1989), 
These effects were achieved following daily supple¬ 
mentation with 611 in mill K/day or mure in all but two of 
die Irials and appeared So be enhanced when subjects 
concurrently consumed a diet high ill Nil. 

Although no! a> wdl studied in Wkriuiy ptifffll, 
hypertension Iul\ been identified in cats with ikdurally 
c*XUrfiafcjjfc, cfannic renal disease (Jmid et al. IW7>. 
Although only 3 of 12 hypertensive subjects were 
hypokalemic. It! of 12 were hyperaldostermemu:, 
which would contribute to impaired K balance. Given 
She anochlHm helw«n kaliupenia and chronic renal 
dise-a.se to cau (Penman 19*9; Dew m al. 1990), it u 
possible that the occurrence of hypertension in feline 
chronic renal failure may be responsive io dietary K 
a upp famenMion. 

-SKELETAL MUSCLE FUNCTION. ITlC K gradient across 
muscle cell membranes influences cell volume, protein 
synthesis, enzyme activity. elecLncal conductivity, and 
changes in blood flow during exercise (Fettman 19*9), 

K depleLion can result in unpaired niyocytic carhuhy- 
drafic metabolism, muscular paresis. followed by paral¬ 
ysis. myocytk iwdling and rhabdomyolysi*. sun-d cxer- 
dw ■BCiHfd iM^hemie nymeCfWi iFcttman 19B9). 
Animals atTcclcd with sodlldd klbopnk myopathy 
have generalised appendtally muscle weakness, an 
abnurmal gait. and m rchfCtaot to mow. Cats so 

affected dewitttntie a characteristic, persistent ven- 
trufkitiofl of the neck (Fetiiuan 19*9). 

AOD-BASE METABOLISM:. K UNU and pntnu in the 
body are integrally related, owing. in> their ability to 
undergo exehujige across interfaces between the ultra- 
and extracellular fluid compartmenEs (EMtlman 1.984)., 
Acute alkalosis ifl often Uflodlfed with hypokflkmiL 
owing Lo exchange of intracellular proton far nlncd- 

lular K iw and the relative replacement of K. ion \ 
mvttn by lhal of prisons during Ihe process vt Na [ 
rcabsorption by the distal renal (UtwlH The resulting 
redistribution allows iatfiKtUolv add reserves to 
buffer ihv Utncdloltf proton deficiency, while altered 
reiki I occnAoi limits unnonled add loss in the urine. 
Conversely, uddosis is often associated with hyper¬ 
kalemia. in which intracellular uptake of extracellular 
protons for buffering is electrically cotmtertthoml by 
release of Intncdlblar K km. Urinary excretion of K 
ions is likewise decreased to fldUtlle coupling of dis¬ 
tal renal tubular Na flbMCptioo to proton secretion. 
Paradoxically. ckmk luciahoLie addosis may result in 
& dejection. predominantly through stimulation of 
adrenal cortical aldosterone release by protons ud sub- 
xeqwrtii KCimulaiiLHi of K eicntkM by ihe ill Lrael and 
kidneys. Chronic K depletion can Ukewift mult ifl 


meiaholie acidosis through an acquired syndrome of 
hypoadrenocorticism secondary to the chronic under- 
stimuli inn of mincralcxionicflid rclcu.cc by low circu¬ 
lating K levels (Eetiinon 1989 1 _ 

LHKtXTS Oh GROWTH AND LACT4I1CJN AMD 1MN3 OF 
DBFIC1BNCY. Because of iIk high K MfVteflt of DUIttk 
tissue and the large amounts. preseiit iih milk, gfuwth 
and lacLalion are as^iciated with lltt highest dietary 
rcquiKlIKfltf for K Mairugfiavii'C requirement for K 
range from ns little as 0.20% of ihe diet dry mailer for 
rinkm* ;uhJ etictoai to 0.40% PM In ht^rws; require- 

ments for jsrowih or lactation may double or triple these 
values i.Waid 1.97H), Growing pigs and calves require 
as much as upproxi muicly D.(SM DM i.GiVb and Creo- 
sfavw 1990; Weil et al. 19*8). However. Leibbata er aL 
t showed that inerising itnz dietary protein con¬ 
tent for growing pigs increased the K requirement from 
fi> r 0Q9k to approx imaiely 1.20% DM, Likewise* 
all hough maintenance recjuiremcnLs for cats are 
approximately OJJflt DM, growth and increasing 
dietary protein intake cun increase this to It much as 
03M with 6H r ^ protein in the diet of growing kittens 
i Hills el al. 19S2). Feeding trials have indicated LhuL as 
much as 0.80% DM may be required to mnimin feed 
elTicieiucy and raw i>f gain in Maxrs; lOC^r DM is 
required fm bonet (Devlin ei al I9W; Stowe 1971). a 
dielary K onntcni of 0.70% DM appears cm be adequate 
far COWS in mid- tn laie lactation, and high-producing 
cows in early lactation may require 0.fHM.0U% DM 

(Danyi and- Hemken 1978>. 

The sipv\ of ebrauc K dcficbency include anorexia, 
depressed growth, dull and coarse huir or wool, pica, 
hypiigalat'lia, lethargy, muscular weakness, stidneHs or 
paralysis, and neurologic dysfunction. Because of 
changes in pancreatic p-cdl electrical pi^tcnLial, insuhn 
sccrcltjry responsiveness to glucose challenge may he 
impaired, resulting in corixihydrate intolerance. In pigs 
and in chickens, dietary basic amimi acid requirciltCuls 
may inctnte during K deftckocy, bww» cheir incra- 
vvlhdjjr CWKCtlglUWftf increase to mainlain cation bal¬ 
ance (Ward 197% 

.Assr^sirreni uf Sbilus^ Crdena UHd l<i CVlbate K \\*i- 
tus have included biological R^OIW in Mjf>|?leifcu;n.isi- 
[aLrii, al^alysi^ of plasma and eryihnx-ytic K conccntra- 
tjons, and measurement of urinary flddtor lecul 
OKRtkA of K (Dow et al. 1 y£7a.b. 1990; iTadham and 
Hcmkcn l9Wij. Because IK is khcalcd principally w ithiii 
Che intracellular fluid cwptfUlKUL measurement nf 
extracellutar fluid k levels, as in Wood plasma, cun 
often be misleading as m the actual status of K in the 
whole body. One alternative is Eo measure K content in 
crythrecyLes in those species where these levels paral¬ 
lel Lhosc of other tissues, which ls noi Uk case in dogs 
nr cals (HiTVcy 19*9). Urinary K excretion may fll» be 
indexed to urinary creatinitvg and plasma K and cncati- 
uine conctntntkflfl as the fractional excretion xalue 
(Ft K .i for a gross indication of urimuy Lms r l"hix value 
lkuiy he Liffecicd by dietary intake, by renal tubular dys- 
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fund ion, taruL hy creatiniM clearance rate und should be 
interpreted with audm. Reference value* for each 
specks should be consumed in the interpretation of 
each parameter of K metabolism. 

I JicLury (k^uimnents, I iidivalions. and Use 

Intrinsic Factors. a* disetuad above, ren^u irt-- 

ments tor K are grcatesL during pregnancy, growth, and 
lactation. The potential for imbalance duiing (hresc 
phases of life is increased in animals fed Surge qaajiLi- 
tics of COHHtnttt during these phases Ihul are p0« 
sources of K. K availability froan DHl feed* is rela¬ 
tively high, #nd it* ahscwpiion may increase with 
increasing, dietary content, although actual mention 
may be naflficud (Combs and Miller I9ft5*jp; Grinds 
and Males 1997), GI disease may both depress absorp¬ 
tion of K and increase its secretion., thereby rapidly 
depleting the animal of K. In acute renal disease, exces¬ 
sive K inny be lost In die urine owing to tubular 
damage and un^ured reabtorptiofl from the glintKrulur 

Filtrate. In disorders -causing relative h y pc rad re n occult- 
cism—including third-space syufctpncs, dietary NaCI 
depletion. and chronic metabolic acidosis—increased 
aldosterone secretion may result in es.cew.ise K encre- 
lion iFettman 39BQ). Cats with underlying chronic 
renal dy-sfunetion fed an acidified diet marginally inffi- 

cioil in K have developed a cUaially ligoiScut 
polymynpathy/iiephrepathy syndrome (Dow et ;lI. 
J9K7a,b, ItfBK, I9OT)- 

EXTRINSIC Factors.. Other dietary minerals have lit¬ 
tle effect on K availability from feeds t'Endmuji et afi. 
HMD). Transport stress may increase dietary IK require¬ 
ments. and. in feeder calves. Mood p sn m el era indict- 
live of stress and weight gains following shipping were 
improved hy increasing dietary K hy 20% more iluifi 
that required by nevnstressed animals (Hutcheson el at. 
l*9M4)u Milk yields in lactating cows exposed to heal 
siress have been increased slgnilkindy hy increasing 
dietary K intake. Ln one study; a change from to 

1,00*1 DM increased milk yield hy 7.41 (Malkmee d 
dlJL IMS), while in another a change from 1.3% to U% 
DM increased milk production hy 4.^% (Schneider et 
al. 1986]!. Dietary acidification in cat* has reduced til 
K absorption, increased urinary K excretion* and 
resulted in negulivy K habmcc (Chiog et aJ I4N<#; Dow 
ci al. I Will. Primary K deficiency in cais i ppa n to 
nssuli in wduy IwiiM d^kwt, and earlier wisiri: 
in rats and tings indicates that supplemental dietary tau¬ 
rine may ameliorate the cardiotoxic effects, of K defi¬ 
ciency (Dqw et al. t 9#2). 

Preparation* anti Therapy. K is aviOabk in a variety 

of mineral products, including potassium chloride (lice 
salll; pcHa.vsi.um carbonate, potassium bicarbonate, 
potassium cilrate. potassium gluconate, and potassium 

nonokydnfn w dihydrogen phosphate. Injectable 

and oral preparations niay he obtained singly m m pan 
of a mulciininend preparation. Simple, aqueous >olu- 


liocks are indicated tor ejection, and tactned Ringer's 

solution (4 mmnl/1. K i xm as a has c tor many c*lra- 
celluLaj replacement solutions used in clinical practice. 
Single large doses of K hJH in solution should he 
administered parenteral ly with a great deal of caution, 
because the rapid increase in blood K concentrations 
can be candioLoxac. Single large oral doses of K salts in 

solution are much safer, us itair absorption i*. regulated 

by die animal and Cukes phfifi mm u longer peroid of 
lime. K concentration in inlravenous solutions should 
be adjusted according to the estimated deficit of K in 
lltt 1 puLienl. tmL became there calculations rely on blood 
plasma levels, they should he iuedcu«servativel>. Gen¬ 
erally speaking, K OMCCfTtntkw in iftnwttttl ^«iLu- 
tions should not exceed htl mmol/1, or he administered 
in Utica df 0.5 mmol/kg body weight/huur. Excep¬ 
tions to thia include cows with severe third-^pace syn¬ 
dromes following Gl obstruction -und caLs with severe 
kiiliopenic polyiiyopAd^/hcphoopadvy syndrome. For 
the laCCer, up to ID itiitml may he required to restore K 
levels, although ust cats respoad w-iili oral ■supfde- 

mcnLation of 24 mmol/day (Feiiman Frequent 

monitoring of bkxKl and urine K concentration*, cou¬ 
pled with reasonublc rules of replcnishmcnl. should 
prevent unwanted efleets, 

Touchy. K taxicosiEi m unlikely under mo^l condi- 
lions. resulting only when supplemented dietary pLU"- 

eoberal levels i>f K-notahtiag saktx are occulve (NRC 

I9S0). Imw IcveLs of increased dietary K (2-4 f jf DM) 
decrease diet palalahility, feed tncake, and rale of gain 
in growing animah lNRC Neaihery ei at. lySOj. 
Higher levels of K (greater than ti.SS g/kg. hody weight) 
administered orally to young calves produced now 

saUwtioo, mucfllar lie him ol the limbs. cxctiUttiy, 
SKtahoBc ACidoshb, und hi'nwxonceniLratiLifi (Ncathery 

et al, 1879), Intravwou« adntiflittration of large 

ajnnunls of K results, in uLL qncia. ill eardiLHc^idiy 
thuiucleri/cd by such eleecrocardiograpliie ehangc^ as 
increased T-wave amplitude, decreased P-WtM ampli¬ 
tude^ prokHigrtl QT Lntcn at. and vemncular fihfillaiiuii 
or asysiolc (BdtDO 1975), CTirrmic consumpcirui of 
high dietary K can depress Gl magnesium absorption 

aijniflcaJDdjr. Feeding 0.48 g K per 100 g body weight 

resulted iak cliikical signs uf iiiagnesiunk ^ieficicihcy iii 
rats, while in sheep 2-3% DM is tolerated hefnre mag¬ 
nesium dqpktUJA results (MRt" l L >W3: Grings and Males 
IQR7; GreciiiL! cl aL 19S3). Ontniy to previous reports 
(NRC 1910), the addition of Na to high-K diet* to 
sheep did AM improve magnesium ItomeuMasis (Pot et 
til 11983). Maximum tolerable dictiLTy level* are 
assumed m be approximaiely DM for nn>st species 

(NRC IMOi 


MAGNESIUM 

Source arid Gkrorreince. "the magnesium |Vlgl con- 
centntin Of plants ill affected by sen I type, dimale, 
tight intensity; temperature, and stage of growth-, as 
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ilCUTLNtlUSCulur function h$YC t>C^i1 obs l: rv l: d gn fKHEfeC'nth 
■reared too rapidly with Mg-eontaining solutions. *o 
cuutiun shcHilii he HUldfld during rapid fanUWHIOUfl 
Mg replenishment. 

'(fliT«iefity a Mg tqiwocu has not heen reputed following 
tiaa m ytknt ol nuluni] bfidMuffil -him! has bttfl und¬ 
ated with HuppLcincnLUiun only ftoffl trtn- 

mercial HtHHJL Chrome ingestion of km Ink levels 
of Mg has bttd flftUCkifid with diarrhea, depressed 
nutrient iii:ii.r:i- -r. mid lower races uf grsjwth in chicks-, 
guinea pigs,. catVH, and sheep iNRC" IWUl; Ov«lcr- 
Joeei ei llI. Higher levels can cause ancwe-cLu, 

weigh! loti, mndiarrhea, impaired heme mmemhzu- 
lion. LMhargy. and progressive degeneration erf' the 
strati tied squamous epithelium nil’ the rumen papillae 
(NSC lyWJ: Chester-Jones el d. IWflh). Acute Lwer- 
doufe with Mg resells in impaired imbor function in 
hone*, e-ntile,. and tings. In sheep and horses, respira¬ 
tory para]y*i\. cyanosis, and curdiac anrest have also 
been observed i NRC 1990), Maximum Inleruble 
dietary levels for Mg are approximately (kSDH in cut¬ 
tle and sheep and 0-30% in poultry and swine (NRC 
I9£U)|. Intravenous administration of UlEJtt g/kg body 
weight in horses, dogs, dole, and sheep has produced 
clinical signs, recumbency* and death fNRC I9WS. 
Oral admin i^-iiai inn of ) 5*2 limes the recommended 
hmalive di-feC of magnesium sulfate co horse* wich sus¬ 
pected incesLinal impactions. resulted in Mg Uuktriit 
and may have been predisposed by renal insufficiency, 
hypocalcemia, and/or damaged intestinal integrity 
caused by vascular compm-mi se nr concurrent ydtnini-s- 

LraLH.ni nt duxiiyt MPdium mlfeiucciuli (Hetuiiuger 

and Hurst 1997). Minerals and fld» teton which 
depress <31 Mg absorption will increase the tolerable 
Li mil of dietary Mg* flDd tntt Mg intoxication can be 
alleviaLed by ircsumcni frith Ca salts such as calcium 
hi kt 0^.1 neonate. 

Until recently u strong associadun was presumed 
beLween dietary Mg intake and tin; of feline 

lower urinary tract dteeasn (FLUTDk heretofore 
known unite* [he calcbdl term of ''feline ur-rdogic syn¬ 
drome," or PUS. Lxpcriincnta] sludies indicated a 
direct dose relationship between dietary Mg level aiid 
formation of magnesium ammonium phosphate frtnt- 
vate) crystals. uroliihs. and lower urinary trace ohsime- 
[Hipi (IrCwi* ef tL I97KJ. Reassessment of this work 
revok’d ihjji the sail form of Mg used to supplement 
the experimental diets was magnesium oxide, a potent 
dietary alkalinijer. Subsequent studies have shown that 
dietary eiTeets on urinary pH arc substantially more 
important Hum the dietary intake arid enduing urinary 
owftku of Mg in pfvdis|-kKsing cats to lower urinary 
met dfOtikn i Buffington et al. IMS)- While the pre- 
Awiunt form of ciystal observed in naturally occur¬ 
ring eases of FLUID is Atm vile, oof mil cases of 
FLUID are associated with cryXvlliiU or with any 
uNh^rniiLliiieh of routine urinalysis (H ufll nglcm et al. 
I997)„ Although dietary Mg and effects on arid-base 

metahulKm are significant risk factors fnr FLUTD, 


olher risk factors have included age, gender, seavun, 
weather, activity lev-els. and consumption of dry fiudt, 
and imponani findings have included mucus plug for¬ 
mation,, ureckrai spun, and viral ca bacterial infec- 
liLPikh h now of which may he responsive to dietary 

ihaitipulJLion. but all of which may inland to increase 
ilk relative risk Un dovdopumt of FLirro tBuffmg- 
iL?nei5il |W7; Jiuies et al. 1997). 


SULFUR 

Sdum ansi Occurrence 1 . Sulfur (S) in phots varies 
widely, Because sulfur-containing amino acids (SAA) 
are imporlanL. although ■Iniml, COmpOWfib of all 
pnfleans, organie S levels tend 10 vary wiLh nitrogen or 
crude protein content (NRC.’ 19S2), Thus, legumes con¬ 
tain mure sS than grasses, the leaf fraction contains 
jiktc S- than the slem. and total concentration decreases 
with plant nuturicy (Mlmoo is^9fh?k -SAA are pro¬ 
duced by plants, from morgunic ranees of S ahsnrhed 
from die soil. Plant S is found as SAA, elemental S, 
and sulfate salts of wkm CAtiOftf. Commercial 

uhcs of S include thore used fur soil ferti I Nation. 

fisosj and ptnirmacciiiicuh prcscrvaiives, dietary mineral 
xupplemcnts, fungicides, paper bleacher, fumigants, 
and sulfuric acids for indusLnat munulacture I NRC 

19*0). 

OnevuPeiiil Inums, Dislritnition, and Bioluglcul i liur- 
wirrtellrs. S is required for the synihesis of many S- 
coiimming compounds found in Lhe Ixxiy, including 
SAA finwthioninc. cysteine, cystine, taurinak some E5 
vitamins (hiotin, chi amine), structural compounds 

(chemdfoitiri solfMt, proteins, glyctjsaminoglycans)* 
and antioxidants tglutathinne. eystuthiomne. cysLeinyl- 
plycmey Disulfide bunds in some proteins play an 
importune male in tuaitUttg tertiary Strucnre iwcus- 
| wy fur smbrfural priuein integrity or enzymatic activ- 
i try. Conversely^ ox.idaLion oi' key sullhydryl groups- in 
J oihcr pncrins piLKiuccs maxed disulfide bridges., denat- 
* unit ion. and loss flf function, as is seen in Heinz Ixxiy 
frinu-iiluni fn-un hizcn^glnbin ;md membrane desLabili?^- 
dmi fr>]lowing oxidative free radical damage. 

By vinuc of microhial ancojp^^ratton of inorganic S 
inio amino acids, ruminants arc capable of using a wide 
variety of dietary ttittH of S, Elemental sulfur, 
sodium sulfiiie. -iukI DL-iiuethi«nine were shown io 
result in similar increases in S retention in heifers fed a 
tall-fescue-bused diet, although predominant routes of 
S excretion differed juming treatments t Front cl nL 
IW0;i r In sheep, dietary supplementation with sodium 
sulfate lo approximately 2 g Vday resulled in appruxL 
malely 50% absorbed and recycled through plasma sul¬ 
fate ( Kandy lis and Bray 1987k In f«8* it has been sug¬ 
gested that during dietary S deprivation, plasma sulfate 
recycled to the rumen via the saliva can significantly 

affect S bakun in mmifflautfl (Kandylis 1983), Mono- 

gutrici on Lhe other hand, muse obtain all ill' their 
organic S in the form of exogenous SAA, However, all 
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CHROMIUM 

Source and (Icrummer., Chromii™ (Cr) occurs in 
Hire® valency bIiiIi-h im Crfll), C^III), aatd Cr(YI). The 
tri valent and httavatefiA forma are roo*l stable, while 
CrdD is rapidly usidi/cd to Crflll). Meats, grains, and 
brent’s contain ehrornium, principally as Crillll 
(NRC 198:1). C!r hisciavailability appears to be greater 
from luilural sources, or supplemental CrCI. fihan from 
other salt I turns such as chromium acetate hul is never¬ 
theless poorly absorbed from the gastn;u nl e *1 i i i-i i1 {C [) 
tract regardless uf nulriLiorud StfiUtt Of dosage, Recent 
work iihIk L alCs Chat 03 Cr absorption may be enhanced 
sign ilk -jiii ly hy preciejrmem with nonsteroidal anti¬ 
inflammatory drugs Like indomechaein Of aspirin 
(KamaLh el aL 1997). This effect may be mediaied by 
an increase in mucosal! pernwabiliiy, by inhibition of 
Gl prostaghindin synthesis, or by the presence of a 
more acidic luminal CfWtfOllflXMOt and is reversed by 
replacement with an exogenous prostaglandin E, ana¬ 
log., Concurrent treatment of pigs with porcine pituitary 
somatotropin does rani appear to atlect ussimaluLkni of, 
cn physiological response TO. ^uppkin^mal dietary Cr 
pflcolinalc (Anderson d ul, 1997}, 

Biological Churncleristks and SSrus of Defi¬ 
ciency. In animal hssues. CrtllM is bound to plasma 
proteins and distributed! predominantly in livcr r kidney, 
and spleen. CrfHI> ihe biologically active form, 
incttcptnatol into a low molecular weight ligand con¬ 
sisting of nicotinic acid, gjuumuc acid, glycine, and 


cysteine (NRC 19HU; Oltenboichcr and FI Sutler 
1988), This mmoound i* known as "glwtw tolerance 
factor" (GTF) and! is required, together with insulin. lor 
normal glucose utilization by peripheral tissues < Sar¬ 
gent et al. 1979). The GJT eniunces the KtCtkms 
between insulin and its cell membrane receptors via 
sulfhydryl groups, thereby facilitating insulin 1 * actions, 
Rais cEwsuming a Cr-lree diet develop a synd^mc 

indistinguishable from diubeies mellitus (Sc'hro^der 

1966; Wooliscroft and- Barbosa 1977). Because of this, 
biological function for Cr and declining tissue Cr lev¬ 
els with age in hfluians, it has been pn.ipnxed that rome 

forms of adult onset or min-insul in-dependent d iabetes 
mdlitus may he associated with nutritional Cr defi¬ 
ciency. In grow ing Holstein calves led com-col In ns wd 

hull dieli containing .170 mg Cr/kg dry matter (DM), 

glucose clearance during an intravenous glucose n dur¬ 
ance i«4 (TVG7T) was i mproved by about 279b. and 

serum diolesicrol decreased by about 10% t Bunting et 
al. 1994). Other studies. have found that dietary Cr sup- 
pIcTHeiVlallcH! in hnmmis may incn.-js-j sufurn HDL 
thigh-cfcnsity lipoprocdfs) cltoLe^erol eciucfirtratLionsH 
which may in Lum reduce the risk for coronary heart 
disease (Roehaek ei al. 1991). Likewise, dietary sup¬ 
plementation of growing-Finishing, pigs with 20U 
nig/kg DM Cr as Cr pietilinate or Cr tripicolinaLe has 
decreased serum cholesterol significantly (Page et al. 
1993}, as well is improved glucose disappearance by 
about 30ft during an IVGTT (Aimikon et al. 1995), 
Fat thickness over the ribs was decreased, and nitrogen 
absorption, dry-matter digestibility, daily gain, longk- 
simus musebe area, and jx'rcciilage of i&iuscbng. were 
increased in pigs tPuge et aJ, 1993: Kornegay et al, 
1997), while fat thickness over the ribs and serum cho- 
lesten.ll wen; each decreased by almost 30% in growing 
lambs (Kiiehakmg et al. 1995). 

Studies, have indicated that steer calves fed a corn 
silage diet may be Cr deficient, based on un increase in 
average daily gain and feed efficiency following 
dietary \iifiplemeniatkon with 0.-4 ppm Cr as a high-Cr 
yens! product (Chang and Mowat 1992). Following 
suppkmienLalion wi|.1i 0.2 ppm Cr as high-Cr yeast, 
CfUlApOft-SlIKSed feeder calves experienced not only 
an increase in dry-maner intake, feed efficiency, and 
gain but also significant decreases in serum cortisol drtd; 
increases in serum immunoglobulin eonceiilraCitiAs and 
hemagglutinaLing an I ibody titets to human red blood 
cells (Mwnsie-Sta^geer and Mowai 1.993: Chang and 
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Movnl 1992K Dietary Of supplementation with 0.5 
ppm improved the peak antibody response to un in fee* 
lifflu bovine rtiinutracheitis (JBR) vaccine challenge in 

8HWMth-aU calve* (Button m aJ. 1994) and inerea-Mal 
boih ihe humoral nspoikw to o^dbumin and mitogen- 

>.limuljAt£iJ blaMogenie re*ptm of periphery] Hood 
mononuclear cells Ln cariy-lactation dairy cows i.Bur- 
Ion tit aL 1993). When neimatal alvei were led u milk 
replKcr diet containing 0.4 ppm supplemental Cr from 
CrCl, Of u Cr-nicolinw: acid complex., birth in vitro and 
in vi vo bldiDts of cell-mediated immune function were 
enltmcedL as was the response UK nn irilliHtUBfll chill* 
Icnge with 1BR (Kegley <M al. I996) r However, in 
another study, supplemental dietary Cr (0 l! 4 ppm) 
from yeast had no effect on antibody titers lot Lowing 
vaccination in stressed feeder calves against IBR. 

parainfluenzal (Pl s K bovine respiratory syneitial virus 
(BK.SV), or bovine viral diarrhea i BYD), and Cr from 
an ammo acid-chelated source improved the response 
to BVD vaccinfllim only (Chang et jL 1996). Like¬ 
wise. ft- to ti-wttk-old calves supplemented with a 
higher ymsA product (3 mg Cr/day) exhibited no 
changes in the secret km of adrciKicorlicMfCKpic tor* 

mone (ACT I Ik cortisol, and plasma lumur necrosis 

factors or in lymphocyte proliferative response to 
mitogen stimulation following challenge with bovine 
herpesvirus-1 (BHV-1) (Arthington et al. 1W7). 
Although supplcjnnitalion of weanling pigs with (j.:2 
ppm Cr as CrCl,. Cr-picn-linate. or Cr-nicotinic acid 
complex improved race of gain, feed inlake, and in vitro 
cellular immune response, ii hud no effect uni in vivo 
immune challenge with lipnpnlysnceharide Ivan 
Heugteii and Spears 1997). In another study. 0.3 ppm 
supplemental dietary Cr as Cr-piooUElite did signifi¬ 
cantly decrease the plasma minor necrosis factor-cx 
response to I ipnpoly saccharide challenge in growing 
pigs (Myers el ah 1997). 

Ihctan R^uirnmnlv, Indhultons List, and io\k- 

Hy-, Few specific indications far Cr supplementation 

have been identified for domestic miimals, It has been 
suggested I hut Cr, like iron and zinc, may be 
sequestered during infections, thereby increasing its 
requirements, but Ibis has mn been thoroughly studied. 
Newer studies cited above on growing calves and pigs 
snd lactatitig cow 8 ! indicate that typical feeds may nut 
be adequate in Cr and that ^uppkfVKfflll Cr, up to 0.4- 
0.5 ppm, may have beneficial effects on growth and 
immune functimi. 

Some Cr salts (trfande, chromates, and dichnv 
mates) are potent cylolmms by virtue of Lheir pnertem- 
preeipitaling and oxidizing properties. Signs of acute 
oral Cr toxicity have been in frequently observed. In 
young Clives, pstrk congestion and inflammation and 
ruminal and uJbumasal ulceration were seen following a 
tingle dose of 30-44) mg Cr(VI i/kg body weight (NRC 
19841). Signs of chronic oral Cr toxicosis have inriufed 
titin contact dermatitis,, respiratory passage irritaLion. 
ufeeraiion of the nasal septum* and lung cancer. Maxi¬ 
mal inferable dietary levels for Cr are approximately 


3000 ppm in the oxide farm and 1000 ppm as the chlo¬ 
ride till (NRC 1980K 


COBALT 

Source and Occurrence.. Cobalt (Col content of 
plants varies w ith soil content and pH, as we! I as with 
rale of plant growth, Australia. New Zealand.. Great 
Britain, and poitinm flf Africa have Co-defiden! areas. 

In North America, low-Co soils are found around the 
Great Lillies and in New England and Florida. Uptake 
of Co is low by forages grown in alkaline soils or fol¬ 
lowing the use of lime fertilizers (NRC I9K2). Co con¬ 
tent is alsu low er during periods of rapid plant growth. 

Blnlegkal Character Kile* and Wans of Ihlkkicy; 

The principal function of Co is ax a component of 
vitamin B ^ (cyanacabaianiui). Thus, nonruminantv 
have not been shown Id require elemental Co in Lheir 
diets r since Lhey receive vitamin B,, preformed. In 
ruminants, and possibly other herbivore*.. dietary Co 
is required to support enteric microbial synthesis of 
vitamin B r Supplemental sources of Co include 
cobalt oxide, cobalt chloride, and cotall sulfate: how- 
ever, much of an orally administered dose of elemen¬ 
tal Co is not absorbed—in rats, SQflfc is excreted in the 
feces. (NRC 1980). 

As a vital component of biologically active vitamin 
B |r , Co is required for those metabolic functions 
described for cyanocobdamifi. I3iexe include erythro- 
pnicsis (as a cofactor few purine and pyrimidine syn¬ 
thesis); histidine, methionine, and choline metabolism 
(as a eofactor fur methyl group tnuisfers >; and propi¬ 
onic acid conversion ko suceinyl Co A (us a eofaetor far 
methyl malony I CoA immersK), Marginal Co defi- 
efeney in nunirams may he associated with impaired 

reproductive f unci ion. reduced appetite, decreased 
growth rale, and reduced milk production. More obvi¬ 
ous signs of chronic Co deficiency may include Jrank 
iniippetencr, progressive weight loss, emaciation, ane¬ 
mia. arid dfifldl (NRC I960). 

Dietary ttetjiiirements* Iindisalinns-, and Use, In 

areas of endemic deficiency., top dressing of soil with 
100-150 g Co per acre is sufficient to prevent defi¬ 
ciency. Coball iron oxide pellets or admit oxidic/ler- 
ruginoti* clay “bylfett'* rnny be wdmirtisfcfled inlntnimi- 
nally to provide far slow release. Problems associated 
with these pellets include regpurgitetfefi by l to ^mimal 
and coating with caJcium phosphate, which reduces ibe 
bimvaitabllity, Co sails may be included in trace min¬ 
eral promix* and salt blocks m can be added to kme 
salt at a ratio of 15 g/ lOO kg fur sheep and 50 g/100 kg. 
far cattle. Evaluation of cobalt glucoheplonate to 
enhance in vitro fiber digestion in ruminal fluid 
obtained from steers fad a Co-sufficient diet indicates 
that Increasing dietary Co above ik« miniitwrn require¬ 
ment recommended by Lhe NRC’ ( I9N9) has no addi- 
ItOnal effect (Hussein cl ul. 1994), 
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anomalies (Lhsn castices,. hn.Kudened epiphyses carti¬ 
lage urobilins, and o&teupurusis). 


IMMUNOLOGIC FUNCTION A Nil FREHE RADICAL 
METABOUSM. Cu deficiency has been uwriited with, 
impaired mitogcn-stimulatel T and B lymphocyte hlas- 
togeneiis,, vduod aotitaiHfy production following chal¬ 
lenge w ith certain antigens-, and impaired ceJI-medialed 
immunity (Pniiasb and Lukasewycz 1981; Keller el 
al 19K7; Failla et al. 1988; UaJa et al. 1992). Cu defi¬ 
ciency has also been shown to Impair respiratory burst 
activity (owing to lass of eytochnitt c oxidase activ¬ 
ity} and lii suppress eandidaeidal activity (gw ing lo \m& 
of Cu. Zn-superoxidc diHvnuLa.sc activity'll in isolated rat 
peritoneal rnacroph-ijges (Salw and Fad la 1990a f 
Moreover, the respiratory burst and mlcntkidil activ¬ 
ity of nxknt and bovine neutrophiK were likewise sig- 
nif5eiiisl.lv impaired by (”u deficiency (Bahti and E'ailla. 
1990b; Boyne and Arthur 1981 1936). Dietary Cu 
depletion of Holstein steers resulted in significant 
depressions in neuliDphil sipefOXade dtsmulase activity 
and killing capacity for SiaphfkHrucCiis aieremr even 

when no other sign* of Cu deficiency were apparent 
(Xin el al, 199la). Copper deficiency in Holstein steer* 
also impaired the immune responses generated against 
ftrjffunpffei hcmalyticQ and IBK virus challenge (Stabel 

ci al. 1993). Abnomnalflin in Cn, Za-tuperoxide dis- 

muta.se activity in Cu-deficient laboratory mdenh may 
have also resulted in increased free radical-mediated 
lipid perosidalion (Prafiaska 0991; Lawrence and J-enk- 
inson 1987^ Uatevsku el ti,L 1981L In .addition, simulla- 
neovii Cu defietency-induced decreases in hepatic 
aciivities of Se dependent glutelhione peroxidase and 

non-Ee-dependent pluLichione transferase may have 
impaired alternative mechanisms for free radical 
quenching (Frobasku 1991“ Allen el al. 1988). Thus, 
hurt defenses against bodi micmibial and chemical] 
insult* may be impaired by Cu deficiency. 


Signs of IkTkrency. As indicated by its metabolic 
functions., Cu deficiency may result in dysfunction of 
several body systems. Clinical ittanifet-uiiojis include a 
hypochromic, Bucvwytic anemia similar to that seen 

with dietary non deficiency, bane disorders, neonatal 
ataxia, hair or wool de pigmentation, impaired kera- 
EiniZtftion (resulting in uncrimped. "'steely " wool i. 
infemihcy, c&rdittva&cul lur disorders,, dtanihea (“peat 
scours" in New Zealand due to dignity Mo oivcsn U and 

inimuncHijppffcssL +m iLofsiedL cc al, I9HH: Sunders 
1983s Mills et til. 197b). In human patients maintained 
for longer than I year with enteral or parenteral feed¬ 
ing, Cu deficiency was associated with anemia, neu¬ 
tropenia, or pancytopenia, which were responsive to Cu 
suppIkmientalKsn (Taifuira et al, 1.994; Wasa et al. 
1994), In the absence of other obvious vigns uf defi¬ 
ciency, a Cu-deficicnrl, high-M l> diet fed in feedlOE Cel¬ 
tic has resulted in depressed Iced intake, feed effi¬ 
ciency, and growth (Irwin ec al. 1979). Other studies 
haw shown that DHMftil ataxia in calves may appear 
without other signs of Cu deficiency in the dams 


(Sander* and Koestner 1980), Likewise, lower plasma 
Cu level-s in luciating cows have been associated with 
Lower milk production, lower hematocrits, and 
impaired fertility w hluiut other. tmw obvious sign* of 
Cu deficiency (Kappel et afi. 1984). In another study, 
only combined supplementation with both On and Mg 
Mills improved Senility in Holstein cows, w hile individ¬ 
ual mineral suppkmicniaikii 1 i alone had mo effect 
(Ingraham el al. 1987). 

In llii epidemiologic study of osteodundlroAis in. 
Thoroughbred fouls, 7 of 8 animal* had subnormal 
serum Cu and ceruloplasmin concentrations., and 
pathologic lesionv. in Lhe tones, of endochondral ossifi¬ 
cation were similar id those observed in experimental 
Cu deficiency-induced lysyl oxidase dysfunction 
(Bridge* et al. I984) r Throe of those foals- may have 
been exposed to excessive Zn. thereby suppressing 
dietary Cu avtilabilily, Foals fed 1.000 ppm or mure of 
dietary Zn developed r secondary Cu deficiency and! 

cartilaginous di&r-usc dhurucierisiic of otueiKhmidriib 
dissecans i Bridges and Moffitt 1990). Rull fed an 
experimernak kiwCu (1.7 ppm) liquid milk roplacer 
dici aKci devtluped cartilaginous lesion*, including 

fiscal fragmentation of articular cartilage. metaphyseal 
physis separation, and widespread chondracytie 
hypoplasia ;ind necrosis (Bridges and Harris 19KH), 


Assessment of Status. Plasma Cu levels may be deter¬ 
mined by atomic absorption spectroscopy: lower-Lhan- 
ncumal levels may indicate Cu deficiency. Conversely, 
increased plasma Cu levels may occur wish inflamma¬ 
tion (due to IL-I effects) or with Cu toxicosis, Unfor- 
tunately, plramaCu concentrations do not necessarily 

reflect storage levels in organs like liver or kidney. 
Thus, plasma Cu levels may he normal in the face of 
impending deficiency or toxicosis. Ashed preparation* 
or acid extracts of biopsies of these storage tissues may 
also be analyzed by atomic absorption speciruscnpy 
Owing to wide variability among animals in a given 
herd, the minimal sample si/e for detervninaliofi of 
blood Cu status in cattle has ranged from 1 to 22 r $ of 
Lhe herd (3-55 cattle Mjjnpkd/herd) (Timer eE *J. 
1918). In hon«k significant breed and age effects have 

been identified with respect to hoch plasaiui Cu und 
ccnjIopliLsmin levels (Cymbaluk ci al. 1986). The use 
of serum ccruJoplasmin levels as an indicator of Cu sti¬ 
lus in cattle and sheep llu* been I inn led, io- iE iippram to 
correlate belter with plusma Cu c^ncenlralinns dlM 
wiih corresponding liver Cu content 4Blakeley and 
Hamilton 1985). Finally, as a resull of Cu. and euprev 
protein consumplion dunng. the process of blood coag- 
ulalion. Cu and ceruloplasmin levels in serum are lower 
ihan in plasrmi, and folfewing storage of Wood pimples 
□n ice for extended periods (Kincaid ci afi. l9S6h). 


Dietary Requirements, Indieutiuiis, and IJw 

INTRINSIC Factors. Dietary Cu requirements are 
integrally reliiled to lhe dietary imakes ot competing 
element^ including Zn. Mu. and inorganic S, Under 
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otherwise optimal diclary conditions, swine and poul¬ 
try require qfnHUUttly 4-5 ppmCu in the diel. while 
mminiLnth require ^ 10 ppm. Physiologic stales of 
jcftjwih, pnjjuncy, and lactatim iicfeue the Cm 
nqumneol Hcoftiingty. HI disease, which may affect 

Cm absorption, and renal Jimw, which may affect Cu 
Ions in Lfoe urine, arc examples ol disorders affecting 
the diclary Cu requirement. 

Extrinsic FactoBt Fadon affecting Cu ibaotp ik M 
include (Hoary lewis* pre se nce in the diet erf minerals 
ihui may compete for import (Fv. Zn P Ca. and Cdk 
and interfering aabstancei Lhai may bind Cu (phyiate. 
fiber, delating agents) (Fischer et al 1981: Prince et al. 
1984 k The Ktual mecbaniiiis respEjnsihle fur the 

inhihitnfy effects of Mo and S on Cu ahtorpliLin and 
metabolism have nirt been completely elucidated hul 
may include Gl precipitation erf Cu as insoluble 
thiomrfybttafees, aniagtniiMSi of Cu iraJispH.ui by cnierti- 
cyles, and. if mfflriral thknnolybdatcN are ahvirhcd. 
cfaeUbw of Cu fmm plasma albumin and tissue nwiab 
totfriootutt, resulting in increased fecal and urinary Cu 

excretion (Kincaid and While 19M; Sutllc 1991 i. 
NnmnpMJns and equations describing the effects of 
diclary Mu and S ikts Cu absorption have hcen published 
lo predict lheir effects uti-dielary Cu requirements iMin- 
Viin SWIM- In iuldiLmn, C'lt uvailjhilily may hg rflVvIi^d 
by curing or storage of plant materials; Cu in Fresh tor- 
ape in generally ks> available than that in the <mmc 
dried forage* wing to greater nirnanul sulfide genera - 
licvn by fresh forages. Likewise, low-roughage. high- 
ciuhcenlraJe diets, which prunUHe ruminal vulfide pru- 

riuirlmn, iiuy inlLrrtunj wills Cu availability. Although 

IntCfKtkfltt hive been observed between dietary Cu 
source sCuO vt QlSOJ and acid-base metabolism, 
dietary catioo-mkm balance ha* not bevu shown io ham 
«ny effect cn dietary Cu avattsbilily (Xin ei iil. 1991b). 

PrcpuratiuUM and Therapy, In deficient areas. Cu In 
the furm rf cupric sulfate can he added lo saJl at a rate 
of 0J%- Soil fertilization with Cu has been, used tn 
Australia and New Zealand Nil may be Ineffective in 
areas of the western United .States where cos I Mo Levels 
arc high. Oxidized popper wire, broken Into small nods 
of It) mm or less in length 4ind referred to as copper 
oxide uvtrik* iCmO ). mav be admin istercd to mmi- 

i i " Mi a g a 

muiLs in gelatin capsules. Following their intrarummal 
deposilion. they slowly pass. Go the ihftinffl for long¬ 
term retca.se following the action by ga^Lnc acidity Lo 
solubilize ihe Ca tCamcron et al. 1989), A single oral 
Jnsc of copper oxide needles al the start of Ihe grazing 
season bus been shown tn provide adequate Cu supple¬ 
mentation for sheep and tattle for several months 
(Cameron ei aL 1989; Subtle I9K7) P En sheep, a dose of 
Cl, I g/kg body weight iapproximately 5.0 g/ojiimalj 
appears to be adequate lo maintain liver and serum Cu 
levels far at least 2 months fSutlJe 1987). Jn cattle, as 
little as 5.0 g of copper mUe needles can maintain liver 
Cu store* for 240 dayv and a dose-retaied increase in 
liver C el is obwrved following adminlstraEion of up Co 


IM1 g (Sutlle 1987), Copper oxide w ire alsL! lippeurN \il 
have 4in anthelmintic 4ictw.m in sheep, with a 5.0 g Mm 
reducing panti Le burdens by m mach As C M% for 

Harmmrhux fflUOfUJ burdens and 5691 for Qstrrta^ 

gkk cittcMt (Bang ei 4i I 1990). Another approach k the 

use of crauroiled-relcaw copper oxide-imprc^nated 
glaK IksIuscs— 17 £ boluses for sheep and 75 g hoi uses 
t'nr callle. containing appntssimately IH 1 ^? by weight rf 
Cu (Allen et jL 1984), Su^laincd-release methods of 
Cu administration provide longer-term pnHection 
againsj Cu deficiency and a greater margin of S4jf-ely 
agains.t Cu Cox icily, which is otherwise a concern with 
mineral salt supplementation. 

Tovirity. Cu tDUOOHl nuy he either aeuie Of chronic in 
chronology, but the signx of chronic Cu poisoning are 
usually evoked peracuLcly. thereby conl’uMiig ils. inter- 
prelalitHL. Acute Cu toxicosis may occur following lod^ 
dental cwnfcnafe or cottttMnptkn of Cu-contaliilng 
anthelmintics, foot tuuh%. fungicides, or feed additives 
(NRC )9§0], Cliuicul signs include uuuok vonlling. 
salivation, abdominal discomfort, convulsions, parcily» 
nih, COlUpte, and dealh 1NRC I98ffy Puthsihiy ie Mm 
include widespread organ eongcslion. extnavascular 
fluid exudation, and hepatic and renal degeneration and 
nVLimiv Guonk Cu lG7X.U:c7si\ prugrv^^s th^iUgh EWm] 
phases. The first i\ ihe lonp-tcrm accumulation pho.v;-, 
during which abnormally high k ve h of Cu are accumu¬ 
lated by Lhe liver (SnU 1 C >KUJu This results in 4i subdini s 
cal period of organ damage due Its excessive Cu accu- 
3iMila.tuHL. which may be characterized by hefuEtK ellulor 
dqunlkXh ckvitkw in kvhii kvcb of hepatic 
enzymes, and spt»ngy degenenUu»n of ports of the brain. 
The second phase may rcpresenl an acute Ctdmkutioa 
cs f (hi» subdinical period or may he pneipkaked b> 
HHKttCMle stress ihiJi mulls ill SywjMimat degeiiCiation, 
Cu release, and a hemolytic crisis (Ishmuel ei id. 1971; 
CkipiiLBlh ct al. 1974; Soli 19801. Three basic mecha¬ 
nisms have been idenLitled for hepatic Cu accumulation: 
simple chronic Cu prwscming in response bo excessive 
dietary inlakifL birpulG^giriHiUN ehnirtic C "u p'K^iMinin^!. hvU 

lowing injury by to5tk plant alkaloids tsueh us from 
fMiotoopium rumpiit'mr <sr Snwdia spp,) and Cu accu- 
muhitHHu by diUiULgcd kpRxytn; and phjrtofHHMH 
chninie Cu poisoning following consumption of plonLs 
grown under high-sulfate and'rf excess- Mu cundi Lions, 
which facililate Cu accumulation tc> toxic levdl tBtwl- 
widt 1982), Sheep are particularly sensitive lo chrome 
Cu Icnkodi, accumulating excessive hepalic levels W- 
hnriog omtumptim of otberwik nwiderjiu levels of Cu 
in Ibcir feed. The hcmolyLic crisis may he caused by 
direci oxidative eilcctK h> V u or lysosomally denved 
free mdicaK chi hemogtohm, leading to Heinz body for¬ 
mal™, and un eiythrocyle membnmes. leading tn 
membnUK instability tNRC l9St)l- In ©iiher ease, red 
blond ocll membrane rigidity increases their fragility 
and precipitates in hemolysis. Sheep uppeor Lo be the 
most sensitive species to chronic Cu Ddddcnb. Ollier 
species are affeLtgd mily aL much higher dietary 1 intakes. 
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have an unthrifty appearance (Niyo et al. II980; Weiss 
ct al. 1983; Moore and Kohn 1991 )- Se deficiency has 
heen associated with significant derangcimmLs of boLh 
humoral and cell-mediated immunity in weanling pigs, 

beef oJvcs-. 4Ukd lambs (Run et al, 1983; Rtffet et al, 
1988; Sweeter el al. 1989: Le-isaid et al 1991). Prepar- 
turn treatment of sows with Sc or vitamin E has 
resulted in higher colostra! IgM levels and improved 
immune transfer to iftie-ir offspring (Hayek et ah 1989). 
Dairy cows treated at 3 and 13 weeks before calving 

with Sc as sodium reknite (5 mg/100 kg body weight) 
and rf^a-tocopheryl acetate (25 IU /100 kg of body 

weight') produced 22% more colostrum during the FLral 
36 hours postpartum and 10 % more milk during the 

first 12 week' of lactation ilum noruijpplemenccd cows 
(Lacciera eL al. 1996). Whi le blond glutathione peroxi¬ 
dase KtLYilitt *1 birth mid 28 days of age were higher 
in their calves, there was no effect on plasma 
inununogLnhulin concentration or body weight. 


Dietary Requirements, Indications* and llse 

INTRINSIC FwCTOftSr Requirei¥i«fil& few Se are greatest 
during pregnancy, growth, and lactation, Other Intrinsic 
factors which may iffibet (he Sc requirement indode 

systemic diseases which increase oxidative stress due 
to mfliinurailury,. neoplastic. or other tOJEk effects, 
thereby increasing the need for free radical quenching 
arid senobintic bkitransformation (Rett man 1991 ■ 
Pence 1991). Significant reductions in plasma Se con¬ 
centrations of hospitalised human patients with euthy¬ 
roid sick syndrome have been attributed DO their hyper- 
catabolic state (Van Lenle mi Daber 1992), 


Extrinsic Factors, The considerable site- and 
species specific differences in pbui Se content can 
have signdUcuyt effects on supplemental dietary Se 
requirements in rumin^nu. Likewise, varijuion In vha- 

mi n E content of both plan!- and animal-source dietary 

components can affect supplemental dietary Sc 
requirerrwmls, Regardless of the source of Se supple* 
iikTiannkni used, dietary Se appears rahe more available 
1o sheep fed a predominantly concentrate versus a pre¬ 
dominantly forage diet (Koenig et al. S 997}. Although 

dietary levels of tnnsilloii elements may influence 
oxidative duogu in feeds, nei ther Cu, Fe, or Zit hare 
been shown to affect Gl Sc absorption (Miiwm l99l‘Hb: 
Dove and Ewan 1990 k Diets For growing and finishing 
heifers and steers should probably contain at least MO 
mg Sc/kg DM. and those for breeding bolls and preg- 

Kiinr, of l&c rating cows should chum ilftf-CUO mg/kg 
DM (Min&on 1990b), Fw dairy cow*, Gl Se Ab&arptian 

is linear over a range of approximately 0.4-3,1 mg/day. 

■iiirhJ the daily requirement is estimated at 2-2,5 mg/day 
•I Harrison and Conrad 198-4; Stowe a al. 1988]. Refer¬ 
ence values- for acnui i i Se (ng/mL.i are 70-100 for cattle. 
120-150 for sheep.! 30-160 for hones, and 180-220 fur 
swine (Stowe and Herd! 1992), Hepatic Se concentra¬ 
tions arc normally between 1.2 and 2.0pg/g DW. for all 

species and ages (Sttiwc mi Herdl 1992). 


Preparations and Therapy Sc fertilization! of mar¬ 
ginal Boils is effective m raising plant Sc content. Sele¬ 
nitic sails appear lo be more available Lhan selenite 
salts, and in New Zealand, sodium &dciutf c-contalning 

granules with 1% Se have been used to apply approxi¬ 
mately 10 g SeAteetare each year as a means of 
mcreasing forage Se levels (Minsori I990b)^ In the 
United Stitts, the Food and Drag Administration 

allow s up to 0.3 ppm Se in complete feeds for tattle, 

sheep, swine, chickens, turkeys*, and ducks. Salt and 
mineral mixtures fur free-choice feeding may contain 

up to 120 ppm for beef cuttle and 90 ppm for steep. 

Total daily intake should Hot exceed 3 mg for beef cat¬ 
tle and 0.7 mg for sheep. In breeding ewes, it is 

reported that oral doses of S mg Se one month before 
mating and one month before- lambing may improve 
p-prndwl ive performance. Sutfidri^rclciM pellets 
containing, elemental Sc in an iron matrix, as well an 
Sc-eontaining osmotic pump boluses, are available: for 
iiilraniminal iMlmiiiislraliun (Maas ct al. 1994). Ail 
alternative intraluminal slow-release device is a glass 
bolus impregnated with elemental Se. Injectable eum- 
hinaEinn products of vitamin E and selenium contain 

approximately 50 IU of vitamin E and 5 mg of 

mum per milliliter and am dueled aft about I ml. por 100 
kg of body weight. Parenteral doses of approximately 
5 mg/100 kg of body weight have been recommended 
to treat Se deficiency in domestic animals (Maas 1983; 
Van Vkai 1989; Moore and Kohn 1991). However, 

sonic more w ork indicates Lhat a single label dose of 
injectable Se does not result in prolonged blood Se 
conrenUllions or glutathione peroxidase activity 
which Ls normally considered to he* adequate (Maas et 
al. 1993). Blood Sc was shown lo peak at 5 hours 
patlinjectiun and to decrease below normal levels 

i hereafter, w hile Wood glutathione peroxidase activity 

peaked at 28 days and never attained normal values. 
More wort may be indle^ued to detefirfini the optimal 
dtwc of this parenteral product, and/or alternative 

methods of Se supplemental ion may he required for 
king-term prevention of dietary delk icncy. 


Tmicity- Acute, high-level .Se tux ieo>i s may occur 
under pasture conditions, following convumption of 
sufficient quantities of Sc-accumtilaior phuiis, mid foli- 
kiwiitg ew-erdi.»tage with a Se ^upplemenl lo prevent or 
treat deficiency, In pigs, m little m 3 mg Se/kg bi^ly 
weight produced fatal Se Eoxiewis niaoifesied hy vlm!u- 
iting, respiratory distress,, weakness, central nervous 
system (CHS) depression, coma, -and death i Hatch er 

ul. 1979b; NRC 1980), Dtetsry Jerels of greater ihait 2\) 

ppm hare iiJws induced tu^kdty in feeder pigs (CiftWdl 
el al. 19B5). In young lamb^, 10 mg vodium selenite 
iMlminisiered orally resulted in depression, aLa^ia. dys¬ 
pnea. pollafciuria, eyamisis, dilaied pupils, tympany, 
and death. Pathologic lesions included edema, hyper¬ 
emia. hemorrhages, and necrosis in several body sys¬ 
tems (Morrow 1968). Selenium intakes, as sodium 
selenite of up to 50 mg/day for 90 days or 100 mg/cLay 
for 28 days by adull Holstein cows had no udverse 
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effects (Ellin ct al. 1997). The minimum lethal dose for 
St 1 administered by intramuscular injection Lu dogs ts 
approximately 2 JO mg/kg (Janke I9V9). The minimum, 

single lethal do^v of oral sodium selenite for horses, 
cattle, and pigs are 3-3-, I Op and I 7 mg/kg body weight, 
respectively (Traub-Dargatz and Hzmar I9H6). 

Chrartk" Sc poisoning resulting fram prolonged 
intake of lower toxic levels of Sc results in the clinical 
syidhfflKi Of “‘blind staggers" or "‘alkali dfceott" 
(NRC 1980). Blind staggers, in a chronic clinical syn¬ 
drome that has been linked to the consumption of Se- 
accumulatLif plants and! ha.n been characterized with the 
paradoxically acute onset of blindness, head preying, 
circling, dysphagia. and panlysis (NRC IWHDt; O'Toole 
CE al. 1996), However, it has been suggested dial many 

field cases off “Wind sluggers" may have actually been 

sulfate intoxication-related polNicnccphalomalacia, 
and that others may have actually been malignant 
catarrhal fever, swainnemine intoxication (from the £e- 
accuitiulatur AjftidguAa spp.)_ or pyrrolmdine alkaloid 
inloxicuLion (Smecio spp.) (O'Toole cl al. 1996). 
Alkali disease has boon observed following the con- 

sumption of feeds containing 5-40 ppm Se over several 

weeks or months. Signs include lameness* hoof mal¬ 
formations, lews of hair (especially from the mune and 
tail), depression, anorexia, emaciation. and recum¬ 
bency followed by deoih (NRC I.9H0; Traub-Dargatz 

and Hamer I9H0), Approximately 2 ppm Se in the diet 
is considered the maximum tolerable tevel for all 
species. 


VANADIUM 

Source and Occurrence. Vanadium (VI occurs in. 
four valency dates m V(1IK V(lll). VfJV). and V(V). 
The pcnidvakiii salts arc vanadates, and the quadriva¬ 
lent forms are vanadibes. Vanadium is widely distrib¬ 
uted in nature at low levels hut uii occasion may occur 

it toxic levels in rock phosphate* which are used a& 
ptnephorus sources for animal diets (NRC 1980), 

Ahhougb Iks than I % of ingested elemental V is actu¬ 
ally absorbed from the Gl tract, it is considered a nuUo- 

Ikmilly v^stiMial trace demerit, and definitive biologi¬ 
cal effect® can be dennmsrrnccd following repletion of 

deficient animats. 


Biological Characteristics and Signs of Deficiency. 

The exact metabolic pathways for V iransporl and 
incorporation mlo tissues have not been cxlensively 
Studied. Absorbed V is taken Up by mnsi tissues of (be 
body hut is principally directed to growing bone, as, 
well as liver, kidneys, and spleen. Supplementation of 
ml diets with 0-1 ppm V as sodium orlbuvanadate 
(Na ( VOj) enhances growth significantly i'NRC 1980). 
Diels containing less than It) ppb relard fealher growth 
in chicks (NRC 19110), ('ceding 0.1 mg sodium meta- 
vanadate per kilogram body weigh! Eo calve* increases 
growth rale and emhnicyte prodhiciiun (NR.C IMD), 
Interest in V has increased in recent wan because of 


the insulin-like act ions it can vwn lmi a variety of tis¬ 
sues. Hollowing Uhe first demnnstraLion of insulin-like 
sti mutation of glucose oxidation in isolated rat 
adipocytes by Na,VO, (Sdtecler and Karlish lM0) r 
further studies were initialed to- determine whether 


vanadate might ameliorate some of the abnormalities 
observed in diabetes melhlus. When fed 70-100 mg 
Na. VO i per kilogram body weight per day for 4 weeks, 
rals with ^LrcptozoLocin-mduced diabetes mcllitus 

experienced significant i mprouemenis in Wood glucou 

concentrations and dynamic cardiac performance com¬ 
pared ia CLUiirols (Heyligcr et al. IW5). Neither paw- 
yvanadate nor vanadate exerts any effects on insulin 
binding or insulin sensitivity in isolated human 
adipocytes. yd peruxyvanadate wd£ as effective as 

insulin in inhibiting isofwot e re itol - medi a led lipolysis 
(IjOiuinmh et al. 1993)- In human patients with non- 
insuIin-dependent diabetes mellitus (NIDDM). twice 
daily oral treatment with 54) mg vanadyl sulfate for 3 
weeks significantly improved glycemic control during 
both oral glucose tolerance tesls und euglycemic hyper- 

insuliiHJiiiiic damps (Cohen ct al. 1995). Adverse side 
effects of vanadyl sulfate (50 mg twice daily per ns) in 
huuuitts have Included diarrhea, flatulence, nausea, and 


abdominal cramps alt of which disappeared after ^-2 
weeks of treatment (doden cl all. 1996). Increased 
i nsuli n-Hlimu hied hepatic glycogen synthesis 
accounted for most of ihe nearly 90% increase in sys¬ 
temic glucose disposal while hepatic glucose output 
was nftuly completely suppressed by vanadium treat- 


man:. In annlhcr study, oral treatment with sodium 
melavanadate (125 mg/day) for 2 weeks improved glu¬ 
cose utilization by approximately 3)40% in human 
NIDDM patients, reduced exogenous insulin require¬ 
ments by approximately 14% in insu I in-dependent dta- 
betics, jiiwl decreased serum cholesterol significantly in 
berth groups (Goldfinc et al. 1995), 


Dietary Require menSs^ Indicuti'ims. LI sc, and luxic- 

lly. No s^cific indkations for V supploneatmioiii 
have been identified for healthy domestic animals. It 

has been suggested that V. like iron and zinc,, may he 
sequestered during infections, thereby increasing its 

requiremetttSp but thi> has noE been thoroughly studied. 
Vanadium exen-s its toxic effects through inhibition) of 

cell enzymes, including Na,IC-AT Past (NRC 1984)). fn 
vitro ruminal fluid dry-mailer digestibility is reduced 
by a.s little as 5-7 ppm in the inoculum (NRt? I980j. 
llowtVtf, sheep hove Eulenited up to 200 ppm in the 

did, and collie hive been fed up ID 7.5 mg/kg budy 
weight without adverse e fleet* (NRC 1980), RiU* led 

up to 20 ppm V in the diet exhibit no adverse effects, 
but progressively higher amounts can reduce growth, 
induce diarrhea, -und ultimately cause death (NRC 
1980]. Supplemental dietary Ct hm been diuwii to alle 
vlhIc V toxicily, perhaps by antagonizing V-induced 
uncoupling of oxidative phosphoiylation. (NRC 1980). 
No specific rec^mfDemlaLLOns may be made regarding 
a safe and etTtcaciousdiase for the tmlnuem of NIDDM 
in .jifti mails. 
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Zl Nc; 

Source und Occurrence, Zinc (Zn) ccmocaitnillafii arc 
generally higher in plane leaves than stems, so that 
legumes contain mine than grasses, and immature 
pLanti cornaiii mime chan manure oik> (Mi nun 3990c: 
NRC 1982), Zn cof»«n 4 i^tons in fish mvi meat meals 

arc higher than in plants, particularly because of higher 
Zn levels in certain organ tissues {liver, kidney). 


on cellular membranes and mav alter membrane 

Jf 

fluidity, thereby alTectmg ion galang, hormone-reccpror 
inicrtuflicwis. cyto^kektsl activity, nwinhrmie*biiuifcd 
enzyme aeirvatton, mi membf*nc lipid pttiicrp«ttoft in 
free radical reactions. Jn addition, ihc expression dF 
several genes for the synthesis of hepatic proteins, 
including irunsLhyniin and retinol-brnding protein, is 

regulated by Zn and results in up-regulation of 
expression during Zn deficiency (Kimball et ah 1995). 


Oicmfcal Forms. Distribution, and Biologknl Char- 
mlrrislirc Zinc as. relatively available from a variety 
of sources, including elemental zinc and insoluble salt 
forms, which are solubilized by gastric adds tor 
absorption by the small-antestinal mucosa. Inorganic 
salts of Zo, including the oxide, earhonaie, acetate, 
chloride. and sulfate, are readily available following 
oral adiniiiivimtion I Neallkiy et uli. 1975; NRC 1980. 
Wedekind and Baker 1990). Chelated dietary forms of 
Zn. completed with methionine or lysine, have been 
purported to enhance hanavailability, and in one study 
improved immune responsiveness noticeably (Chirase 
et al. I Ml). Most studies have found little deference in 
Zn bioavad lability between ZnSO and Zn-melhicmine 
of Zn-lysme complexes, although they both ham 
greater availability than ZnG in pigs, cable, and sheep 
(Swinkels es al. 1996; Schell and Komegay 1996; 
Rojas et ah 1995; Wedekind et al. 1994). Oral adminis¬ 
tration of difcodohydre^yquinuieiti, a Zn-ctadaling 

componHid, has been shown to enhance Zn hioavail- 

abiliiy in rats and in hypo/incemic human patient!* with 
chronic renal failure {Paniagua el al. 19951. Eindoge- 
nous factors I (iill play a rule in Zn absorption include 
proMiigUuvdin E,, which may (aeilitaie ies mucosal 
transport* and me&illmhi.onein>, which me induced dur¬ 
ing iiifliLiti nviitiLHi and mediate changes in iniemrgan 
discrihu ion of Zn (Soborireki et al 1978: Stancher et 

al. 1.9BQ). IL-L released during inflammatory disorders 
and particularly during bacterial infections or endolox- 
emia. induce ^ hepatic and renal imnalluthionein syn¬ 
thesis, leading to sequestration of Zn in Lhc*e tissues 
and induction of hypozinocmia lElzcl et aJ. 1982; Kiss¬ 
ing 1984). While thin response may deprive proliferat¬ 
ing bacteria of Zn. thereby suppressing their growth. iL 
is also possible that lower Zn levels may adversely 

affect host meiabolie and immune responses a# well. 

MnABour PuNcnotts 

APOENZYME AMD MEMBRANE INTERACTIONS. Zn 
functions as a necessary cniiictoc for many metalloen- 
pymes. including alcohol, luetic uetd. malic acid, aaid 
glutamic acid, dehydrogenases, alkaline phosphatases, 
pancreatic carboxypeptidases A and B, carbonic 
anhydrase. deoxyLhyrnidintr Ikinase, DNA- and BNA- 
p^dy menses, and superoxide disntulssH;. Zn binds to 

many organic molecular moieties, including sulfhydryl. 

amino, imidazole, and phosphate groups. Thereby 
facilitating its imenctums with a plethora of biologically 
important cum pounds. Zn has a -direct stabilizing effect 


I MM UNQUHIC modulation:. Zn-dc ficicnt mice 
demonstrate impaired cell-mediated immune rHpOQxs 

co iDcpieic turner cell hwcutatioiu m d reduced 

delayed-Lype hypersensitivity reactions to dmitrofluo- 
rohenzene. both of which are corrected! Following Zn 
supplementation (Frost eE al. 3981; Frakeret al. 1982). 
Similarly; the humoral immune response la sheep red 
blood cells is. reduced in Zn-deficient mice, predomi¬ 
nantly through interfere rice with T-hdper cell prolifer¬ 
ation and function. lading Do reduced Bcdl nod plas- 

nrucyte development (Fraker et ak 1977: Lueeke et al. 
1978: Lvedne and Fraker 1979k Zn deficiency in labo¬ 
ratory rodents increases their suseeptibilaiy to infection 
by bacteria. (Sohocinski et al. 1977), ns well as to yeast 
like Candida a I hi cam (Calvin and Katun 1984k Pte- 
tTvabiKml with Zn increases survival following in (ra¬ 
venous. adminiMHition of SuhmmriU* typhiHmrium in 

rats, through effects on host i nsmuiLi ly ami on develop¬ 
ing endoLoxemia ITocco-Bradley and Klugcr 1984). In 
lack lethality in eradoLoxin-treated mice has been 
reduced signifiomdy by pretreatineim wrthZn, through 
effects ihat appear to include stabilization of lysosomal 
membranes and moderation of cellular proteolytic 
reactions (Snyder and Walker 1976). In rhesus mm- 
keys, 2n deficiency induces an intrinsic neutrophil 
detect that specifically affects chemutujus* although 
phagocytosis of opsonized yeast was not affected 

( Vnmnk «t al. 199 Ik 

Zn deficiency has likew ‘m been linked to immune 
dysfunebon in humans, including impaired T-cell miio- 

genie responses and decreased natural killer cell activ¬ 
ity and monocyte cytotoxicity CPdfjrek et al. 1979: 
Alien et al. 1981.; Allen et nk 1983: Duchateai et al. 
1981b). Oral Zn ^upplemeniytiirfi in humans, over TO 
years of age has resulted in increased circulating levels 
of T lymphocytes-, impnjvement in the delayed cuta¬ 
neous hyperseniitivily reaction to Candidin and strep- 
KikJti^-sEreptodeiraafie, and increased IgO Hittibody 
response io lecanus. vaeeLiiatkm (Dnehateau et a I, 
]98lhj. Zn supplemental ion of hunun peripheral bksd 
lymphocytes in vitro stimulates B- lymphocyte mito- 
genk TL-\ptMtsins (Cunmugham-Rundte et ak 1980), 

Human patients who consumed Zn-glueLmaie-CLKnuiin- 
ing 1hro.ii lozenges regularly chroughoul a eold experi¬ 
enced a sagnitWant reduction in duration of symptoms 
from 7,6 to 4.4days and had fewer days w ith coughing, 
hcadnehe. tKnaraene&s. nasal coqgesuoii and drainage, 
or we dnul (htoud et af I9%) a In a study of 
stressed feeder calves., dietary Zn supplemental ims with 
etLher zme ox.ide* or zinc methionine increased feed 
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is now knuwn that Lhis enzyme does not exist, and iliac 
dgcxHiheuaicHc acid is derived by the sequential 
cludri efcinplion of' 2 h>; 5;o>3 to 22;3;o>3 and 24;5;tflO, 
followed by Aft-desatiifBJliorn to 24:6:o>3 and |i oxida¬ 
tion co 22:6;in-3 (Sprecher cl al, 1(95; Figure 38.2)., 
Interesl in ihe potential health benefits of the fll-3 
family has iittroised in recent years, in lui^e pan due 
to epidemiological studies of societies cnnsuin ing large 
amounts of marine fish. This Led to the identification of 
marine fish oils as major sources of tii-3 tally arid*, 
which arc synthesized de novo by phytoplankton aL Ihe 
base of the aquatic food chain and silHequmtly accu¬ 
mulated by the fish sari the peak of that chain (toga* ct 
al. IMI;Mdkmdl 1989; Neuringer et al, 1MB). 

Bkkigkal Charactertetta. The EFAs are absorbed 

along with other dietary lipid* in ihe small iniestinc hy 
a process dependent on biliary and pancreatic secre¬ 
tions. The prcliminiary hydrolysis by pancreatic lipase 
of tun3 fatty acids from dietary triglycerides may not be 
as efficient as for other fats (Neste! 199(3). In addition. 
pahereaLic lipase prefereniialty Splits ihe fully adds in 

the l-C and 3-C posuions of dkmy triglyceride*. 

Because mrwi of the in-3 fatty acids in marine fish oil 
are in Ihe C-2 position of the triglycerides., these would 
be absorbed predominantly as monoglycendes. which 
may influence Lhetr subsequent metabolism. The tU-3 
filly acids are more readily absorbed when specific 
synthetic iriacylglycerols are administered with ekos- 
apcntacnoic acid (20:5;tu-3) or chxosahejtacnotc acid 
(22:6:u>-3) predominantly in Ihe C-2 position and ii 
medium-chain fatty acid, decue nuk: acid, in the C-1 
and C-3 poriiksns {ChriAeuea ei al. 1995), Patty acyl- 

binding proteins in ihe small-intestinal epithelial cells, 
appear to facilitate intracellular transport and distribu¬ 
tion of EFA either to local cellular organelles or to ehy- 


kintiera for transport via the lymphatics to distant sites. 
In humans, chronic ingestion of oils containing high 
cofictrriraiiuns. of to-3 fatty arid* results in ineorpora* 
lion of long-chain t»-3 fatty acids, in a dose-dependent 

manner, in adipose lissuc (Leaf et al, 1995.1 and in 
plasma phospholipids (Afldmoitftil. Ii49fi|< 1 

Metabth.ic Functions. Absorbed ERAs m intcr- 
convcrlcd to ocher £atty acids ol ihe same u> senes. 
Arnchidonic acid (30:4;i>-6) derived from dietary 
linoleic arid {t8:2^HJ-6) and JoLTisahexaenuic arid 

(22:6s^3) derived from dietary a-liuokuic iicid 
(18:3w-3) serve an important role in cell membrane 

structure and arc the principal precursor^ for the bio¬ 
logically active unfi (bienne* or faeries) and «-3 
(irienuic, or 3-series) eiewanoids respectively (Fig- 

38.4). Arnchidonic acid accounts for 5-15% of total 

fatty acids in most tissue phospholipids, while 
docosaheiaenoie acid is present predominantly in the 
ret mu, enthral cartes.* testes, and sperm (Neuringer et 
al. 19881 ). In; the cerebral gray matter, docosa- 
tteAftefluk add campuses up to one-third of Ihe fully 

acids of phosphatidyl edunalainme and phosphatidyl 

serine, 

A deficiency of one scries may lead in a comple¬ 
mentary increase in tissue lewis of another series. 
When completely deprived of 03-6 tally acids* tissue 
levels of all Cfi-6 derivatives are lower ihLin mimuiL 

whereas, levels of ce-9 fatty acids like oleic (18:1 ;«-9J 
and cicosalrieiipoic (20:3 l<qHI) and of to-7' fatly acids 
like palmiloleic (16:1^7) are imeased (McDowell 
1989). L>ocosapenCaenuic add (22:5 :£i*- 6) is normally 
eery low in most tissues but replaces dociMahexaenwc 
acid (22:6;®>3) when there is an ®-3 EFA deficiency. 
Conversely, because ihe enzymes responsible for chain 
etongatkMi and desaturation interact w ith all scries of 
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differ in linear affects- cm the activities of hepatic lipid 
metabolic pathways and circu kiting lipid levels (Ikeda 

el -aJ. lW4) r 


membrane U NCTION. Pulyunsai united acida gener¬ 
ally increase membrane fluidity, campliiince. and psr- 
mobility, bui specific propones may be aitrihiucd to 
different to-3 fany acids owing to particular molecular 

cDfiffemEwfiS (Neuringer et aL 19®8>- For instance, 
substitution of a™Aidofric acid (2ti:4;u-6) or dooosa- 
hesaenoic acid (22:6;w-3) for linoleic acid f! 8:2:oCM5> 

in artificial phosphalidylcholinc membranes- did not 
□ddiiiv-ely increase fluidity as expected but may have 
promoted tighter phospholipid packing and reduced 

deformabilicy. In the retina. where *.KOsahex.;Kivrite 

acid predominates, this may afford a better configura¬ 
tion for inijeraefim with the visual pigment rhodupsm 
(Noirigger et al. 19S8), Studies in w-3 EEA-deficicnt 
rats which huve shown impaired exploratory behavior, 
maze-learning. and brighlnessdiscrimiiiiMiou may indi¬ 
cate some effects on central nervous- function well. 




which iVLuy he atirihuied to changes, in neural mem¬ 
brane function. Reductions in vessel wall-induced 


blood coagulation and platelet aggregation in individu¬ 
als fed higher levels of m-3 EFAs may reflect changes 
in cell membrane reactivity -and membrane-bound 
mediaEOrs tike dirombopla^Lui and platelet-activating 
factor, as well as ajleruCiuns in thronlbonigUlatiufy 
cicasanoid metabolism (Henry et at. I99J). 


EPCO^aNQID META BOU5M Cy elooxy gena?ie and 
lipoxygenase-derived metabolites of the dh3 tatty acids 
have different biologic activities frinli those of metabo¬ 
lite* derived from the uvh family (I.jefer I9g9). BknoLc 

eicosanoids of the 2-serics derived from te-6 EFAe 
have cnuntcneguIjitcHry effects on blood coagulation 
and vasoreariivity, Prosuiglandirfis E. and l : tend (0 

inhibit platelet aggregation and to promote vasodila¬ 
tion, whereas ihromboxiioe A, promotes aggregation 
and viaottnisirictiofi. In contrast.. the (rknoic products, 
prostaglandin E, and thromboxane A v . may both have 
vasodilatory properties (Lefcr 1989). The 5-series of 
leukalrienes and lipuxins derived from eicosapen- 
laenoic acid is less derive iJillti the 4- series produced 
fmm aroehidLifiie acid and competes against the Mi¬ 
series metabolites for receptor sites in target urgaris. 
While Icukotriencs B. and D if and lipoxm A , may 
increase nvicftvmiiliir permeability arid enhance leak- 
ineva,. their 5-icrlca. counterparts have liule such activ¬ 
ity i I -cTcr 19H9). Dietary enrichment w ith ut-3 EFAs 
increases their levels in the tissues and reduces the pro- 
dliCIton of o>& EFA-derived ekosaoftids under inflam¬ 
matory, vasoreaciive, or prweaguliil conditions, 

thereby effecting numerous changes m metabolism as 
described below (Lefcr 1989; Bavcclli 1991). Subse¬ 
quent modulation of the production of cytokines, 
including interleukin-1, interteukim-6.. and tumor 
necrosis facLoroX, may contribute further to clinical 
improvements in inflammatory conditions as diverse as 
rittUmatord arthritis. psoriasis., atopic dermatitis. coli¬ 


tis systemic lupus erythematosus. and endutuxeiiria 
(Blok el al. 199b; Meydue 1996), 


HEMOSTASIS AND CARDIOVASCULAR DISEASE-. Epi- 
tlciniokigical studies of Greenland Eskimos first indi¬ 
cates! a relationship between dietary 03-3 EFA cun- 
sumption and reduced risk for cardiovascular disease 
(Fisher et aJ. 1986; Herald and KittficUa 198b). Com¬ 
pared to Lhose living in Denmark and consuming a diet 
lower in o>-3 EFAs., these Eskimos had lower blood 
triglyceride, cbulcsterol, LDL. and VLDL levels; 
higher HDL levels; decreased ability of platelets to 
aggregate: and a much lower incidence of cardiac dis¬ 
ease, Other studies, have shown that Europeans con¬ 
suming as little a* 30 g of marine fish daily hud u 30^ 
lower rale of mortality due to coronary artery disease 
Lhan non-fish-consuming; cohorts.. Experimental Studies 
in nits, rabbits-, pigs, dogs, and tofttl have demur!- 
stnited effects I>f supplementary u>-3 FIE As, including 
changes in tissue lipid composition. lipid metabolism^ 
plat-elci pgpegability, monocyte-derived procoagulant 
activity,, and platelet survival, all of which may reduce 
the occurrence of arterial IteioJiS (Hcrold and Kinsclla 


lySfr: Lex ine el aL 1989). Dietary fi^h oil suppleineu- 
tation Littenuatea the myocardial dyshmetion caused by 
ischemia-reperfusiorii injury in th« rat (Ymg ct al. 

1993) find reduces line vulnerability of normal or 
ischemic myocardium to induced arrhythmias in non- 
hunian primales (MicE.ennan ct al. Studies in 

humans- have, in addition, demonsirated a signilkant 


blood pressure-low ering effect of dietary n*-3 EFA sup- 

plempcniatimi in both middle-aged find elderly hyper¬ 
tensive patients i Radack et al 11991; Margolin et al. 
1991), without adverse effects on glucose metabolism 
(Met al. I99S1. Effects have been observed with as 


little as 2 g tu-3 EFA per day. 


CHRONIC RENAL DISEASE, Sludics of Ihe effects of 
dietary modifieajiion cm the progression of ehronie 
renal disease have turned to the particular role of 
dietary lipids on renal (unci.ion (Bartclli 1991). Early 
studies indicated that rats fed a diet high in linoleic acid 
espcnenced lesser degrees of antemU and proteinuria 
following partial renal ablation than chose fed a low- 
linoleic acid dice (Heifeis ec al. 1987). Feeding a high- 
LLnoletc acid dieL resulted in increased renal cortical 
and medullary Linoleic and anH.1iidi.tnic acid content 
and apparently reduced che degree of systemic hyper- 
Lciksiun, che Miss of glomerular peimselectivity, and the 

development of gloraserular lesions-. Conversely, dietary 
supplemenlalion of partially nephrectomized raLs wiLh 
cu-3 EFA-rkh iTK-'iihiuckf^ fish nil produced more rapid 
progression of remnant renal dysfunction, ehtuacter- 
ized by Lower glomerular tilt rat inn rates, higher degrees 
of proteinuria, and accelerated death rates due to renal 
Guliire! (Sch&rsdimidl et al. 1987). In contrast, studies 
Cif renal dysfunction m a uninephrecLumized. cibese 
ZudkCf rail model found (hat dietary C^3 supplementa- 
lion reduced the degrees of hypcrchulesterolemia. pro¬ 
teinuria. and focal glomerolnsclerosis (Kariske cl al. 
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IMMUNE function. Taurine represents ow 60% of 
ihe free amino add pool of human lymphocytes in vivo 
and in culture (Wright et al. 1986). Human lympho¬ 
cytes grown in iawti»defideni media eoniinue to mul¬ 
tiply, but wiih decreased cell viability, which is 
reversible following res-upplcnientaiiniii with taurine. 

Taurine's role as mi!! antioxidant may help regulate 
pfcjigoeytie cell oxidative pathway*, and both lympho¬ 
cyte and neutrophil function arc impaired in taurine- 

dellvicnt uilrnib (Pion and Kkuleson I49tiji. Becau^ 

oligntaurinemin in human irauma patients persists, 
lunger than other hypoaminoacidemias and is not fully 
corrected even after 7 days of supplemental ion. at is 

possible that taurine tkplaion plays a critical role in 
immune upwiofl folkwing injury (Fuuw and 
Davis 1994 k 


RETINAL JUNCTION. Taurine occurs in exceptionally 
high concentrations in the photoreceptor cells of the 
outer nuclear layer of the retina (Wright et ul. I986 l 
P iofi and Kitllcson 1990k The retinas of some animals 
cun synthesize significant quantities oi taurine in situ. 

but meat is- aceuimjlilod by u ^Hjiuin-dependenn. 
encrgy-consumi ng, high -affinity transport system 
located in the retinal pigmented epithelium (W right eL 
al. 1986). Taurine thus accumulated is transferred to the 
neural layer by a passive process that is facilitated by 
liiurine^spedfic binding proteins located in the inner 
retina. Taurine may < 1} act i* an inhibitory nwretrans¬ 
mitter, (2) regulate: ownUk pressure in tin? rods. (3) 

regulate retinal ionic calcium concentrations, and (4) 
control phosphnrylation-dependeni functions of the 
neural retina. Taunne has also been shown Co affect 
reLinal phagocytic I unction and lo scavenge tree radi¬ 
cals, ilfctrehy playing an impoftant rok as an imikixi- 
dant to prevent lipid peroxidation in (hi* lighi-sensiiive 
region < Wright et al 1986). 


fat taurine to restore plasma levels to normal. Dietary 
taurine supplementation (SENMitiOO mg/day) of cats 
with mode:rtite-k^s«v-ere dilatativc cardiLimynpailiy has 

resulted in marked iropiwetitent* in clinical response 
to siandard pharmaceumeal treatment, as well as signif¬ 
icant increases in survival rate (Fkin et al. 1992). 


Because myocardial Liuruic con tern is directly related 
lo plasma Laurinc concentnillatH. a direct link between 
laurinc deficiency and myocardial failure is proposed* 
bubscquenl studies have shown ihm compared lo mar* 
nial caK laurine-delicknt cals with cardiomyopathy 
also have 20% lower pliesma tocopherol levels, 40% 
higher retinol concentrations, 36% lower dwtasterok 
and 130(1% higher triglyceride eorwromiEkHls (Fox ci ah 
1993), Thw> nutrients other than taurine may affect the 
espre^ion of diluted eardiinmyopaLhy. The mecha¬ 
nism* whereby taurine afcTcets cardiac function remain 
unclear. Taurine is present in high concentrations in 
mammalian myocardium (HMK2Q0 Lime 1 * Lhat found in 
plasma), which are additionally maintained by active 
transport processes. Zw'icterioiiic tUfiR may retard 
cardioeytic potassium (K) efflux associated with body 

K tkpktkm catetho>laiiiifi^-iRdw «4 arrhythmias, or 

digojtin mricity. Taurine addition to rat cardiac tissue 
slices in vitro, and Laurinc administered to rats and dogs 
in vivo, has been shown to restore cardiac K content 
and to reverse drug-induced arrhythmias. Dietary K 
depletion was hypothesized to adversely affeci lauriite 
efflux across the cell mmihmm of lo affect its metab¬ 


olism (Dow ec al . 1992k Th his, there appears to be a 
reciprocal relationship between cellular K and Laurinc 
content, which may explain the induction of taurine 
deficiency secondary lo K depletion and the concur¬ 
rence of epidemiological findings meats with taurine- 

responsive congestive cajiJiomyivjmlhy and those with 

kaliopenic nephn^pathy-polymyopilhy syndrome 

(Dow el al. IW7 1992). 


HKAIN KLNLTIoru taunne k actively accumulated hy 
hniiu cells and appears to play important rdes in CNS 
development and a* a neuromodulaiory agent (Pion and 
Kittlcson IM0). Taurine-dericicnt kittens display 
numerous neurological abnormalities. including cere¬ 
bellar dysfunction which has been linked lo abnormal 
division and migration of cells into rite external granu¬ 
lar cell layer. Likewise, ncuruhlasls in the vermicular 
and pial zones undergo iiteompiete differentiation and 
migration into the molceular layer tWright cc al. I9tt6i 
Ai a ptKiriy diffusible, Ewilteri unite molecule, its pres¬ 
ume in high contermutions m the CNS may assist in 
osmotic regulation, ionic balance, and membranedepo- 
Karizalion (Pion and Kitllcson 1990). Taurine has ami- 
convulsanl properties and has been shown to protect 
the brain against osmotic stress during hypernatremia 

iufcd diabetic hypcrglyamia (Piun and Kinleson 1990). 

MYOCARDIAL FUNCTION. Pfoil Cf flk (1987) reported 
that low plasma taurine cnncenlrations in eats are asso¬ 
ciated w-ith echtxardiographie evidence of myocardial 
failure Ihm h reversibk following oral supplemental ion 


Signs orik’ficicncv. The effects of naturally occurring 
taurine deficiency have almost exclusively been noted 
in domestic cals. although some studies in humans 
have documented taurine depletion in preterm infams 
(who have lira. 1 cysteine silfime acid dec^rboxylue 

activity I fed low-taumne milk replacement formulas 
(Rassin et al. 1913; Watkins ct a]. 19K3). in patients 
with chronic renal ikilure I.Bergstrom et al. 1989), and 
in critically injured patients inadequately maintained 

by total parenteral nutrition (Pfeauw iitid Davis 1990). 
The earliest reports of Hk effects of dietary iauriiie 

deficiency in lists reljLcd spedlkaUy Eli iJm occurmncc 
of the syndmme of ‘feline central retinal dcgGncration’' 
(llaynss ct al, 1975), I TcgcncraJEbt changes begi n uk smal I 
fod in dte area tentralis. fotlowed by bond-shaped hori- 

/nncal lesion* which progressively enlarge to involve the 
entire reLina and arc characterized hi sLo logic ally hv 
vftfikulatkrn and disintegnUnmof lhephoic»reccpU«r cells 
and degeneratkin C»f the underlying tupeluni (Iviorris et 

at. 1990; da Costa and Hoskins 1990k 
Taurine deficiency lias important ofTects on repro¬ 
duction, including -abortion, reduced live birth*. 
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GLUTAMINE 

l 'hr mil.■;!I Si i'cii'4 u it and! ProperUtt. Gluijiiiiuc \.n 
■nunoghMuniic acid) is the amide derivative of glutamic 
acid. existing a_s a coJorless needle-shaped crystal in pure 
form. It is Inmiubk in moit iknlulB, hav thmied solubil¬ 
ity in water (-d gflQO mL at 2JC5 = ‘ Q, and is tinsLahle dur¬ 
ing heal ticnEiztfUnn and storage (TVernel l‘L al. | L »4), 
Synthetic dipcptkks oF glutamine, made with alanine 
(alany l-glutami ne) and glycine ffilycy t-gl utaminc 
exhibit greater water solubility and chemical stability and 
have rccehtd attention as supplements lor puivnleral 
nkxku (Ttamd n al. 1994; PfitermnfitiL 1994), 

Source and C keurrenee a Glutamine is synthesized 
Kruin glutamic acid by all animals predominantly in Ibt* 
skeletal muscle. lungs, and udip-cn^e tissue, and is found 
in highest concentrations in these limw, as we]] as 
liver, kidney, small intestine, and lymphocytes. 
(Curtboyi and Watford I993|„ Glutamine Cdap ia s 
bur than Hl% of free a ■ ami no acids in the body and 

has traditionally been considered a KM WMlii l amino 
acid because is is readily derived from glutamic acid in 
ll£ahhy ailiniuK r Glularilie acid Is derived Jnnii 4i3i| i3Mi- 

nium (NH/J and ct-keloglutarie acid, a trkvbcnylK 
acid (TCA) cycle intermediate, in a. iwtkm catalyzed 
hy gjutumic add dehycirngeiuLsc. An additional ammo¬ 
nium ion is incorporated into glutamic acid hy the 
action of glutamine synthetase, to form glutamine in an 
amidrioct reaction driven by ATP hydrolysis. Gluta¬ 
mine is present in coocentnfiou of H^-O.h mM in 
plasma and up to li) mM in the iniraceLLular water of 
tissues like skeletal muscle. ‘[Tie plasma glulamine pool 
turns over very rapidly, and although some did ary glu¬ 
tamine is absorbed intact from the Gt ltih. 1, the abdom¬ 
inal viscera usually exhibit net uprake. so Ihat the 
majority of circuiting glutamine is derived from de 
dovo synthesis in cdntpuchik rtwiH, 

Kiulugii'sil ('hjLrsLL'lfc'rihliL>. Gluiaminu tyflibttw is 
found in most tissues, bul as a result of its Large mass, 
skeletal muscle is the major site of glutamine produc¬ 
tion in the body. The lung-* arc the next most iitt|hifLufei 

site of gluiamiiK production, and more recent studies 
indicate that adipose tissue fa capable of significant 
rases of glutamine synthe^i s as we 11 i Curth^v I and Wsit- 
ford 19951. Glutamine has many unique metabolic 
functions in the body, which are met in healthy animals 
by it* de maw endogenous synthesis*. In critically ill. 
liypetCfilbolk BUteS," giuEumine is released from 

muscle and |«f him, imraccDuhr ghttamlne levels 

decrease markedly, and plasma glutamine conccntra- 
ciuiiVi increase. However, glutamine turnover increase?, 
significantly as Well, due to increased uptake for 
VMtlbQllflD by liver, intestines, and kidneys. Elevated 
rales of glutamine synthesis may noi he sufficient to 
fflHt ihc hcidy's disease requiremenls. and tt gluta¬ 
mine is now considered a “'conditionally eueftfuT 
amino odd in disorders as diverse as metabolic acido¬ 
sis, Aarvutni, cancer, sepsis, trauma, and diarrhea. 


Metabolic Functions 

GASTROINTESTINAL FUNCTION, The fil tnd fa the 
principal organ of glutamine utilization, accounting for 
extraction of up to 25% n-f circulating glulamine 
(Soubt 1991). Although the small-intestinal epkhetU 
cells require large amounts for synrtbelie pupQKt le g., 
purines and pyrimidines far nucleic acid synthesis R* 
owing to their high rate of turnover, the majority of 
extracted glutamine serves os the principal xespiroiory 
fuel in Lhesc cells (C.'urthoys and Watford 1995), 
Glutamine undergoes oxidative deamidation to 
glti Inmate, mid glulamiUe undergoes oxidative 
deamination to ra* kernel utaraie for entry into iIk 

TCA cycle. Alternatively, glutuule undergoes 

iransamination wiih pyruvare to produce tfflnilDe ;isid cx- 
kcloglularate, or with ox.aloaeeta.tc 1o produce o-spurtate 
and U-kctogluLaratc. Much of the glutamine undergoes 
only partial oxidation Co 5-carbon intermediates, 
including pyruvale, lactate, and slIjiii iifev - TH*esc are 
utilized hy other tissues, and the ammonia released 
during glutamine's catabolism contributes to urea 
synthesis in ito liver, 

During starvation. intestinal dinse, m well as syi- 
Leinic diseases associated with hypereutiiholism. inles- 
tintd glulamimiNe activity irn;rv-a>es significantly* and 
glulamine otnctifln may qhr iJiau double; Glum- 
enunierreguluLoPr "stress 11 hormones, including gluco- 
conienids ami glucagon, have been detHHUtatcd u> 

LnureoTvC the specific aciiviiy of gluiaminase in like 
smalL-intestinal mucosa while simultaneously dimin¬ 
ishing gluawie uptake and oxidalion (Souha 1991; 
Cotamb G a I 1997 SupplernenCulion 01 punbenl 
feeding formulas with glulamirie or glutamyl di pep¬ 
tides (25-30% of j uni no add nitrogen) bu repeatedly 

been shown to spare vilkiys morphology and amelio¬ 
rate intesJtivuJ mucosal atrophy nHCUtod w-ich Lkpn« 
valion nf cnlcral nutntinn (Schroder el #], |99S^ W|m 
el at. 1995; Bunin el ulL 19941. Parenteral nucrition- 
a^socialed increases in inLes^linaJ permeability, which 
may resuli in gut baL-renal tnmlocttkH ;u*d HpBlt, are 
also prevented by supplemental ion of parenteral for¬ 
mulas with glutamine [2-4% w/wj tGiaiuntti d al. J99^; 
Li eC al. 1994; Buber ec at. 1990) A high-L-idipfiir lwli .1 
rehydraciovi solution supplemented with glutamine pB 
buudUL) was recently shown more effective in correct¬ 
ing plasma and extracelluJar fluid volumes in neonatal 
calves with etiierniuixsgeiiiL- Eschtridtia coli diarrhe-ii 
than similar glutamine-free solutions (Hn^nks ei ll. 

mil 

UVEK n jNCTlONr The liver principally uses g hum iiw 
for gluconeogenesis and nreagenesis, Ammoniii 
released by hepatic deamtdaLion of glutamine is pnefer- 
enlially routed to urea synthesis, while the carbon 
skcLcion (oL-kemglgiaraie) serves us u pnomr io 
oxaloacctate. the key metohoLic intermedime in new 
glucose fyndnit <Fig. 38,5) PoBowlng tktmnkikpix 
glutamine also aervu as a precursor for ihe \ynihesis «f 
otifcichine. che »k-limiting substrate in the urea cycle. 
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cautnii should be exercised in individuals- for which 

dietary protein restriction may he iodwailed-, including 
certain fends tif remil failunr. hqpajljc dysfujicl ion, or 

btlxvlMl di wdMi 
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ANTISEPTICS AND DISINFECTANTS 
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A fttEwpSic-*! rtiicl nidnfetiinh 

Alcohol 

Hatogera 

rhlorticxidine 

Alddi?drc 

Hydrcges Pt^vldf 

Phenols 

Gskb 

Fadon AfTrctin^ linkrac) of Antnrpto 

ttmirntralion 

Temperature 

(jriitumlnutlon 
Orpinhiini Type 

Mlcrobtel788 

Kesislancr to IlisiiirtilJin ts kind 4nlkp(b 
Anlkplic Usage in Vcttrinan- Medicine 

Skin flf—rirn 

Treatment or Open Wounds 
line Anlivt-psis 

liisiiireiiihriE l in Veterinary Medici™ 
'Ck-ncral Princtfries 

SptTiai CunskliTutkins in Specific Apidinilioin^ 


Lcmg before the ability to view mi c rourgan ismt with, a 
mkrofi&Qpc and three cen tunes behire Kueh and Piis- 
tcur, Fracastoro pewlulated that germs caused infectjcwis. 
In the IK40s- Ignuj: 5k™™:]we:is f a Hungim-iio ct&Ktfl- 
dan, dert* HiMiTiled the henefteial effects of hand wash¬ 
ing between patients as well as the antisepLlc effect of 
chlorine in Che form of chlorinated lime. FoUowillg Pas¬ 
teur $ identification of infeeme agents as the cause of 
disease, Joseph Lister suggested tire use of anttisgpiics in 
the Held of surgery, His tread mem of the hiunds with 1:20 
earhohe lotion and his initiation of methods for ehemi- 
cal sterilization of handapes. dressings, and surgical 
instruments and for antiMT 1 ^ «f wngmls began aseptic 

surgery. Although origjnlly UMgeted toward the sur¬ 
geon. general cleanliness and the use of antiseptic* and 
disinfectants have spread to all Melds of Lhe medioi* 

dental, and veterinary profession*, 

Ckanscr*. antiseptic*, tuik3 disinfectants arc differen¬ 
tiated by their intended use and characteristic proper¬ 
ties and not by their chemical content. A cleanser aids 

in phy sical removal of foreign material and i* nut a ger¬ 
micide. An antiseptic is a germicide applied to living 
tissue, and a disinfectant is a germicide applied to inan¬ 
imate objects-- Because certain antiseptic* may be inac¬ 
tivated on inanimate surfaces and heemsc certain 
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dUoftCQdtl VC hazard's to living tissue- Lhe two 
should nol he u*cd interchangeably. Fvcn product* 

wjih ihe identical active chemkal moiety may he Fw- 

rnulaled in such a way Lo prevent their interchangeable 

dr Ftoducte hi he used « inanimate surfaces objects 

or instruments me regulated by the F.iivironmentaL Pro¬ 
tection Agency fFPA), whereas chemicals in antisep¬ 
tics For use cm the human body must be registered with 
the I-hjckI and Drug Administration (FDA), 

t’LFANSF.RS.. flgunstr's ^BurfactADfr, deterge in si 
remove dirt and contaminating organisms by solubi¬ 
lization and physical means. Cleaning an area lo 
remove jrou cuoi-iuniuaiton prior to dUttetim ttf 

utitepita treatment nuhnlua iheir efficacy. 

Cleansers can he classified into three iype* based cm. 
the position of i be hydrophobic portion of the mole¬ 
cule: -anionic, cationic, and nonionic. 

Soap* arc anionic surtaclanls of the general structure 
K-CUO Na\ DivMviiJlion in water to R-CUO liberates- 
a molecule with both a hydrophilic and u hydrophobic 
portion that cun emulsify and solubilize hydrophobic 
dirt. far. and protoplasmic mcmbfuncs.. Ohc solubi- 

Iteed, thlt CHlAniutkM cun rinsed sway with water. 
Tin: ability to sditilltt HK > mhnxiK p s renders mps anti- 
bacterial againsi pram-posh ivc and acid-Fasi hacieria. 
Hie aonuc nature of soaps, however, causes them to he 
burtlYited in the presence of certain potUhe ions such 
as free Ca" in hanJ water and in llte presence of cal ionic 
detergents, The mixture * if snap* juid tnjaitnurfy jubimn- 
nium compounds (QAQ) form ;l precipitate ihat tor- 

irunates the aelivity ii( birth eompdinUs. tneluskin nf 

antiseptic compounds in s*up pvepiuations has given 
them u wider antibacterial spectrum. 

The QACa are eumplec of cationic urlktuti wilti 

g^rinie idisl aelivily, TImjsl? cutnpi Hinds have been 

widely used as disinlectants, ('anemic surfactants com¬ 
bine readily with proteins, far.v, and pho-sphates and are 
thus of limited value in ihe presence of scrum, bluud. 
and other i issue debris i Huber IfJHS), In addition, use 
with materials su^h as gauze pads and cotton halls 
makes [hem less microbicidal owing Ur adsorption of 
the active ingredients. For Ihesc reasons, and because 
several outbreak* of infections have been associated 

wills gse is»I” cuiil-iim milled miIuIilmIs, like Centers tiir 

Disease Cental <CDCi mi longer recommend cationic 

surfacuuii s for antisepsis, 

Second- and third-generation QACl are less affected 
by hard water and oilier anions. These quaternaries arc 
fungicidal* bacKficidl). and virucidal again*! lipophilic 
viruses but are Mf xpurie idal, cubcreuloeklal, or active 
against hydrophilic viruses. Beniidkonium chloride, 
the first commercially available quaternary 1 compound. 

has been shown in cause chemical hums when utd 
undiluted (Bilhrey et al. 1989)- 

ANTISEPTICS AND DISINFECTANTS- An anti¬ 
septic is a chemical agent that reduces the microbial 


peculation on skin and other liv mg tissues, Because, in 
mood cj.v c%, iLs lYkceluini.Mii of action IowIvh imnspc'- 

dfic disruption of cellular membranes -or enzym, 

caul ion must be taken mu lo harm host Lissue. An ideal 

antiseptic would have a broad spectnin of activity, low 

toxicity vIikI h igh penuimbiLity p Wf iu Id maimain set i v i i y 
in the presence of pus and neemtie tissue-, and would 
cause lillle skin irriiatisivsn or imerference wilh [he nor¬ 
mal hiding process. 

'ITie use (if antiseptics has been suggested in silini- 

tHW that require maximal reduction of bacterial 
tamkution (Lum 1987X such as w hen defriue meeb- 

amsms are com promised affer surgery, during 
cathcterizalion or insertion of other invasive implancs, 
in i mmn rKicompn^mi sed ^Liile* due ti> immune 

defects, cjtoknk drug therapy, extreme old or young 

age, or extensive skin damage ^bum^ atid wounds}, 
DisinfccEBLin is ihc climinaiion of many or all patho¬ 
genic organisms, excluding spore Foams, from an inan¬ 
imate object The ireiilmenL of objects that are Loo large 
Id *uuk in disinfectant, such as c-uhinets. exam tables, 
chairs, lights, -and cages, is ctmsklered surface disinfec- 
liun. Lmmersiun disinfection, M3meLime\ wrongly 
referred to as cold sterilization, m Ihc immersion of 

niaBer objects in dSssnfectint for udlickfit time to kill 
ilw EAAjoftty of coBtamirating ocgiuiuB. True chemi¬ 
cal Fferilixatum w cwi l l ito the use of an EPA-regis¬ 
tered agent capable of killing all mFeiiive organisms, 

iodudiiig fimgal and bicterial ipocei, usully wifUa 10 
Ikhitn. Cbeaucal Hteritintioo should inn replace hear 

pressure sterih/jiiimi. 

The ideal clmacierislics of a disinFeetanl include a 

broad spj!L"irum, FllsI acikm, JictiviLy in Ihe prcMzni i 9 nf 

organic material (including blood, sputum, and feces), 
compatibility with detergents, low loxicity. iind resid¬ 
ual surface activity. Disjafectefite atnuld not corrode 
Jrotnuneotfl lm rnctoUk surfaces of disiniepruie tuhtier, 

plastic, ltt other materials, and Ihey should be odorless 
and economical (Motiiuri et al. 1482). 

MicrtKifgiiiiisin* c^iii be ranked from tout to nml 

resistant lo dJitinfectent killing as folkwit vegetalive 
bacteria, medium-si VjC lipid-cuuicd viruses-, fungi, 
small nonlipid enveloped viruses, Mjcotwlcr ru>■ n 
/ liivnubuir, and buclcria.1 cndi^pores. Using ihese dif- 
Ferenl [CUUdCtt, dis-infection can he further divided 

into three levels, l.nw-k-vel di sin feci ion lei IK most hac- 
teria, some viruses, and some Fungi, but not Lubcrcle 
bacilli or bacterial spores, lutcrmediatc-levcl disinfec¬ 
tion inaclivates M. fidwreuforir, mmsC viruses and 
Fungife hit not dtoaurijy bactenal spores. High-level 

disinfeeciuti destioyt Iinerixrfgaisisms execpi hij.h 

numbe/h of bacterial spores. 

A ttCUd du&ficttrift system div ides, inslruments 
-iuid piilienC-cure ilents iuin tlHK CUC^goriu hus^l n 
risk of infeciiL*rti involved in liieir use (Spaulding l^fiKh 
In this system, item-^ are Classified U(l) crilical—those 
dial enter or penelrute skin or mucous ntemhnuies (e.g.™ 
needles, scalpels); (2ji semkrltictl—tiUR tbit much 
iiiiju-'E mueoui flxntofines le.g., anesthesia cquipmcnl, 
oducopu); and (3) noncridca]—those chat do nnj 
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touch mucous membranes but may COfittCt intact skin 

(t.g. K cages,, tables, food bowls), hi general* hems day 

sificd ha critical shmild be steriliml sernicrirdcal hems 
require high-level diainfaeiioA. and noncriiit&l Items- 
require kiw- to intennediuledevel disinfection. 

The ftil lowing is ;l discussion of local ami-inficcii ve 
agents categorized! by the active chemical! entity. Where 
appropriate, cepsiefcrationH ami recommendations lor 
their use as. cleansers. disinfectants, or antiseptics are 
IKPtHd. 


Alcohol. Although many alcohols are germicidal, the 
two rncrat commonly used arc ethyl and isopropyl alco¬ 


hol, These compound^ « bmh lipid solvents and pro¬ 
tein denatvranK They kill organisms hy spluhilining 
Ibe lipid edl membrane and by denaturing. membrane 
cellular proteins. Alcohols arc most effective when 
diluted with water Lo a final concentration of TIP.'*- ethyl 
or 50% isopropyl alfidHl by weight. It is thought that 
al greater concentrations. initial dehydration of cellular 
proteins makes them resistant Lo the denaturing effect 
(MolLnan and Runnel 1991). The alcohols have excel¬ 


lent antibacterial activity against most vegetative grain- 
positive, gram-negative. $n4 tubercle ifrarillu*. vzgm- 
isms hut dn not inactivate bacterial. spores. They arc 
active against many lungi. and viruses, principally 
emduped viruses due lo aJtiuhoTs lipid stdubilining 

action. They are active against cylotimgMovims and 
herpes simplex and human immunodeficiaicy vinius, 
Both isopropyl and ethyl alcohols arc commomly 
used, effective antiseptics. with only subtle differences 

in Iheir action. Because thei r djediveness is drastically 
reduced by organic mailer vuch as excreta,. mucus, and 
Mood, they are mast effective on ‘"clean " skin. Of all 
agents, they pfSdiKe Ibe most rapid and hugest reduc¬ 
tion in bacterial counts (Lowhury el al, 1974), with 
contact times of 1-3 minules resulting in diminution of 
almost 80*3- of organisms. Rapid evaporation limits 
contact time; however, residual decrease* in bacterial 


counts are seen to occur after the alcohol has cvgpo- 
ralcd from the skin. Although alcohols are among ibc 
sales! antiseptics, toxic reactions have been reported in 
children. Alcohol is very drying to lhe skin and can 
cause local imLalion. In dibits Lo minimize this drying 
effect, emollients tudl as glycerine have been added 

with good Radis (Lmon cc ul. 1986), 

The alcohol* are not Rcommeridfed for high-level 
disinfection or chemical stehlimlioi due lo Iheir inac¬ 


tivity against huL'Ieriiil spires and reduced efficacy in 

lhe presence of pmvein or oilier biwbunfcii. blood pro¬ 
teins are denatured hy alcohol and will adhere el> instru¬ 
ment* being disinfected, Fatal CloMtridium spp. infcc- 

riihsLs have occurred dial were lhe result 

of contaminated surgical instruments LhaL had been cliis- 
iiifectcd with alcohol containing bacterial spores (Nyc 

and Mallory 1923 ), After repented and prolonged use, 
alcohol* can damage the shellac mounting of lensed 

instruments, can swell or harden rubber and certain 
plastic tubing (Rutala 1990), and can be catnrosive to 
metal surfaces. Alcohols are ftammabte; thus caution 


nust he liken in their storage and when u^d prior to 
dectrocautery or laser surgery; In deciding between 
Mhyt and isopropyl alcohol, it is important to consider 

Mipriipyl\ inactivity against hydm|ihihe viruses. Ms 

“tt conrosive nature, and the abuse potential for ethyl 


Halogens, Elemental Iodine has activity against gram- 
positive and gram-negative bacteria, bacterial spores, 
fungi, and most viruses, li exerts these lethal effects by 
diiTuMUg into the cdl and imerferiiig w ith metabolic 
.reactions and by disrupting protean und nucleic acid 
structure and synthesis, lodme has a characteristic odor 
and is nrrwivv to metals. It is insoluble in water and 


thus is prepared in alcohol (tincture) or with solubiliz¬ 
ing surfaL'tams. f’tamed 1 ' iodines), Tliveiujc l>F iodine, 
used as early as 109, in the Trench Civil War. ic most 
effectively formulated us a 1-2% iodine solution in 
79% ethyl alcohol, In ihns form, most (-90%) bacteria 
are kil ted within 3 minutes, of application, 11 k' antibac¬ 
terial activity of this combination is greater than that of 
the alcohol ah.me. Tincture of iodine, however, is Lrri- 


tuLing and allergenic, corrodes metals and stains skin 
and clothing. It k also painful when applied to open 
wounds and is harmful to host tissue; there lore, it can 
delay healing and thereby increase the chance of infec¬ 
tion. For these reasons, this preparation has fallen out 
of favor m antmpttt or disinfectant, Strang cine- 

cures of incline have been used its hlistofug agents in 
the equi m iiitlpscry 

Rffents to reduce the undesirabte aspect* of tinctures 

while retaining lhe ^w-erful killing aetion of iodine 
have led to the introductum of turned iodinH known av 


iddopborSL In lihis prepuralion, iodine is solubilized by 
suifncCanCs. which allow it to remain in a dissociable 


form, Applicaiion of this product; allows for stow con¬ 
tinual relca.se of free iodine to exert its germicidal 
effects. The iodophors have a similar spectrum of activ¬ 
ity to aqueous solution; are less irritating, allergenic^ 
QHmiw, and Gaining, and have prolonged activity 
after applicatinu (4-6 hpuvs). Common S4iluhilizing. 
earners include polyvinylpyrrotictoine (called PVP- 
iudine or povidonc-icdinc |PJ]) as welt as other non- 
ionic surfsKtantS, making iftdophtirs excellent cleans¬ 
ing agents as well as anLi septks and disinfectants. 


lodophur solution! retain tlieir activity in the presence 
of organic mutter at pH < 4 (Huber L98ft}_ The water- 

soluble tamers have been pullulated to intend with 

epithelial surfaces to increase ciss4R" permeability, 
thereby enhancing iodine’s killing efficacy, 


Free iodine released by the iuduphor complex h 

apparently responsible for its germicidal activity. 
Proper dilulion lo 1% iixline is necessary for masimuin 
killing effect and minimal toxici/ty. More-eoicenlnled 

sobucinm are actually lcss efficacious, prCMiiniddy dug 
to s-lronger cumplexulum preventing free iodine 
release, It lakes approximately 2 minutes of contact 

time ftM" ictease of free iodine (Uvelk « al. 1975). Lit¬ 
erature reports indicate that todophore are quickly bac* 
tericidal. virucidal, and mycohuclericidal hut may 
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require pmlongcd cojiuuji times m kilt certain fungi 
and bacterial spores, lodophora formulaled ax antisep¬ 
tics are not suitable as hard-surf ace disinfectants,, dye 
to insti ItkienL concenLratiimx of inline. 

Consideration must bo taken of iodine's ability to he 
syiiemicaUy absarbed through the skin and especially 
mucous membranes. The extent of absorption is reLatcd 
to Elbe concentration used, frequency of application, and 
*4atus of renal function (the pnmcipiiJ excretory route) 
(Swdm and Lee 1987). Complications of systemic 
iodophnw ahsL?r|Mion incluLk incresAed serum enzyme 
levels, renal failure, metabolic aeido&ix iFrctseh and 
Meakins 1976), and increased scrum free ioditde. If 
renal function is ncamal, scrum iodine concenlralieins 
quickly return to normal. Clinical hyperthyroidism and 
Ihynud hyperplasia have been reported al ter ireaimcnt 
with PI (Scheider cl nl. 1976; Altemeaer 1976). Chap. 
53 shuu Id be cuilsulled for further details, 

Odorine-containing solutions were first inlruduced 
by Dakin in the early 1900* in the chemical form of 
sodium hypochlorite. They are effective antibacterial, 
fungicidal, virucidal, and pn.Uo/uuciULiL agents. The 
chemical liums must commonly used today include ihe 
1iypH-H.-Uli.iri I sodium and calcium) and organic chlo¬ 
rides (ehlofamine-T). In either form, the germicidal 

activity is due to release of free chlorine and formation 
- 

of hypoehlofous acid [HOT!) from water. The mecha¬ 
nisms of action of these compounds include inhibition 
of cellular enzymatic reactions, prorein denaluratkm, 
,md inactivation of nucleic acids (Dychdalu 1983?. Dis¬ 
sociation of HOCl to the less micmbiciclaJ hypochlorite 
ion <OC1 ) Jncrevises as pH inc reaves, and thus ihe solu¬ 
tion may be rendered ineffective above pH 3.0 (Weber 
195(1)- Mixing bfaOCI with acid liberate^ toxic chlorine 
gas, and NaOCI decomposes when exposed to light. 

Low concentrations of free chlorine are active 
against M. htkrfruwsts (50 ppm) and vegetative bacte¬ 
ria «l ppm i within second*. Concentrations of I Oft 
ppm destroy fungi in less than 1 hour, and many viruses 
are inactivated in 10 minutes ai 2(X) ppm. Household 
bleach is 5.25% (52,500 ppm); thus dilutions of 
11100^1:250 should result in effective germicidal eon- 
eeniratiwis although more-concentraited solutions are 

often recnmniended (1:3 0-1:100). 

The use of the hypochlorites as disinfectants is lim¬ 
ited by several characteristics. Chlorine solutions are 
conusiivc to metals and destroy many fabrics. Because 
chlorine soliuliDfLS are unstable to light, they must be 
prepared fresh daily. Hypochlorites are inactivated by 
the presence of blood more so than are the organic 
chlorides (Bloomfield and Miller 1989). They have a 
strong odor and are not suitable for enclosed spaces. 
Despite these shurtcothiiigsL chlorine solution* are 

ciuimionly used m low-level dislnfecianh to smirtLxe 

dairy equipment, animal housing quarters, hospital 
floors, and other noncrilical items. Of 12 disinfectant 
solution* evaluated fur iheir ability to kill (he dermato¬ 
phyte Microspomm cams,, those CQfltUOh| hypo- 
cUodle were most effective. Al» found effective were 
benzalkoflium chloride- and glutaraldehyde-haved 


produetsl phenolic*; and antonic detergents were con¬ 
sidered inadequate (Rycroft and Me Lay 1991). flic 
hypochlorites are not rerommenttaf for use as jhM imp¬ 
lies because they are very irritating to skin and miter 
tissues and they delay heating. 

Several compounds from a class called N-luilamines 

(oxwlidliNm and imidazulklin«eA) have been 

developed that are water-soluble solids and have been 
shown Id be bactericidal,, fungicidal, virucidal, and pn> 
tozoucidal in water disinfection at low total halogen 
CLntei'iutaiions (I 10 mg/L). They are noracorrovive 
and lasieless and odorless in water. They arc cmentely 
stable in water even in the presence of organic kinds 
Their potential use in poultry processing to control Sal- 
mtmrlla organisms has been evaluated (Smith el a I 
1990). 

Ghlorberidme. Chlorhexidme is a synthetic 

cation ie compound (1-1 '-hex umethry Icncbi s| 5-\.p- 
chlomphenyDbigwanicIcl) with better activity against 
gram-positive organisms than against gram-negative 
ones. It wax found to be superior Id PI against Srapfry- 
tocaccws an reus infection in dogs (Amber cl al. 190), 
bul some gram-negative hinttcria were found to be 

rexi stum (Russel I9#6k Chlorhexidiite kills bacteria by 
disrupting the cell membrane and precipitating cell 
contents. It has also been suggested that membrane 
bnund adenosine triphosphatases, specifically inhibi¬ 
tion of the FI ATPase. may he a. primary target for Chx 
(Gayle el al. 1981). iL is active against fungi,, fairly 
active against M. tuhtFo&fasix, hut poorly active against 
viruses. The antibacterial activity of Ore is not as rapid 
as Ihal of I tic alcnficils; hgwfvcr. as a Cl, I % nquiemm 

SOlulkiit, significant killing action is evident idler Only 
15 seconds. Additionally, Chx solutions have the 
longest residual activiiy, remaining chemically active 
Fur 5 6 hDUfl and retaining their activity in the pres¬ 
ence of hUiad and other organic malerialL Being 
cationic, it is inactivated by hard water, non ionic sur- 
lacBunls, inorganic anions, and soaps. Dilution with 
saline causes preeipitulinn. and its acliviiy is pH 

de|teib<k p ikt 8 It hast extremely Low lonidty even when 
wed on intact skin of newTmms (O’ Neill el al. I9S2). 

Chlorhcxidine is available in u detergent base as a 
4% solution or as a 2% liquid roam, li is widely used 
as a presurgkul untiseptic, wound flush, and teat dtp. 
Lls use as a disinfcctanL has nut been desc ribed. 

Aldehydes. Two related aldehyde disinlecEants are 
(brauldehyde and glutaraldeliyde (GLTl. l , 'ormaJde- 
hyde has antinakTubial activity both as a gas (see 
below) and in liquid form. Fooittlin, the aquecflis firfm.. 
is 37% formaldehyde by weight. It inactivates microor¬ 
ganisms by alkylating the amino and sullbydn I groups 
of proteins and ring nitrogen atoms of purine huse-s 
(F&ven 19S3). FcnuaMchyde is an elTecLivc bul slow 
hiieterieide. virueidc. ami fungicide, requiring 6-12 
hours’ contact time. It is effective against M. ruben u- 
Imis B bacterial spores, and mt^st animal viruses* includ¬ 
ing fooL-jnd-inouth disease varus, lls action is nut 
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■Heeled by tsrganic matter, and ii is relatively nonce r- 
rosive to metals* paint, and fabric. Formaldehyde atone 

is cormikjed a high-level disinfectant and in -combina- 
cinii with alcohol can be used a* a chemical sclti lane for 
surgical instruments., However. due to irritating fumes 
and pungent odor at Low cnoecntraiLions (*■1 ppm), and 
because the National Institute For Occupational Safety 
and Health requires iE lu be handled as a potential car- 
clnrOfen. thereby Limiting worker exposure time, 
farmiddehyde's use as a disinfectant has been limited 
in certain \etenmary applications {see below). 

GLT, a saturated dialdehyde. is similar lo Imnalde- 
hyde but without some of its shurteonungx. GUT has bet¬ 
ter btttieriddal, virucidal. uthJ spoficidal activity than 

fcmiakkhydc. Its biocidal actLMty in related to its ability 

to alkylate sulfhydiyL hydroxyl, carboxyl. and arm no 
groups affecting UNA. DMA, and protein synthesis (Stull 
and Gorman 1983), Acidic Cl I J soluijorjs are not apoti- 

Chjal; thus, they muse he '"activated 1 ' by alkali nixing 
agents to a pH between 7.5 and 8.5. Once activated, these 
soluliuns luive u Limited shell’ life (14 days) due lo puly- 
ntheiriyjJiLKi q( Uiv GLT nHikeulcs (ftubila iWi. Newer 
tbcvnulaEunis (stabilized alkaline GLl, puten Lined acid 
GIT, GLI-phenaie) have increased shelf lift (28-30 
days) and excellent germicidal activity (Pepper I9H4)J. 

GLT has gained wide acceptance in high- level disin¬ 
fection and chemical Sterilization due ID several favor¬ 
able prupenie*. i deluding wide spectrum of activity, 
Low surface tension allows GLT to penetrate blood and 

exudate without cnag.uLalin g proteins. It retains its bio¬ 
cidal activity in the presence of organic matter, [t is 

noncojidsive to metal, rubber, and plastic and does not 
damage lensed instruments. GLT solutions must be 
used in wdbventilated areas,. since air CONCOTliatiOfiri 
of 0,2 ppm are irritating to the eyes and nasal passages 
(CDC 1987). 

Contact times of less than 2 minutes for vegetative 
bacteria, 10 minute for fungi, and 3 boors fur bacter- 
ial spires were necessity using a 2% aqueous alkaline 
GLT solution (Stnndiill ct at, 1963). Activity against 
l he tubdde biicilllB was found to he somewhat van* 
able; aL least 20 minutes ill room temperature is needed 
Lii reliably kill these organism* with 2% GLT. When 
used as a high-level disinfectant, a minimum of I ,% 
Gl T slmuld he used. tll.T-phenait: fmnriidiiiiufts dhiuld 
he used with. caution since I hey were shown to he levs 
effective Lhnn other aldehyde solution* in decreasing 
bacterial counts from some medical instruments 

(Ayliffe eE al, 1986). GLT dliiflfewite were found to 
more effectively reduce duck hepatitis B vims infeeuv- 

Lty when they contained additives such us alcohol, 4m 
ammonium chloride derivative, and ll surfactant (Mur¬ 
ray et al. 1991). 

The caustic nature of Ml formaldehyde ±nd GLT 
makes them inappropriale as anliseplics, and in face, 
protective gloves should be worn when using Lbe alde¬ 
hyde disinfectants. I 

Hydrogen Peroxide. Conflicting reports concerning 
hydrogen perenUe: 11 * efficacy fia a germicide make evul- | 


uating its utility in disinfection, and antisepsis difficult. 
Although it has been reported to have historic idal (.Scha¬ 
effer et al. 1980), virucidal (MciUel and Schmidt 1973), 
and fungicidal (Turner 1983) activity, other* believe it to 

be more effective again*! bacterial spores rReytamufc 

DWtj; Baldry 1983) than against vegetative bactcna. Her 
this reason, one author suggests that hydrogen peroxide 
antiseptic use be restricted! lo initial iresitmenL of recently 
ccituamiAflled wound* inspected of containing clfxstrklial 
spores (Keybruuk 1995). Because 3% hydrogen penix- 
ide has been shown to be damaging to tissues including 
fiJwoMl&Ct ( Lmeweaver el al, 1982k il is not CMwdcred 
suitable for routine wound cure. It is. however, consid¬ 
ered a stable and effective disutfectart and is used in Lite 
disinfection of soft contact lenses. 

PhtOub, Carbolic acid, a phenol, is the oldest example 
of an aniisepik cnpfipound. However, dite to severe 
local and systemic toxicity; it is no longer appropriate 
for use us an antiseptic. These agents act as cytoplas¬ 
mic prisons by penetraEmg and di^rupLing mscrtshiul 
cell. w;dk. Mmi coitinufeially available phenolic prc>d- 
iM;t* CLuHain two of nw.ire compiounds that act synergts- 

ticalLy. resuMiif in a wider Bpcotfum of activity, includ¬ 
ing against Af. tuberzutosi.i- Sodium o-pheny I phenol is 
elective against slmphy locood, pseudomoiiadv, myco- 
bacteria- fungi, and lipophilic viruses and against 
a*caridi s SC n.mgyles-, mid lichurids. Crevuls are suhsti- 

tuted pheficts and are more bactericidal and less toxic 

and caustic Lhan phenols. Phenol ies are not rceom- 

nrve-hded for disinfection of anylhing other than noncril- 

ical items, because residual disinfeeianE on porou* 
muleriah can cause tissue imtaLion even when Lhe 
items have been thoroughly rinsed, because of strong 
odors, and hecaiLve of ahstirpiiLxn into feed 

Gases- Gases are Used primarily as disinfectants for 
Large srpuees and for st-enliration of sensitive surgical 
equipment. F-Lhylcne oxide (CH a O) is a water-soluble 
flammable gas used for gas sftfilivacioii. Mixing ethyl- 

cue oxide with carbon dioxide or fluorocarbons 
reduces its iLunniability. Ethylene oxide kills bacteria, 

fungi, yeasts, viruses, and spores. Bacterial spore* are 

only 3-10 times more resistant to the killing activity 
than are uegetafta cells, h has been shown timi the rel¬ 
ative humidity of the ni-tcroeitviroitmern is criSicaJ to 

microbial susceptibility to ethylene oxide. Activity is 
decTeased in the presence of orgiuik matter due to 
inCerdHiion with prole ins and nucleic ai ids, Cure must 
he used w eonuiin die gas, a* it has an irritant effect m 
the skin and eye* and may cause headache* and nausea. 

Formaldehyde £j.s inactivates viruses, fungi, haete- 
na. and bacterial spore*. Its activity is dependent on 

rclarivi humidity, and its efficacy is dnughl to peak ui 
ft*s than 50 % relative humidity. Formaldehyde has 
been used for disinfection -of hospital Linen and for ter¬ 
minal disinfection in certain Food-producing induvLnes 
(see below). 

Popriolaccofie, methyl bromide, ;uhJ propylene oxide 
have also been itted is gii* disiriftcLimls. 
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of the tMsnfocttflt molecule lu get 5u die organism). 
Certain compounds t hypochlorites and iodines) are 
more iUNueprible to this type of interference ihuii otta* 
Ol GET is less affeeicd by organic enfuaminaunn chan 
other compounds and Is therefore useful for Lnsttu- 
mcnlx whose surface nr design makes them impossible 
lu Lhuruughly clean. Soil contamination can make 
large-ummal facilities difficult to disinfect im:\ may 
require retrovil of surface layers of wail and bedding 
for compIcLe trculnienl. The presence of inapiHc iuns 
(Ca* 1 , Mg"-, Nu.% wnd Cl”) may he physically incom¬ 
patible with certain ojiLsepLiciAlibinlecLuriLs. and Lhere- 
frjrc dilution with either hard water or saline Milutious 
may render Lhese fonudldfltt iiieffsviim 

flr^anfam Type- The sensitivity of different dun 
{hacleria, fungus, virus, etc.} erf nanisms has been pre¬ 
viously discussed. Within each group, however, differ¬ 
ences in sensitivities- Lo the vanuu* chemical compounds 
cxisl that may render a particular disinfection process 
ineffective igtilW certain mkafflofatt while effective 
against others. Gram-povilive bacteria are in gcikral less 
miftHH in disinfeviaflt/aini^pUV cuni|io4mds chan are 
gfflffl-IWgativt mg-pnisms due m ;l lex* complex and less 
Lipid-rich outer membrane. Staphylococci are less sjuv- 
cephblr lu alcohols, glycols, and ethylene oxide than 
are other cocci. Of Lhe gram-negative' bacteria. 

PsmlottKHku dmtffHOHL Eschtficklo &?fi ;uh 3 A'Mj- 

sieik i spp. seem to he more resislanl lo antimicrobial 
again, especially QACs and Gix, than other species. 
Mycobacteria. due Lo the Itydnpbobk nature of their cel I 
walla r w highly miltant to many compounds 

Myt-fthucleriurn tubtflctikuis is nisi stile'll |lk Chi. qCkls, 

and alkalis, while QACs arc tuberculostatic. The luber- 
cuhisis organism is killed by aJcohols, formaldehyde 
(GLT, but slower killing), and ethylene oxide. Bacterial 
sponcides include the aldehydes, hydrogen peroxide, 
hypochlorites. iodine, add alcohol, and ethylene oxide. 
By inhibiting gemiinalum or spore outgrowth, phenols. 
QACs, biguaflidtfs, and ikohofa are ipomtitic. TlH' 
efficacy of mosL germicides against hacteria.1 spores 
increases with lemperature; however, the most effindve 
method against bacterial spores is rrunsC heal EI IS® C 


UUKlflVidg), Tung] are ttoUve to chlorine. phenols, 
iodbe aunpnunds. elhylene oxide, jukI llw aklehyiks, 
whereu QACs are funghtaEfc. Fungal spore* are revisi¬ 
on! to most disinfectants. The scnrsitivitv of viruses td 

p 

disinfectant compounds relates to the cumpo&rtaon ud the 
viral envelope. The lipid-enveloped viruses are readily 

Inacthmed by Upcphilic agents such as ether. cMoro- 
fonif pheflols, QACt, and evu iktergems. The nunun- 

s'doped viruses are rcsislsni tci these agents hut are sen¬ 
sitive to chlorine and the aldehydes. Ivnrijkkfiyde and 
fj-propriulaciunc are used to inactivate tiniKl in the prc>- 

duetku of viral wcIoh ntfUaed lawtainaiy medicine, 

MIC KOREA I, RESISTANCE TO DISINFEC % 
TANTS AM D ANTISEPTICS. Biatrial resistance to 
antibiotics in a weJJ-reseajrbed phenomenon. Recent 
evidence suggests a similar emergence of aktobUI 
resistance lo acLions of certain auLisepEtcv and disinfec¬ 
tants. termed “acquired resistance." This Lype of nrsist- 
iince is the result of acquisition of either a plasmid t»r a 

ckfomnoiiiJ nutalkm md usually IivoIvh preykui 

exposure cl> ihc chemical ageru. A second type, termed 
"intrinsic rexistance . 1 ' 1 is most frequemly due to the bio¬ 
chemical makeup ol the organism or cellular compo¬ 
nents making them inherently resi slant to certain mol¬ 
ecules, At ail c sample. the cell waits of gram-negative 
bacteria and myeobiclm may ad a* absorption buri- 
er^ to certain agents, thereby praecdog deeper sensi¬ 
tive cellular targets. Bacterial spores similarly exIiihiL 
lutrluk resistance Lo many disinfectants. Table 39.2 
illu>Lratc* examples of, and suspcercxl meehamisn^ 

respivnsLhlc fcir. resistaiiw in -disiflfcclaiii age»-^. L 1 11- 

sigridicance of such resistance in clinical practice is 
uncertain because unlike with systemic antihirtks, 
very high concentration^ of compound are easily and 
safely achievable. 

ANTISEPTIC USAGE IN VETERINARY MEDI¬ 
CINE. The rule of antiseptics in vAterituiry medicine 
includes their use in skin cleansers, wound scrubs, and 
teat dips. 


TABLE 39 . 1 —Examples of inlriiiMic and acquired resistance lu rtTlnin ^ermicidnl: a^enis itnd suxpeeled 
mcch unisms fur each t w heu km iwn) 
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wounds irrigaled with QjQ5-O r 13b Chi diacctate sent- i. 
lion had fewer infections than those smiled with 
0,1-03% Ft Concentrations qfO*x glucrmule (3.5% or 
greater were effective again*! 5L nruirui in Who; how¬ 
ever, cmKCnlrarinns ahovc ff.05% were Imho] tu cqunc 
fibroblasts 1 Redding and Booth 199]) and in a wound 
model in pigs. Unfortunately. it also delayed healing to 
a greater extent than other ho I utiODS Levied. iitdudi rtg PE 

(Archer etaL ! 990 >, I 

Chlorine solution. such u sodium hypochlorite. was 
used as an effective wound flush in World War 1, Full* 
strength Dakin's solution (0.5^ NaOCI> kills bacteria 
and fibhjWiLsLs, as well as retarding epiihclializaiiou in 
vivo in fill a {l.incfwcavcr a al. 19K5). Other studies 
have shown |lnw concentrations (0.005-^X0025%) In he 
toxic to neutrophils, fibroblasts, and endothelial tells, 
prompting one author to recommend abandoning the 
use of NaOCl us- an ireigant (Korol et al. 19BS). hi COO- 
trasL, a concentration of GyQ 25% NaOCL was sJhjwfi to 
he bactericidal while having no in vitro and in vivo Tis¬ 
sue lofljdJyi suggeMing it modified Dakin's sl>1ili i^ici 
may he a safe and effective tluidl dressing. (Hedgers et 
al. 1991). Chloramine-T (Chloruzene j was shown to 
reduce in vitro H/iqphGtfd grc*w[h and the ability <if 

the bacteria to coknlie ©ipcri menially created 

wounds in guinea pigs. Additionally, Chlorazene did 
noE tldiiy the healing of these WflUdl at a HHKtflt ra¬ 
tion of 0.03% < Henderson el al. 1989% Thus. it VHtt 

concluded that this preparattort dradd haw no effeei 

on healing of wounds when used to sonitizc hydrother¬ 
apy Liilib,. 

Teat Antisepsis. Postmi Iking teal onLirephih is one of 
the mosl eflktiw procedures (or reducing clinical and ! 3 
subclinical mmtLlLH during lactation t Bromley and ■ 
Dwld 1984), An ideal teal dip kills bacteria left un ihe c 
skin after milking, prevents raluui AiLton of (he leat on- l 
fitt by pathogens, and deans leat lesions without irri¬ 
tating the skin (Rnkey el al. 1984 k Many products 

uJcisL W'iLh proven efficacy against minima rnmury in Pet; 

Lions (IMF) caused by Sireptococaa agfitUtciktt and ,N“, 
nureut* Mastitis caused by environmental pebogeu 
such as conforms and non-.?, agalactiae StivptQCQCtm 
spp. is more difficult to combat. Since che environment 
is the reservoir fur there organisms, residual Activity of 

art antibacterial is necessary for injection control, in a 
natural-exposure trial tOlivcr et al. 1990) a 0.35% 
Chl/gtyccrinc emollient was shown to lower new 

tlftCtlOfH caused by nin-I a$ataeim SttwptQCOCCUS 
spp. This combination was also effective against coag- 
ulasc-negaEiw StaphylococcKi spp. and Ctrnnehm- 

trrium hems. No irritation w chapping of Lite quitea 
mu lt e d 

The in vitro germicidal activity of nine commercial 
teal dips was tested ILaruoque el al. 1992k All products 

tested were found he effective againsi £ mli, J B 

anrtw\ apd 5 4gflUotffrv. Chi acetate was found to be 
only bacteriostatic against Ndcantk i organisms: thus, 
dips containing Lhis compound should vkrt be Usid if 
thisorganiirrt is present OO u bl9L The aulurrtulic appli I 


Labors of on lodine-contsuning teal dip tlu\mgli the 
milking machine cluster appeared t© be as effective «s 
manual teal dipping in preventing IM[ nmter conditions 
Lffanifscially hi^lt levels of btcleeUl oponre (CrincUl 

and Priest 1989 ), 

ChlflUtt acid and chlorine dknide Ewttiwl IMI 
Caused hy .S’fJTpfiJt'ni: i" 4 ii pi/.vnA and .T. jjujitua signifi¬ 
cantly hener when used for prcmilk and postmilk dip¬ 
ping chan when used as a posimilking teal dip alone. 
There were no treatment differences againsL gram-neg¬ 
ative bacteria, coagula&c-nepaUvc Sfaptrybmwus vpp.. 
and C twis i Oliver cc al. IW 31 ,, These authnrs want 
against asAuming all teat dips to be safe and effective us 
pncmilking dips. Comet use of a premilk dip require^ 
careful drying of the udder since studies have shown 
that cleaning liquid containing bacteria can drain int» 
the teal cups afier mitk machine attachment (Gathn ci 
al. 1986 ). There bacteria cun bmli Iockw mil h*;it- 
riiil counts and mastitis. In addition, prcmilk dip 
liquid runoff may leave chemical residues in milk. In 
ah attempt CO avoid these pitfalls, aff. 5 % iodnphnr-s:on- 
toining gel was developed and compared to routine 
udder preparaLion -und to premilk dipping wuh a OJA 

MKluphL* Milution, Gel treatment rented in lew bucic- 

rial contamination of milk and teal ends, low somaiic 
eell counts, low milk iodine content, and reduced mas- 

titk. In additiL.Mt. puriur ihrdughput Wtt higher ih;nn 
u-ith standard prodip Ihcrypy i Ingawa et al. IW 2 ), 

disinfectant usage in veterinary 

MEDICINE. Disinfectants are widely used in veteri¬ 
nary OKtttckK as ht^prtal disinfectants l>a flooni. 
tables, and Willi, on surgieal equiptneni and olher 
instruments before Stonge, and for disinfection of ani¬ 
mal hiiusing facilities. For affective germicidal activity. 

manufacturer recommendations regarding contact 
time, dilution, and useful life of a disinfectant solution 
should be followed. The disinfectant for a particu¬ 
lar situation w-ill depend m the stirface's shape, struc¬ 
ture. cbedbol reactivity, and use as well as on the type 
of LLmijuniuating organisms antici paled. Ii is beyond 
the scope of this chapter io provide guidelines for dis¬ 
infectant use in all cireumsUuKes; hu-we-ver. a shurt div- 
ciurioa of their uwj in praductioa oedidn with 
emphasis on distinguishing features is worthwhiLe. 

A newer disinfectant finding widespread application 
in over-the-counter human products is triclosan 
(Irgovon DP 3 (NJL llns compound is incorporated Into 
hand flcimsm, dermatolagic uujuit and l-vcil loyii 
The compviund is essentially EKilOXk, although data 

are not available n its relative efficacy -compared! tu the 
existing nnmpntiarti described atom It is likely ihm 
tridoson will he inL^rptirated inlo veterinary products. 

General Prlntlpk*- In nnkr ei» but target disinfec¬ 
tion procedures, knowledge of the most Likely agent 
responsible for a clinical outbreak is paramount. Using 
a CMqMind to which the cTUL\fit!ive jigenl i& re^isl 4 inl is. 
w-isLed effon and nwney Contamination caused hy 
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certain ciiologic agents in mure easily controlled than 
contamination by Often (e.g., disinfection Mlowillg 

SolmoK/to outbreaks a badena, compand to 

Aujcw/ky'i disease, which is cawed hy 4 viiuaju ]1 i\ 
al wn important to understand lhe mode of transmi sskifi 
uf a disease outbreak since this will help identify other 
measures neoaury far control. For example. a disease 
spread via bdKI VCCUT would require a different 

approach than one spread via fomites or direct ulmal- 

tu-imimal cunlacL. Knowledge of the causative agent 
al» felkwi predictions of Ms survival in (he ovtaw- 
niem. This would again impact the decision regarding 
hew disinfflci:n:i should fw-tfceed- For instance, survival 

time of most miccxmrgiinLsmH is increased with humid¬ 
ity and in the present of organic soiling. 

Few certain diseases te.g.., reportable diseases^ a dis- 
ilfectkn procedure has been outlined that should he 
followed to prevent the spread of highly contagious 

diseuKes te.g. f| fbot-ud-fDOflth dlwiff, hluviongue, 

vcsicuhir stomatitis), This procedure includes the fol- 

lutviifeg: 

I r Set up lc» prevent further spread id agent: shut 
down fans., block waicr nrnoff; eriihlufa perimeter urea, 
for showering in/ouc. 

1 Preliminary disinfection: using, low-pressure 
sprayer, cover all area* to- damp dm and control 
infective dust, etc., minimize pooling of disinfectant. 

3- Lquipmenl: all portable equipment should he 
disinfected by soaking; equipment used for dKtHtini- 

mating should be disinfected as wcll r 

4 . Removal of gross. ennl.pmi rial ion: manure, soiled 
hedding. unused feed, insulation, top layer of dirt floors 
should he scraped and removed. 

3r Cleaning; hot water wiih detergent or disinfec¬ 
tant should he used to remove soiling, starting from the 
top of ihe room and working downward; manual scrub¬ 
bing muy be Accessary, 

& Waiter system: if applicable, the warm- iysaeii! 

should he drained and di^infccLcd, 

7. Disinfection: following drying, the room should 
be dUnfected again with tte approprlik compound ;>r 

the appropriate dilution. 

H. Drying: the room should be allowed to fully dry. 

9, Hutting: fur uu agents (n,g. r swine vericdif 
disease) a flame gun may be necessary m stone m 

ineud suffuse*; MiriiiLHr* should bti WCtLCd initially si> 

that areas that have been completed are easily identified. 

10. Fumiguiion. may he necessary frw certain per- 
Kislenl agents i foul-and-mouth diseased it shim Id be 
uLLcmpted only aJf the room can be sealed: fcmnalde- 

hyde Is cctvunnly vied, 

Although considered necessary far control of highly 
infective. easily spread pathogens, the above listed 
steps arc valuable for the control of other organisms as 

wdl 

Spu ial t on-H-idiTatinns in S pacific Applications 

Food Prodlctkjx Areas. Two categories of feud 
products sub]. Low-risk products arc smred at room : 


temperature nr need further conking prior 10 caring; 
high-risk products require refrigeration, have shoal 
shelf lives, or uf£ Culeti wHuut furlller cooking. Cloan¬ 
ing is necessary to mulmiB disinfection effiriency. 

The nature of possible pathogens and the appropriate 
cleaning agenl depend upon lhe chemical nature of the 
food being prepared (e.g., sugars are water soluble 
whereas fats are not*. PentKlic routine deaningi'dism- 

fecting is necfflUMded to prevent 1 In? buildup of soil. 
Heal is the bat disinfectant but impractical in certain 
tMuadflflS. SoriKB-LKllw (itticb to N.urf;ice to prolong 
contact time) amphoteric and QACs have been sug- 
gesifld as appropriate, .See Bolata 1995 for further infor¬ 
mation on disinfection of food production areas. 

Dairy FakijUR. The price of milk is dependent upon 
bacterial contamination in many countries. which illus¬ 
trates the importance of hygiene in the dairy industry. 
Milk is sierilt! when HCfttfll frtim llns udder, Clean I i- 

ivcss nod di&inrcclinn of the udder, milking equipment, 
and wtrauKSJ have been s-uggesicd to be more 
importojil to Limiling contaminuCion of raw milk than 
refrigeration during storage, The implementation of 
auiomahzd milking and thrcc-tiincs-daily milking have 
created increased condition* for contamination. The 
discussion of mustHLs is beyond Che scope of thi-s chap¬ 
ter: however* it is important to note Ehat the two major 
classifications of pathogens cutting muslilis are those 

Hint ire contagious and are feud principally in the 

udder and those found in the environment. Control of 
contagious organisms should, he focused on the cow, 
milking parlor, and bam using pro- and postmilk teat 
dipping and dry COW treatment. Chlorine, Chx.. and 
iodnphnrs have all been used effectively as teal anti¬ 
septics. It should be noted that teat disinfection should 
not be a subsLilult for adequate cleaning of the udder. 
Control of fflviroomokl] pathogens is accomplished 

with gL-iwral clHulilHt, effeecive ventilaiion, fly L-uiL- 
Irol, and adequaLe sanitation of Lhe milking apparatus 
(the m-iun HUH of milk contaminaLion). Procedures 
for di iinfe ctim #f ^quipfn^ni v^ry wills th^ cyp^ of 
equipment but in general will include manual cleaning, 
detcaling. and heab'disinJeclanl LreaLment. Disinfec- 
UlVtl used four chi:> u^Tplicatkin, alone uf in eomhinaiiois 
with detergents, include sodium hyptichlorite, ehlorine- 
rcLedhing conipiYtinds, QACs, and iodophn. Sec Saian 
1995 (tir further iaformalion un dhifiFectidO of dairy 

pallors. 

Stockyards. Stockytrdt, defined ii> places where 

groups of animals arc brought temporarily before 
retuminp to their original housing or moving lo new 
premises, present seven! unique testacies to disinfec¬ 
tion. Animals being transported to these ARB are sub¬ 
ject to shipping Athh and therefore decreased immu¬ 
nity; In some circumstances, different species are 
hem-wd. in projumily lo otto another, allowing Lhe oppor¬ 
tunity For organisms in spread Lo naive hosts. J ra public 
siiuaiioiis (e,g,. tails, exhitation eciiLcrsF, large numbers 
: of visiturs aid in the spread of infactkniH tugunisms. The 
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cupajbLliLicjt, which arc reliant upon jztnod hypicne and 
disinfection panccdufck 
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The sulfonamides me one of the oldest groups of 
JOtiflllcnUal compounds Mill in use today. Sulfanil¬ 
amide, an amide of ulfinii; acid, was ihe first sulfon¬ 
amide used clinically, [t was derived from the am dye 
FmnLosil, and all other sulfonamides produced since 
luve sCrucniraJly resembled it. Sulfonamides have been 
in clinical use fur 50 years, and widespread resistance 
lias developed against some of I hem. Sulfonumide- 

dinniinopyri midifns uumbiitiiiiuiis have been uvtfd to 
reduce ihe incidence of utfotkamhte wiiifcc, and 

this combination has all but replaced single or combi- 
nulion sulfonamide treatment regimens. In addition to 
mknUftl resistance* neat concern has focused on vile 

pnssibk eiireiimgcniciiy of some sulfonamides Lu labo¬ 


ratory animals,, which may eveotuiDy preclude their 
widespread use Ln fond-pf4idih;iiig aniiuh. Previous 
editions of Ihis leil should he consullcd for a review of 
Lhis extensive historical database. 


PHARMACOLOGY OF SULFONAMIDES 

General All sulfonamide* are derivatives of sulfanil¬ 
amide (structurally similar to para-amiitohcnzoLe acidh 
which WU t in the l l J4Us. the first sulfonamide discov¬ 
ered to have italmkreMfll activity (see Fig. 40.1). Since 
(hen, many structural derivatives of sulfaiiiliimide with 

differing pharmacokincf ic and arid microbial spectrum* 
have been used Ln vefcerinacy medicine tolTttfll micTubial 
inlecliuns of the respiratory, urinary, gisliointeMinfiL 
and central nervous systems. .Susceptible orgiifiiMNs 
include many bacteria. cuccidiiL, chlamydia, and ptmfo- 
ZOliI organisms, including Toxuplasma spp. 

Sulfonamides are while crystalline powders that are 

wnrali organic acids, are relatively insoluble in water, 
und have ;n wide range of pK a values. ax «4h«,5i'^ B Fi bn Table 

40.L They also show great variability in ihe extent to 
which they hind to plasma protein* (I 5 QfK*-) with 
respect to irsdavaduaJ drugs and species. Sulfonamides 
are mure soluble in alkaline Ehan in neulral or acidic 
pH,, solubility is enhanced when the sulfonamides are 
formulated as sodium *y||s us* when in solution in more 
alkaline environments. Some sulfonamide nhtiofU 
have pUs beLween 9 and 10, prohibiting cxtravascular 
Use. SuHommkks in general are relatively insoluble in 
water and lend 10 undergo crystalliiatinn in the urine 
lacid pH) in vivo, especially in animals ilui are ow- 
dosed, dehydrated, aeidoiie from disease,or given large 
doses of u sulfonamide by bolus injection. To minimize 
crystal! urta and obtain high blood nr unite levels of the 
sulfonamides, they are often given Ln anUlHdoi witfi 
each other, bach sulfonamide in a mixture of *ulfon- 
amitk-s exhibits its own solubility an solution i law of 
independenl solubt!ity)i Lfi*+ sulfonamides do not -sig¬ 
nificantly affect the solubility of each mliei. which ha_\ 
important clinical coukkratiow in the actetkn of 
parent compound and my ntetahidiics. However, ita 
antimicrobial effect is additive; Ihus the use of "iriplc- 

sulfas" lltirce sulfonamides formulated m solution 

■■ 

together) ilkwt increased efficacy without a signifi- 

eam inereAseil risk of adverse effeeis |Pfcc*col1 and 
Bafig ch 199&; Btrvill 19*8), 
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FIG. 44)A—Suinamtanihie 


TABLE 40.1—pk j valuta for some 

sulfonamides 

CCTTUpWhJ 

i*. 

Siilfafiilamidt: 

10.4 

Sul fame tha/.ine 

7.4 

SulfodiiiHiK 

^■.4 

Sulfsidnsine 

6.3 

S u 1 fame diiuui/ u le 

6.0 

SulfadimcilWiTine 

&0 

Sulfdpchkirpyriilazi ne 

ISA 

Sulfaquinnsalin? 

5.5 

Sul 1 ainedfa/ine 1 suit adijnidiihe .1 

2*5. 74 

Sulfabf\stTit>rTietha^ 

NA 

Sulfitthnjiypyfldiijjfw 

NA 

Sulfamem^iinc 

NA 

Sulfa mechsizolc 

545 

Sulljlhij. r n|i: 

7.1 

5ulfiHmKmk 

4.7 

Phrthaiylsulfnhl«oJe 

NA 


Sources: DUa from Prescott and Baggoi 1993 and Riv ten 

cL air E9«fi. 

Nate; SA ■ data rw* mihblt 


Mwlwiifcsm of Vt;iinn r Ft*r sulfonuniidt^ lu be iliera- 

peutteally effective. orpium must intr^tlluhirly syn¬ 
thesise ibcir own folk *cW- SilfoBiamid^ are 

uMinKtabolites, interfering with the normal productinn 
of RNA. pfineio synihRls, and microbial itjplioriiun 
riYcchanimns. Sulfonamides inhibit i nter nhjdiary ineiub- 
olkm by interfering with the prodtatian of folic acid, 
while tht di-itirnniLifiynmidines (discussed Idler in this 

dtifflcri iiuerfetv in later steps iifthis metabolic cu^ade 

by arresting ihc pmduclion or letrahydroMic acid 
(THFA). Sulfinfiamidcs used in ihc absence of 
Uiumi rsijpyri niicliiK^ -ure. 1 hucMkitsUilie, The existing folic 
iKid supply within the suvcepLible organisms must be 
consumed before any metabolic effects can begin, which 

usually occurs within 4=6 hours after adminisurackm. 

A simplified veriwfi of folic acid metabolism is pre¬ 
sented in Fig. 40.2. 

Panj-ujninufeen^oic acid (PABA), [rteridines. glu- , 
tanuk add. and the enzyme dihydrirpt-eniie synthase 
inieract in- Fewm dihydi^P^rmc acid, the immediate 
precursor in dihydrofolie add. Dihydmpierone acid is 
enzymatically -converted to dihydm-folie add by dihy- , 
drnfinlii<> synth^e* followed by anoiltci enzyrmiic con¬ 
version of d ihydrofolie acid! 10 TUFA v ia dihydrofoliUU 
reductase (DHFRJl THFA cofitinues on in this pathway 
19 permit RNA pnKliR-Lkin and bacterial repn-Kfuclion. 
FAB A and sulfanilamide hoar a strong enough struc¬ 
tural resemblance for one io he chemically mistaken 
for (he other in the folic acid production pathway. Sul- 
fiinikirmde. and all sulfufiamides. inhibit the biosynthc- 

sis. of folic add by being mistakenly substituted for 


ffAC J £JUd Ml-V A-Vl J .A XIMAJ.'i 

DL^yJrzpttrjdme LiDjraKd Mat 

+ 

p uufp> bamle kW CPiVB-SIp 

A V- hi CiCKJ.n BY SULFAS 

Dihy&rpiirrnik 


■Gluamk i-.kI 

l 

A D Ell t'DHU FO LA T E -* 

RED! CTASK CDflFHJ 


A 

DihYiir.'fuiife 

I 

T rl ijJ >J i'ij I'i > Ufc 


AaJ Aiij-Jr affinity Jar 


to" n ;^f7H tf&MFJf 
JhU h/wr affi-uTh fiv 
Trfrrwfhupnr* 


F’lti. 40.2 =^Sehumadic r<rpre-iont;iLi l in nf the rciiiutianiitm nf 

action nf \hv wtfonamicte and inrrxNfHipnrnL (Ad.ipled fro® 
Davis and J-acfcooci 1973.) 


PARA. How even chert; are suffident strwrlural dillef- 
cnees herween the sulfonamides and PABA fio not 

allow the eoriversioo to dihydropAefoic acid; hence 

inhihiiing baetenial piLHein synthesis. Folk acid syn¬ 
thesis can be restored by flooding the system with 
esees^ PARA, Mammalian cell meialbdic piUhways.m B 
not inhibited, because mfreialJin cells uti-tize pre- 
fornicd folk acid obtained from the dice. Sul fwKimiitei 

have Little effect on thc^e miciohial organism^ that, like 
mammalian cells, can utilize preformed folic add 
(Praseoil and B-ag®a! 1993; Bcvill I9KS). 


Clinical Use* and Mimihbl Suhi-epiJbJJity, flic 
spectrum of activity for the sulfonamides U broad, 
affecting gram-posieive, gram-uegiJtive, and many pro¬ 
tozoal organisms, and is tacterk^tk ruilier than hav- 
tcricidal. As staled earlier, sulfonamide^ have been 


used clinically for approximately 30 years, with many 
organisms unce quite susceptible to the sulfnrkamides 
now being resistant. Combining Milfunumiides with 
dsaminopyrimidincs has nmiirkcdly increased the spec¬ 


trum nf activity ami is the mo$t anunon Milfiniainiile 
preparation used in veterinary antimicrobial therapy 
today. Single or combination sulfonamide therapy is 
common in bxnJ^ammul] medkine. with sulfonamide- 


diaminopyrlniidlne combinaiicins being u^d nn>ra fre- 

qucmly in Large .unimaK. Speeific mkroUlJ su^epti- 
biJiry patteTTi-s for ench ‘Milfcmuuiide will! be discussed 
in more detail later in this chapter; htjwevcr, lahSe 40.2 
illustrates the gene] ral susceptibility/rasi^liuice patterns 
of most sulfonamadcs, trinveihopfini, and trirlHlhn” 
prim-sulfamethoxazole combinations, against Ihc most 
conlinonly encouiilered velennary pathogens. In vitro 
susccpiibiliiy patterns of many palhogens- (Van Duijk- 
eren el al. I994b> and more speeifieally Snimtutell® 
spp. (Vail Duijkeren d aJ. 1994a) that allecG the horse 
have been recently reporletl, 

Sillfmiqi(hides are Used to treat infections of the CMS, 
respiratory tract, pfitrointcsJiiH] tract (among a variety 
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TABLE 40J—ClusHinlion of HiiroMmJdes haud on 

Stion-Bccing tnKmwdwile- 

xulJcirujm'ides acLing KLdlhiriaibiMks 

SnUrtanide Sutfxdirnelfr-'X ire 

SvIKa rmpl hsmile Su II ljQK JH ole 

Trisulfjpyrimhlinc Sutfamcihouizolc 

i triple xullu) SulliapynJiiu! 

Sulfachioiofe SukfachlorpyridDjarK- 

SktfUKWaDe 

SDtflacuaoki Sulf-adiaj.itv 


ever, diain inopyrimidme-su I fonamnk* cumbnuit ioriv 

have bten hkohsM when odiniflisiered orally of par¬ 
enteral ly Lo treat susceptible nikrubhi] dtin infections. 

Silver siiIliKiiLi/iii*:; and mafefliik a in the only twp xul- 

fcwiamidcs th.it may be used topically. Only sullon- 
iLmidk!=^ with HUtflhl OT fKW4HUl pHt (i.g., MJlfftC- 
ctamide Kart be uved in tifMuhnfe preparation^. i 
Sulfonamides are also classified it shc^rl-, imfienudi- | 
iiie-. mhJ kfig^iering according to plasma concentra- > 
lion-lime pf-nfik. Sulfnnapiitks are consideral shon- ’ 
#<4 mg If jtier nine therapeutic dm P blood 1 
concentrations remain above 341 pg/irriL for less than 12 
hours -after dosing, intermediate if these plasma levels 
arc obtained between 12 and 24 hours, and long-acting 
if obtained 24 hours after dotting. A fourth class, the 
enteric sulfonamide*, are DM absorbed ftir minimally 

absorbed! from the gtfnuteflliiiiJ trsuct after oral 

administration hui aei locally within the lumen of the 
gastrointestinal tract. Sulfonamides that are used in vet¬ 
erinary medicine are cl-iLsvified using ihis- method in 

lUrie^OJ- 

I Attribution, Sulfonamides are widely dis4nhuted 
throughout the body anti into muy soft tissues, includ¬ 
ing. Che CNS (cerebrospinal fluid) and joints- (tyaovill 
fluid I, making these compounds one of the few UtimU 
crobiak iled can obtain therapeutic ancenlFunions of 
drug in these environments Blading to pla-smu pro¬ 
teins, usually to altamin, vanes from sulfonamide to 
sulfonamide and from species to species and ranges 

from 15 to 90 * (USPDf IWH)* High protein binding 
markedly increases Lhe half-life of sulftniiiTtiideSs huw» 
ever, only the un-ionized and non-proiein-bound sul- 
fonamide is pharmacoSngicalfcy active. Since Lhe sul¬ 
fonamides arc weak acids, their pHs generally dn not 
support significant partitioning into milk; however, 
pusajve diffusion! does occur to mi.i-uh.- utant. Cancan 
irations are generally low, making them of limited use 
for the treatment of mastitis in mnsi mammals, 

MtlAboNsn. Acetylation (mainly occurring in the liver 

and lung! is lhe major pathway hy which hulftwiamiLks 
are metabolized in most species. Ruminants metabolize 
sulloiLamidcs by acetylation pathways, and apparently 
acelylated metabolites are the major urinary metabolite* 
in eauk, >.hetip, aiwj xwirtf. The Cttltt Ifedci lhe -ability 
to aeclylate aromatic amines, relying on alternative 
metabolic pathways to convert sulfonamides to less 


pUsuifl concentration versus time profiles 

LonfHEtiDf Rnieric 

xiLlfLiiunnide^ xidfuihaimik^ 

S 11 1Jsin'icfitiylbfe)r 4 i y nk Sgc f anyIm 1 1fnchii|?nlc 

^ulfabfumunieiha/inL 11 SutfaguiMiHline 

SulfjJhmmethiirine SitfiBiMxliinr 

Su|laidiilwCtKKv.LiiL~ ItiUtalyLvuLl atlnu/uk 

SulfjmrfliAzinr i sulfntlulidine i 

SUI IafflSinT. ypyndsi/iiv Su 11J xa I a/ n i it 


Active forms, Acelylated metaboUtH are less soluble 
ihan iSie pjrcnt e^inpi^inds jmixI jfKrcu^e thc : rixSc^ of 

tnul tubular damatgc due to prccipataiion and ayvtaJ 

foniuciLHi. Glueurnnide eniijugaiKin. und mulk 
hydrcwsyluJicm are two additional metabolic pathways 
by which Mill I iwi^imcks meUiI’MiiMed in iininiiLk. 

GhKUEQolde nrwiuNvlitc^ art highly water sotubfe tnd 
are generally excreted qukfcly w ithout the pn^sihilily of 

pfecipitation in the urine. Ekacctylation, nxidaiioiL, 
dcami nation, conjugation with Mil Fate, and cleavage of 
hctemcyclic pngs of sulfonamide molecules have alsn 
heen repiirted (Bevill I9S8), Regardless ol the meta¬ 
bolic pathway taken, all met a bo I ites either display 
reduced LherupeuLic ACUvky f hydroxy irletaKilitc) ur are 
therapeutically hwtiw (N^-iSetyl metabolileL 

E scj'idiiin. SulfonamiLks that are capable of obtaining 

therapculic blLiisd omcntnllovw ti e-, all sulfotiamiLks 

eacq^L lhe enteric, or “gul-aLtive.'" compounds) are 
excreted by the kidneys, cither ns Lhe parent cwnpffltld 
or at metahoJiies by way of glomerular filtration 
C unbound to plasma proteins I, acuve carrier-mediated 
proximal tubular excretion, or passive absurpiiun uf the 
iKinumiml drug Emu tlw* distal tubuJnr fluid Sulfcm- 

atnidcs are also excreted in the teats, feces, btk, milk. 

and sweaL. Low urine pliv fuvsjr tubular reabsorption 
and hence longer half-lives of the suJfannfdei, 
whereas alkalmization of the urine increases urinary 
excretion by slowing this pH-drpendenl passive reab- 
s<5rption m the Lubulcs. Many oi‘ Lhe lung-acting sul- 
ftwiumides. with extended half-lives in the body, 
undergo extensive tubular Rflbmptkn in addition to 
some aftiarohepitic recycling. Enteric sulfonamides w 
primarily climinaled via the foccs, with little of the 
active or mclaholizcd drug being absorbed systemi- 
cally Lo be excreted by these renal mechanisms. 

Tipxliily. Rulfonamide-induced coxienstx may he ckssi^ 
fled a-s nonimniunolngk: or inuifwnologjc in eriobtgy. A 

retrospective evaluation of dermal advent rc£toj^pn.s due 
to UlioeLhtfiriin^suhoniuiiide comhinulims used in oak 

dngs and Cftf hits h^nl pif^s^iiD^cl! hy Nuji Cl ul (1 W r 5 j, 
Of the immunologic xulforEamidc-induecd toxicoses, 
mosL have been d<H:u.nicnted in Lhe canine. Brief descrip- 
Ouns of possible sullonuniide toxicoses are given below. 

CKmALLUVUAe CryxEallurU, h^m^CUriii. and RUl 
(ubulr blockage can occur due to precipitation of the 
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Sulfadimpcthoxiiie hiis been fomiulaled with urmeLo- 
pfim il? enhance ihc fpwirvjfl of anii microbial fectfvUy 
gainst -.1 > 11 -.- bovine pathogens. This combiMjon hfl-* 
been shown to he highly effcvziivc in ircaiing calves 
with experimentally induced Paxtt+urt'fhi lurtn*}iyticQ 
pmmmcmiii. Wilson tit ill. (]^B75 investigated the poten¬ 
tial efficacy of d ^ilf*Jiifl^chi5xine-rtrnieiL»priffl combi¬ 
nation administered orally and IV [l> Ireai M^nLitrJJW 
fort* infections in cattle. In cattle. sulfadimclhnxine- 
orsnetopmm admin i*1crcd [V was effective in maintain¬ 
ing sufficiently high concentration*of holh drugs in the 
tears to acted the known M It's of 13 Afflraxtf/Ia hhv 
iholjdes and in rnainCaining those concentrations for 
approximately 6 Imurs. Howew b when (he UOK ton- 
ciflLnjtiun of sUlfudiiliethuxme-urrt1elupri]n wiis 
administered Ltfally, BUlfKllfiedUliK appeared ill krfV 

cooctintruiiuiis and tfnetoprin in very low or trace 

OOOKflllltkHU in [he Lears, indicating litis combination 

of drags when tduuitend orally is not suitable for 

tRUlag \{ftru.wrllfi Jwjit.y iilfcCEHitfs- ill illUEIc. 

Studies by Righter et al. (1979) examined the ptnu- 
inacofcinctics of KuHiodimrthuxinc in nmlure. growing, 
and suckling pigs. MuUire pigs dosed with 20. 50. or 
](H> m|Ag of suUiftdlittetboKhK TV had V, values of 
0-178, 0,25X. and 0.331 LAg and Mil bc.*Jy clearance 

of 4.21. 534. and 737 mL/hr/kg. iHpectiwIy. The 
pbanucokiiMk; pnnrtm of 55 ntf/kg iul- 
fadiincihoxine given IV to growing and. suckling pigs 
have also been reported. Suckling pigs (1-2 weeks old) 
had sulfadimcihn^tne half-1 ives of 16.16 hours. V J = 
fl.4X3 l Ag, and total hotly clearance of 2H.9 ml Ag/hr. 
In contrast, growing pigs (11-12 mb old)t had gul¬ 
fed imerhoxine half-lives, of 935 hours. V d m 0347 
L/kg. and lutul body dttndtt ot 26 J mL/kg/hr, indi¬ 
cating an age-related effect of sulf'adimclhoxine phar¬ 
macokinetics In young pigs. Weanling pigs consuming 
water dosed with 0.65 g vulfadimeEhoxine/ICKl mL 
showed mean plasma cOfKtdlfltot of K0 ppm 12 
hours after inlfoduction of ihc medicated water, with 
plasma concentraLions declining to approximately 50 
ppm thereafter. Total water consumption was not 
affected, indicating vulfadameihoxine may he of thera¬ 
peutic use in swine provided that water consumption is- 
maintained throughout the medicuLion period. Menget- 

« et nJL (1995) dt^ed 34-40 kg healthy and febrile 

(jane placed cndobronchially with A. pttiWvptmtmonlQf 
tosins) pigs, with 25 mg/kg sulfiMlimelhuMiiv 1 Hind 5 

mg/kg trimethoprim IV. Sulfadirncthoxinc plasma half- 
lives for both healthy and pneumonic pigs were not sig¬ 
nificantly different (approximately 13 Suk Trimetho¬ 
prim half-lives vn not signiftcaiHly different between 
healthy and pneumonic pigs tapproximately 2.7 hr F; 

however, the half-lives were significanliy shorter Chan 
the hulf-life of sulliadimedioxire. In udditbon, the V rf 
values of healthy and pneumonic pigs receiving *ul- 
iaditncthuxine were not signi fi-Cninl ly dilfcrenl (approx¬ 
imately 0.25 LAg). but tri nwtlwpf im did show signifi» 
curt difftiMCH between healthy (1,21 lAgi and 
pneumonic (1.4^ I Agi pigs. The mean area under the 
curve (AL'CS of trimethoprim wus dufittd and the 


LoEuI body clearance HA increased in the febrile pigs. 

hui wilh tin significant chunks in 11 be Mr 1 sglfjidinbetlhiX" 1 

ine ptuimanioDetK punnrtn. 

The in vitro susceptibility of some porcine paihogen* 
In sulfadimethoxine, other sulfonamide*, and oilier 
iinLi mLcmbiiil agents has been reported (Mengelers et 

id - 1990). Sulfadimethusine has alw.i been implicated 

as. heittg g.oitn.'PgenLi! to swiiu fciu?rfh in Ijtie gertalkm 
f Black well et al 19*9), 

Fewer reports arc available on lhe phannaenkinccic^ 
of sulfadimethoxine In horses. Brown <ci al. (1999) 
udm i nistered sulfadnne Lhoxme-ormetopnm (45 .X 
mgAg:9.2 mgAg* orally, followed by lower oral doses 
(22*9 mgAg:4.6 mg/kg l aL 24-hour inLervuk. to healthy 
iidulL m?ues. Sulfadimelhoxine shwed peak plasma 
CMHOtmtiou S houfl after 1 lie initial di.iMt*. and plasma 
CflUUUlbHlA above 50 |ig/ml_ were mainEuined fnt 
the entile dicing BChtidule. Significant MUfltlUkMtt 
were also found in the synovial fluid, peritoneal ruLd. 
tindnincEriim^ and urine, wLih a small ^iekiuoi (2.1 

pgi'mLj appearing in the cerebrospinal fluid approxi¬ 
mately UX) hours alter the initial dose. 

The phurmucokinetic panuneters u-f sulladimediosine- 
omielDprifn w-ere dtknniiml in I- to 3-duy-oM fbik 
given ii iulfad-imethuxinc-onnetuprim dove (173 

mg4g:33 ing/kg) urally (Brown et al. 1993), In Lhe 

ft>als, sulfiidimcihotiifce CMCHVtnlfcn peakeii at X 

hours (55 [i^mU after Lhe oral dose and declined to 
37 j 6 pg/mL 24 boon after Che dove. 

SulfadinieihoxitM u^iige has also been described In 
species iji which \ulf$diinechoxine is less com m only 
used, including turkey* (EpsDeiii and Ashworth IW) B 

dogs CY,ngi «t al. IWIi Fish «C all 1965; Dunhar And 
Fottyl L9H5: lmamuru et al. I9H6: J mu mum et aL 

1999). primates (Adamson cE at. 1970j Bridges ci al B 
IV6X). lubsLers (lams and ffarron 1988)+ Ghmcl eat- 
FLsh (Squibb el al. ]9XX) h and rainbow trout (Kleinow 
and Lech I^SXj. A promising method for detecting 
violative levels ofsulfadimethoxine residues in ehunnei 
catfish has also been reported (Walker and Barker 

11991), 

.Nulfnnu'lhiwim-1 Sulfadimidine I, Thechcmkal struc¬ 
ture of sullamediuzme (vulfadimidineP i.v sbowu in fig. 
40.4. Sulfamethazine, like many sulfonamides, has been 
utilized for in v<;icrin$ry nupdicineL hence, the 

veterinary btendR emtaint many repcirts do hi usage 

in a wide variety of animal*, including cattle, horses, 
*winc F poultry, small ruminants, and rabbit* (among 
oLhersjL Table 40.4 summarizes some O'f the pfaaniiiico^ 

Idoedc pnatoten of sulfuDCthukK in aramib* 
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S-ulfam^chazine has been uLi lized extensively in cat¬ 
tle urad vwine fur a number of years. Sulfamethazinc 
has been formulated for use in the* drinking wider 
(Church m al, 1479) And ^ a feed uddilivt* an 
eMcnded-release bolus, and an TV preparation. SuU 
lamelhazine has been miufceted hv itself and in combi- 

'* wr 

nalinn with nther antimicrobials, such as other sulfon¬ 
amides. tylosin. chlorttlrcicydine. and procaine 
penicillin O. The basic phanucddDdlc parameters. of 
sulfumethazine in caltlc have been reported hy Bevill cl 
al. 11977a i and Nttrwi el at. (I C JWSk among many oth¬ 
ers. Of particular inltRrsL jirt ibe oral fortU of sul- 
ftmcihaglw that have been formulated in eMciwkd 
telcasc (mUumkrekaAc) form for ante, Several 
report on the efficacy aod clinical uses of the 

cTtendcd-rclea.se form of sulfamethazine in cattle arc 
available (Clark et al. 196ft; Ellison ci al. I9ft7: Miller 
et al. L9ft9: Carlson el al. 1976). Ibis Hus4flincd-rclca.sc 
formulation has been reported lo achieve Iherapculic 
blood lewis 0-C-- 54> |ig/'mLl! within 6-12 hours after 
cnl adinmisrratii*! and to maintain or fluted lhal level 
for 2-5 days after dosing. The sus1flined rdca.se funmo- 
lution of sulfamethazine lias been reported lo be highly 
efficacious in the treatment of shipping lever pneumo¬ 
nia. -Jiphil-. i:.i l and pneumonia in cattle (Carlson et al. 
197b, CLi/k ei at. I9hftji e CtapoutoC of s|L|fan>Fdta?aflC 
and i1.\ mctahnliles in gatlle jure age and dewe dependent 
I.Nnuws et flJ. 1986a; Lflpka et al. l9H(i; Nbuws cl al. 

jy«5; Nouw el al. 1983). Several metabolites of ttdh 
famechazLne have been identi f ied and described in both 
uduit cattle and calves (Nnwi el ak I988ek 
The pharmacokinetic* of sulfamethazine and its 

met4tMites are of particular interest in iwiue. Sulfon¬ 
amides had been one uf the most common causes of 

foodhreskhie vMidoni reported by the US hood Safely 

Inspection Service, with swine being Ihe food-animal 
species with (he greatest number of residue violations 
(Sweeney el al. II993k Sulfamethazine and its metabo¬ 
lites are most often associated wtfifa vkiUhe levels in 
p*»rfc produces because of sulfiimethsizine"* widespread 
use fls a swine feed addiiivc. Sulfamethazine has been 
used extensively in treat a hem of susceptible microbial 
infections in swine, including. SuStHrmelld i \jfjAmui 
(Fumicfc and Clander l'9®7)i and BtirticirHu hrwi- 
Mttptica iKtiMund et al. 1984k Pfainucokinette 
parameters have been described by Sweeney ei a L 
(1993) and others (see Table 40.4k including its 
mctuboliCcH (Nouwset ill. 1989a: Nouwstl al. I986b>. 
Several studies have used radiolabeled (Mitchell ci al. 
IW; Mitc hell and Paulson 1986 1 and nonradiolabeled 
(Biehl et al. I98L; Ashworth ct al. 198ft j sulfa¬ 
methazine lo determine die elimination paltemb of sul¬ 
famethazine and its meLaboliten from the tissues in 
swine. Other studies have shown that the major 
ntel-iibntofev pp-tduccd fmm siilfiuneihazinc meLabnlism 
in swine are sulfamethazine 4 parent compoundk N a - 
aeelylsulfanu;lhazinc 1 N -glucose conjugate of sul¬ 
famethazine, and desamiiiusulfumelhLLZine (Mitehell el 
a I. 198ft). Studies using; pigs ted lid ppm of '^-sul¬ 
famethazine in the fevd for 3 -7 day*, euthanized, and 


their lissucs examined for tmfli rtdkttCliVBiy And 
metabolite content found ihe highest concentration nf 
radioactivity in the gut (undigested feedi Blood, kid- 
ite> B urine. and liver all hud high concentrations of 

ndkMdmty (ijt B parent compound and metabolite k 
Adipose tissue contained the least amount of ndfanc- 
livity of all tissues assayed (Mitehell et all. 1986). Spe¬ 
cific metabolites found in these and other lissucs of 
swine given T-kbded sulfamethazine in ihe feed 

have heen reported b> Mitchell and Pauhofi 0986k 

Other studies have also reported on sulfamethazine 
residues m swine i Ashworth el -al. 19K6; Biehl ci al. 

198 Ik 

CuLLle iind swine are the two major species in which 
MilfemeLha/iiK* is Approved for UK. llicre are fewer 
reports on the diAlcal use sif sulfumethazi™: in other 
domestic animals. Pharmitcukinetie psiriuibcters iUHl/or 
tissue-deplclion kinetics of nlfirvKiAuln and 
metabolites have been esiahlisbcd in ptwiic* (WilsNd 
flL IW; Nouws et al. 19H7I And horses. (Nqpwi et al. 
I98S*). Studies have focused on the ptuirmnLokinetu: 
paraniLicrs nf sulffliiimidlnc in goals (Abdullah and 
Bapjot I9H8; Witcampet al. 1992; Nouwseiak 1989b; 
ELshcikh el al. 1991; Youvrff et al. I9K|; van Oughet 
al. I9H4- Witcamp et al. 1993: Nouws ec al. 198Kb), 
jjB-eep (Sriwtavi hiinJ Rtunpul 1990; B^iume ti al. 
1977; BeviH et «L 1977c; Bulgln rt iJ. iwi; Naw U * 

and Nawaz 1983), dng.s. ^Riffol et al. 19K2), chickens 
(RLghter el al. 1971: Nuuws ct al. L9H8a: Gorcn el al. 
|9fi7) fc rabbils (IhttO And Fang 1990k mice (Lktkflekl 
et iik 1989), buffalo (Singh el aL 1988k caroeli 

(Younan cg al B 1989 k m4 carp ;UhJ rainbc'rw- ifmu \ym 

Ginnckin m al, 1991), 

A recent rtpot by Luhev et al. (19951 deHcribcd 
altered ph$irnkK;k^ki ru^Lic^ m r-iKMurs treated w ith a sin» 

glc iO mg/kg IV do^z of HulfadiiniLlinc only or TV *u|- 
fudimidine after twc» weeks of four 3.5 mg/kg. \utkzula- 
neous (SC) lestosteronc treatmenls. btormal and 
casLraled roosters provided nc> signi fit-nil differences an 
if,, values* wbkfa ranged fn™ 7,62 hurun. (castrated) lo 
9.38 hours (intact k Roosters preircatcd with le^ios- 

teronc and. then dosed wills s-iilfediniicii nc had fl t r 
value of 23.85 hours, as well as signilkantly dcerea.Hc"d 
CJ U ajfed V_ t values. Chickens- meLabulize sulfadimi- 

H JjTi al 

diih; in relatively equal pan% through hydrosyhnion und 
aceiylapufli. Ii was hypothesized in this study that the 
aocly laiicm paihway of sulladimkline metabolism was 
retarded by the tesLostertane treiilments and resulted in 
ehe prolonged half-lives. 

Sulfaquinoxiiline. The chemical sJnjclurc (d sul- 
fiiquinoxiilme is shown in Hg. 4t>.3. S-iilfaquinoAaliiw? 
has primarily been Utilized in poultry for control of 
cnccidia and some susceptible bacterial diseases. The 
veterinary literature Also contains a few reports of Mit- 
fflqumosuiJsne use in rabbits (Eippel amd ITiicssen 1984; 
Joyner et al. 1983) and canines (Brown Cl ill. 1982; PW- 
tervon and Gredn 1975}. 

Sulfamumixaline almte irf in uLKinhination with a 
diamimipyrimidine has been used extensively to con- 
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trol eoccidiosis in poultry in the United Sun. Mai his 

and McDougald (I9S4) described chc therapeuticeffix- 

thtUKU u-f HlftquilMuUre and sulfiiquiimxalinc- 
pyriimhiiiine against several species of Eimerm ooc- 
ciduL. It nito determined from thai study Lhui l^oth 

sulfiiquinnxnliiiHr ami sulfuquinoxulme-pyrimcthaminc 
were highly efliNtm against E. d»rwbu but lets 
effective against K feneltu. In addition, the ptitentliied 

mixture was determined tn be ram eftaive apint El 
tentiia Lhan tulfh^utKttililK alone, although neither 
mixture was found to he purlieu lari jr efflKtm ipiHt 
any eceal owidu. Amprnliuni was found to he eflka- 
ckmv against creil-dwtllfAg (emu of mcidii; hence 
amprolium has been combined with sulfuquinoiiiiliiirf: 
or Mill faqumoxalinc-pyrihivUi.i n i nc to enhance the 

spectrum of Activity. IneflbctivHHfl of BuUaqotncU' 

Jine-pyrimechamirlc ^gtfaul £ Httfib has Alsu been 
documented im WKtfber Study (Chapman 19890- under¬ 
lining tike iiikpuftaibcC of CGfTCCi CWddu species Lden- |. 
tifiolkm beftire instituting nticppctdiil therapy with : 

fllUiqili HMUr lht any Other sulfonamide. j 

Ranerjee ct al. (1974) reported that hens receiving 
27? mg/kg, PO once bad average mean peak Mood lev¬ 
els of I ft. I mjy'dL oF free drug 12 horn alter adminis¬ 
tration, with this level decreasing In 12.7 mg7dL hy 24 
hours. iB- | Cl mg/dL WM i-on .deleted ilk he Eherapeu.1i- 

cslly effective}. In that same study, -sulfaquimixaline 
was found in high concentrations in Lhe liver kidney. 
:ind cecum, with Che lowest eonoenlralions found in the 

yolk sir. - LUbd br.sm. A singLi <ira] d>: 3 s-c uf "S- labeled 

sulfaqumoxuline in I-week-old chicks showed rapid 
uptake from the gastrointestinal Loci and wide distri¬ 
bution throughout the body, including dotting of Che 

Mood-brain barrier. Al 0.5 hours afro- dosing, autoradi¬ 
ography shuwed that all tissues \ brain, lung, liver, kid¬ 
ney, fat, and muscle) except lhe lens of the eye had 
mcnsur^hlcconceiitratinfkv of sulffaquimixaSme. Similar 
findings, resulted from IV administration of “S-kbdfid 
sn.iraquinmxali.ne. and it was tiu fioond that encretiofi 
of mlfiKjiriKMliiK by ihe bile and. secretion by the 
cecal mucosa, crop, and gizzard probably occur. Inter¬ 
estingly, oral dosing with sult'aquinoxalLnr of chickens 
w ith L. atrrvtf tour and E Jen cth increases lhe absorp¬ 
tion of die drug approximately 3J times over that 
found in uninfected birds (Williams et al. 1W!5), A 
sitkdy hy Qiao et al. (1949) found chat in 7- to H- week- 
old male and Female broilers given u. single 200 mg/kg 
oral chose of sulfaquiuoxalme. peak concenttuLion times 

in plasma and liver were similar (4 hrl bui were longer 
in the heart, kidney, and muscle (6 hr}.. The half-life of 
sultaquinuxalme was Lhe shortest in lhe muscle (4,3 


hn. u iih significantly lunger half-lives in the heart f MJ 
hr), plasma (11 hr) P liver (13 hr), and kidney (18 hr), 

The safety and efllcaey of sulfaqui nnxalane alone nr 
Ln combination with mmeihnpfini (trinaeshopnm:sul” 
faqumoxaline = 1:3) hate been reported in poultry 

( While and Williams 1983; FittCj m al. 1984; Salra- 
hury 1988), A total dose of 3# mg/kg/day PO utirivc- 

loril) controlled experimentally induced culheptieemia 
and paslcurcll(»is in addition 1o 5 species of coccidiij 
(White and Williams 1983). A wide margin of safety 
has been shown far the 1:3 ComUntiH uf trimetin- 

pnm:sju.lfaquinoxaline in piKihry. jdtimigh doomed 
uppt'titc and water consumption and kiwered egg pro¬ 
duction. egg weight, and hawhabiliiy were noted when 

Hh 1 ^.' antUFiicrsihials were iibcoqptii^ited in the Feed or 
waicj in higher than recommended cam:cnlrations 
(Hieiry el al L9B4L 

E'o.sicosis 1mm sulfoiquinoxalme us* hi animal* IfcL* 
been inireqienlly reported. Tnucity from aul 
faqdnKkulme has occuired in Leghorn chkfcctt (Diafr 
Ct al r I9K9}, where a mortality of 47% was reported in 
a tommLTCiafc flock given! a ftOS% coiiccntriU hm of 
iulfaquinasaline in lhe feed. Lesions included mildly 
enlarged livers; swollen and pale livers: hemorrhages 
on the epicardaum, kidney, oviduct, small tetcstliie. 
and cecum: pile bare nurvw; ud |ugRnw der- 

uuiiiis; 4iikd some lung Inrwlvement wi* pvneol. P«t- 
Lervon and Cremi ( 1975)repotted a situation where 17 
aduli Miniature Poodles that revived 3 r jft g/L of seb 
fkgalooulire in lhe drinking wttet is tmtnenlt For 
cnccidiLPsin suffered similar lesions a^ described 
above in poultry^ in addition In depressed body lem- 
peraiure, pale mucous membranes, micruscopic hem¬ 
orrhages of the jejunum and ileum, and proLungcU 
pnslhmmbm limes ItefttflKAl with vitllVtjfl K wa* 
effkwouB. in all dL?gs treated, a It hough the exact 
■ncehanism ha.% run been reined, sulfaquinoxaSme 
pOWHH an abiliLy io produce a marked hypothrom- 
biKTiiif even in animals receiving balanced diet* 
cojitalning adequate amounts of vitamin K. Il is 
thought that Ihis adverse effect is mrf related lo tlbe 
individual sulfonamide or quinoxuline portion of the 
iilllaquinoxiilinri 1 muJecule bul occurs only when tlw 
two entities are ctxnbfred. A iirnilar toskodri Ii;l\ jIsl^ 
been reported in coyote pups treated witii mjI- 
fAqumondUK (Brown ct: aL 1982), 


Sulfau 


LeirajEiiiic H The chemical BHucture of sutfamer- 


ulne is. sluiwn En Fig. 40.ft. SutfuTKruHK has prima¬ 
rily been tililiwd in adult sheep and lamb* to (nit 
su%eeplible microbial infeetionx P Sulfameruzine 
has been used alone or Ln combination wiLh other 
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antibiotics- (tylosin) and crther sulionumides- (tid- 
rumcttia/ivK 1 '. sulfadiazine). 

The pbjtmiacoluiietia of suIfSamenzine has been 

de&Cfibed for evrtv and lamhs. Bityaahi et al. (1979) 

described the pharmacokinetic* of sulfanKradne in 

nres dosed IV or PQ with 307 mg/kg. ]ni the IV 
studies, the V wu 0.266 LAg, and the half-life caku- 
teled m be 2,55 hours.. The biological half-life was 

determined to he 6.6 hours. For the oral study, the 
bicjtavailubilily of sulfamenujane administered as a 
12.5% oral solution 'Was 81 ± 19%. Urinary concentra¬ 
tions of parent compound and metabolites were iho 
reported for berth IV- and PO-dosing studies. Both 
route produced appreciable concentrations of suLEa- 
merazlne and I hire metabolites in the mine (described 
as aceflylsulhiinrieraziiie, “‘polar^ metabolite. and third 
metabolite as determined by thin-layer chromatogra¬ 
phy ) H IV sulfaineraiine produced more parent com¬ 
pound jn ihe urine chan did ihe PO route (31% ¥s. 
21%).. and more polar metabolite was produced via the 
PO route than via the IV route (19% ys. 10%). More 
parent Compound was found in Lhe IV study due Co lack 
of rumen meCabohsm* while more metabolite than jpar- 
eni compound was found in the PO study due to rumen 
metabolism. In a similar pharmacokinetic sLidy. 
Gnrwacki ec al. (1991) administered Crtl mg/kg sulfa- 
mcriziaae IV in lasted sheep and in sheep fed ad libi¬ 
tum. Thm study determined that sheep fed ad libitum 

had a hulfamerazme ^ of 5.72 hews and a V d of 0.40 
lAg, while those sheep that were fasted had a i |( , of 
6.91 hours and a V d of 0,41 17kg. The authors proposed 

that since siilfamerazine is an acidic drug (pK a = 7), it 
preferred the ruminal pi I environment i n lhe failed 
state, and hence a reservoir of drug was established m 
the rumen that resulted in the prolonged llalf-life. 

The pharmacndtinetics id" sulfunwrymne has hIsep 

been reported in neonatal and young lambs iDchacker 
Ct al, 1982). Lamhs from birth to 16 weeks of age were 
dewed either IV or PO with. ICK'i mg/kg of HiLll'amer- 
surinc. In the IV study, it was found that the sulfarncr- 
azint half-life was longest in the first week of life 
(9-14 how) and decreased to 4-7 hours by 9-16 
weeks of age. Likewise V d was highesi: during the first 
week of life and steadily decreased with age, while 
clearance of sulfamerazine w as lowest in the tlrsL week 
of life (20-40 mLAg/hr) and steadily increased with 
age up to 9-16 weeks of age (50-30 mLAg/hr). In the 
iif;il study, plasma concentrations of snlr'amcra/inc 
tended to decrease more slowly alter dosing i n Ihe early 
weeks of life (<4 weeks of age), with plasma clearance 
of the drug steadily increasing after 4 weeks of age 
until L-6 weeks, when al approached the adult values. 

Siplf»iltia3tife- The chemical structure of sulfeifenzoic 
is shown in Fig, 4D_7. S-uifathiazole has been used in 
veterinary medicine since its synthesis (Koritz ct id. 
1977), but today it is formulated in combination with 
ehlortetmcycline HCI and procaine penicillin G, Few 
recent reports- are uvtiUble on its u« tiftd thu* earlier 
editions of dlls Levi should be consulBcd for more 
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devils. A few reports have described the phiunucokj- 
nelics of soilfyjHii&zote in sheep and swine. 

Sulfaifuazole pharmacokinetics in sheep has been 
outlined by Kuril/ ei al. (1977). and sulfiithia/ole tissue 

residues in sheep haw been described by Bevjll ct ak 
(1977b), When 36 or 72 mgykgof 5% aqueous solution 
of sulfathBa?ole sodium IV was given to ewe bunhs. it 
denied quickly from the plasma, having V, values of 
0.34 and 0.59 LAg and half-lives of 1.2 and 1.4 hours, 
respectively. Ewes given 214 mg/kg orally of u 12.5% 


aqueous solution of sulfaihiazolte sodium ckared the 
drug from pLatma much mm slowly than by the IV 

route, with Ihe systemic bio avail ability being approx i- 

wiih a half-life of approxi 
Both FO and IV mules resulted in parent compound 

accompanied by aceryteutfathiawlte anil a third rf po!lar" 

metabolite in the urine oF these dieep. In the study by 
Bev ill et al. (1977b), sheep given [V doses of 36 mg/kg 
suLCaLhuL/ole sodium had a lower mean V, value than 

the 72 mg/kg dose (01389 LAg),. bul a comp arable half- 

life to thal found by Kuril/ (l.l hour>). Sidfathiaznlc 
residues in sheep 2 boons after in 72 mgAg IV do*# were 
also determined, w ith the highest conccntraikroofdnig 
found in Ihe kidney (3DK ppmi, followed by the liver(40 
ppm), heart (34 ppm}, shoulder muscle (23 ppm). leg 
and loin muscle (22 ppnn.l, body iul (91 ppm l and 
omenial fat (6.7 ppm). Residues quickly dropped to 

very low (■<(). 13 ppm) of to nondetectabte levels by 24 
hours after dosing in nil tissues tested 
Pharmacokinetic parameters have also been reported 
for swine. Pigs given 72 mg/kg of suHathiaxole sodium 
IV had quick plasma elimination of the drug, with 
mean V d of 0.54 LAg and a biological half-life of 1-39 
hours, similar io those for sheep. Given 214 mg/kg 
orally. sulfathiar.ole had a V, of 0.32 LAg and a s-ys- 
tennic bnoivlibbility of 73 c v, identical U> that of sheep. 


match ll rusiiir^. 


mate I y 73% P 


Sttl Fii*4ilu/liw (SatfeyfeMsiilfepyridinek The chemi¬ 
cal stnueiure of s.ulfasala/ine is shown i n Fig. 40,$- Sul- 
fasata/ane was originally developed as a possible treat¬ 
ment for Thcumutoid arthriLis in humans. It wiis found, 
however, to be more effective in the treatiiteni of 
inflammatory bowel disease. Few reports arc available 
in the veterinary literature on ihe pharmacokinetics and 
use of sulfasalazine in animals. Ii has been used with, 
some success in some animals (nruunly di^gs) to I real 
vanous lomris of colitis * Aronsun and Kirk 1983), 
Many forms of inllammatory bowel diseases (most 

conmonly ukeraiive colitis 4dhj Crohn's disease) have 

been treated with ^ullasala/mc an humans. 
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ll is Usually found m llkr potentiated form with 
trimethoprim and m*y be combined with other anluni- 
cfohWs such as sulfamethazine,. sulfama^Jnt, and 
tylmm for use in food-producing animals, The 
inmc^huprim-sulfadiazine combination f I MS) in a I :_S 
raliu wit 1 1 Hand tu he clinically usei ul in dogs and cats 
against a wide variety of pathogens, in particular 
SiaphykH*K*t& spp,. StrrptoCticcus sp|i.. Cafyntbac* 
terinm spp., CfnMridUm spp_, and several gram-nega- 

tis.-c organism*, such as Pmtrm spp., Stdmtmella spp.. 
ftostesiwlta *pp.. and Ktebfieiia spp_. among many oth¬ 
ers (Cannon I97fi; McCaig 197ft Craig and White 

1976), Toxicol ogle studies confirmed its safety in both 
dogs and cats (Craig and While 1976). In the Craig and 
White study, dogs were dosed with up to 3CK) 
mg/kg/day orally 110 times the normal dose) of TMS 
for a* long a* 20 days with no abnormal clinical signs 

or blood or serum dieminry abnomuliiieK repented. 
Cats were dosed with 30-30(1 mg/kg/day orally for 
10-30 days and were mure sensitive 1o the TMS com¬ 
bination. The cals receiving the 3411 mg/kg dose 
shvwed *igns of lethargy, anorexia. anemia, leukope¬ 
nia, andi altered blood urea nitrogen i BL N;l Despite 
these alteration*, both dogs and carte have u w ide mar- 

gin of safety when administered TMS.. 

TMS combination^ have been used io (real urinary 
Lract infections in dogs and cals (Ling ct at. 1984). 
I MS has been shown lo be effective in treati ng uri nary 
tract infections caused by Siaphylocac-csis intermedins 
rfumwaid cl aJ. 1986) as well as the more common 
pathogens such us t. calf, ftntau miruMis, Klehxieiltr 
pfmtmamat, and Streptococcus spp. (Ling and Ruby- 
1979, Mag ei al. 1984). Beagle dogs mated with 40 
mg:21)0 mg TMS or that dose divided inLu two were 
found Lo have high concenLrjLiniiH of both sulfadiazine 
and trimethoprim in Lheir urine that greatly exceeded 

the MIC values far most susceptible pathogens (Sigcl 

et ah 1981), 

(n addition to being of value in Creating urinary tract 
infection*, TMS has also demonstrated usefulness in 
the treatment of many bacterial skin diteaxeis. Success 
rates of 90% ( skin diseases either cured or improved ) in 

bacteiiid skin infections, foot infeciicsits» interdigiuil 

abbccsics-, anal abscesses, and infections of Lbe eye, 
car, and month in dogs have been reported.. A similar 
success rale was reported in cats (89%) with bites and 
other infections. An tfvefiilI success rate of 85% was 
reported h dugs and cuts treated with a TMS combina¬ 
tion for microbial diseases involving the alimentary„ 
respiratory, urogenital, skin, and other systems (Crag 
L9T2). Dogs administered 3<) mg/kg of I MS orally at 
12- or 24-hour intervals w ere found to attain therapeu¬ 
tically useful concentrations of both Lriaiiethoprini and 
sulfadiazine in ihe skin (Pohlenz-Zefliclhe et al. 1992). 

Su lfadiazine has also demonstrated an ability to can- 
util plaque and gmghiiri in Beagles (Howell ei al. 
1989) and has attained concentrations in the cere¬ 
brospinal fluid (when udmioisieral IV) above the 
reported MIC values for many of (he Enterohacten- 
fljceac family SVcrgin et ul. 1984). TMS has alia been 




reported to be of potential therapeutic use in eases of 
Streptococcus zaoepkiemicia (McCandtish and 

Thompson 1979 1 and ft&rdtittla brmchiswpiicii ( Pow¬ 
ers ei al 1980) in dogs and in ocular infections (Sigel 
et al 1981). 

Sulfadiazine pharmacokinetics in dog presoates has 
also been reported (ftnbh et al„ 1971). In that study, sul¬ 
fadiazine (a weak add) was found to penetrate the 
prostate to approximately 11% that of the mean plasma 
concern: ration. The pmaruiiiun abilities of other *ulfnn- 
amides (including sulfadiazine) arc strongly pK 
dependent, with those sulfonamides with higher pK 

values penetrating at accelerated races, Trimethoprim (a 
weak hue with a pK of 7.3) penetrated Ihe prosiatk 
environment at a concent rat km 380% higher chan lhal 
of plasma. 

TMS ha* I mu nil similar uses m the treatment of sus¬ 
ceptible microbial infection* in cattle (Slaughter 1972). 
No difference in trimethoprim or sulfadiodne concen¬ 
tration* in the synovial fluid of normal neonatal calve* 
administered TMS IV or in tho>e calves with experi¬ 
mental ly induced synovitis has been demonstrated 
(Shoal 7 et al. 1986). The pharmacokinetic* of sulfadi¬ 
azine and srimethopritti has been studied extensively in 

calves and in cattle (see Tables 40,5 and 49,61 Age and 
diet can markedly aJfect trimethoprim and oral sulfadi¬ 
azine dispositkin in calves (Guard et al. 1986; Shoal'd 
al. 1987). Orally administered sulfadiazine (30 mg/kg) 
was absorbed very slowly in those calves fed milk 
diets, with absorption slightly higher in ruminating 
calves. Calves given sulfadiazine subcutaneously (30 
tng/kg) had a rapid ibsOipckm of the dmg; age and did 
had no eilT-eet on sulfadiazine or trimethoprim dispovi- 
tiun in those ad ves (Shoal ct al. 1987.1. In anodier study 
by Guard d al. (1986), calves- 1 day of age showed 
higher *enirn and *ynoviai fluid cuncentralions of 
Lninechopriiii and sulfiulia/.iiw Lhun did caries of 1 
week Of 6 weeks of age, Sulfadiazine is aceLy luted to a 
gfltisi degree id Calves and cows, with lower Concentra¬ 
tions- of the 4-hydroxysulfadiazine being otnciwd and 
with no glucuronitk or S-hydroxy derivatives detected 
in Lhis spades (.Nuuw* et al. 1988c:). TMS cortceulns- 
tiortS can iiLsli he i.:-hl;iiiw_>l in the ew^broHpdna] fluid of 

neonatal curies (Shoal ct uL 1989). A phunnucokineLic 
model has- been devdoped for determining the metu- 

bolic depletbon of sulUiszine i Woolly end Slgd 



Sulfadiazine"* use has also been reported in pig* 
(Soli et al. 1991); Ciuise et al 1986), carp (Nouw s el al. 
I W3), ewes (Yoossef ct at. 1981), and horses I Whi te 
and Prior 3982; Divers el al. 1981: Berlone et al. 3988k 
I riinethoprim (8 img/kg)'^llfadiaziiic (40 mg/kg) wa* 
adniiniitered utally Do pigs n> determine bioavailahility 
and other phannacatkinctk parametert. Bioavailabilily 
of sulfadiazine was 89% and 85% in lasted and fed 
pig*, respectively, while Ihe trimethoprim resulted in 
biraviiilabilities of 90% and 92%. After IV iwIcmniMra- 
timn of trimethoprim i4 mg/kg )-sulfadiazine (20 
mg/kg), sulfad iazine was delectable ill pla^ntii up to 30 
hours after admtaislraiion. while the Lrimelhoprim wa* 
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of urinary iract infections in the dog and cat, especially 
infections caused by E. coIL Proteus vnJjvurf*. 
fisfwkmofW aentgintm. and some gram-push ive 

cocci (Btvill 19hW). The phanluicukineiic^uf sidfixoic- 

fczdIc has been studied in -dogs. swine, and humans 
{Sutler et al. I$61)it well as Its delivery won tl»e *kin 
□sing htunpbortth t Inada et al. 198S). 


SuIfac1 1 harpyr. The chcnkal structure of sul- 
fcu”hLorpyriduHiw is shown in Fig. 40.11 Hants ifltfu- 
venouly given 5 ingAg trimethoprim and 25 mgAs 
sulfachknpyridannc revealed un diffli ration of 2JT 
hours (tri a et h opnin) -and 3.78 hours tsuifacblurpyri- 
dfldfH} and a V &%mJtsWr| of I jl L/kg (LnmcChoprim) 
and 0.2-6 1 Ap i sul fBchLurpyriduj!irijc k UiouyailubiliLy of 

Lhe hujnt: dnsu- nl KulfachlLwpyiida^.iiw in a [Kswder Ilw- 
mu lath mi adiiiiiiisi^Ti^d iii die feed was about 46%. 


In t mg ti ogiy t oral absorption appeared lo be delayed. 

with llte 5 pMI (H*ak appearing 3 hour after -dosing and 
the second appearing B-IQ hours pnstdosinp. Dual 
absorption peaks u-ere not found after nasogastric 
udministralion. ITus ph fcd dattaWM nuiy he due to i 
number of wm. nidi as difference* in [he time span 
of drug udminislration, physical barriers from the feed, 
twpbasic gastric emptying, or rcarculatkin/reabsorp- 
tion of the drugs excreted In the bile- ll was tit* authors' 
Contention that the physical presentation < formulation) 
of the drug was likely she cause of the two absorption 
peaks (vim Duijkwne el aL 1995), 

Sulfachlorpyridazine is rapidly eliminated front llte 
plasma following IV udmini stralicuu Intramuscular 
injections in swine resull in maximum Hood OHHd- 
traliuns within M I minutes after injection, which arc 
ihainiain&d for up io .1 hour* tBcvill I9HH). A single 50 
nig/kg IV dose of sulfochlorpyridUizine de-monslraLfd 
significunlly dilTen-n[ V t ill cods {034 E Agl ver¬ 
sus hems (0.36 LAgi. wm tile ndfimantide being nxn 
slowly excreted in hens 11-ashes 1 ct al. 1995 k 

The pharmacokinetics of sulfachlorpyriduine after 
oral and intracunliac administrations has ;l|.mi bwii 


described in the channel curfixh {Irtviufux /tant-wfliv}, 
and the drug has been found to have a potential use in 

aquiuL-uliUTC (Atari ei al. 199.1). 


Other Siitfnuaiudes. This chapLcr has discussed the 
major sulfonamides in use in veterinary medicine 

[Liday. However, odw Bilfawntto do nisi ehac are 
nol currently or arc no longer used in she US markets. 
Oilier sulfonamides that may be of interest include sul- 
fadimeilhULypyrimidine SWalker and Williams 1972k 
sulfusomidiiH! and sulf-umethomidine (Bridges et al. 
1969), sullaniethoxypyrida.riiii; (Garg and Uppal 
1997), bull'amethoxydiaEine (WdjlkaPEip at -nl. 1994), 
and sulfanipethylpheria^ole (Austin and Kelly l%f \y, 
Su1f^iinelho^iibe--su]f-aiibelhf.ixa/oLe use in healthy and 
pOCUttfldc al. I99J), . tfifnetiioprifn- 

sulfunjeihiixa/ole in goats Skids* (Koudcla and Bokova 
1997), and Lriniethoprim-sulfamclhnxajolc combina- 
lions in Japanese quails iLashev and Mituulov 1994) 
have also been reported. Previous editions of this cexc- 
hnolc or ehc individual references Listed above may he 
consulted for more in-depth information on the older 
and less commonly used sulfonamides not discussed in 
ihi* chapter. 


FCJTtNTlATKD SULFONAMIDES. Ihe combina¬ 
tion of sulfonamides wilh other antimicrobial dmgv 
(notf commonly irimethopom) has been repeatedly 
shown to he therapeutically useful in tre-uling vutcri- 
nary microbiu.1 mfectiuns in both small and huge ani¬ 
mals. These ooaMai ton were disentaed uadcr the 
individual drug sections ibove. SulfuiUimide und 
mmerhLrprim eombination^ have been reviewed in 



in the I99K L"SPD[ monugruph on this rnbjccL .An 
HtCDHVB review <tf buDdhoprin^iilItU^ i^imbi® 

tudocu in the bone 8s- «l^i mlbMe (Vscn nitijkem cc 
dL 1994b). Combinations of a sulfonamide wiih 
trimethoprim j Z^-dbraim 5-0,43 -triieethoflybeacyl) 
pyrimidi ne i, aditsppri m i 2,4-diitmino- 5-14-( d i niMeihy- 
LsmtfflO)-3,5-dimeihri^ybazyl] pyrinidi nc k omictcv- 
prim (2.4-diuminn-5- 14 ^-dunethosy-S-melhylbenzyl ] 
pynuudirick Of tetniopcilfi (2,4-diuinino-5-13,5- 
jinieihoxy-dil-mechoxy ethoxy Jhen^y I ] pyrimidine!, 
among mhers. are commonly termed "piitentiatcd sul- 
feminida." 17ie chemical structures of trimethoprim 
4Ltul ofmct-nprini arc shsm-u in Figs. 40.14 and 4C1-.I5. 
IVuciuiiLted sulfonamidfs have the desirable property 
of reducing, by several-fold, the MIC of both the sul¬ 
fonamide and the diaminupyTivmdine against u wide 
range of pathogenic organisms. Lowered MIL'S needed 
to control infections result in small doso of drugs used 
in each animal and Lhereby a raJucliun in the total dw 
ui drug administered to ihc animal i Craig 1972). 

MfdiiniiHtt of Art ton. As seen in Fig. 40.2* die syn¬ 
thesis of dthydrofotic un id from PABA is Mocked by 
-Competitive inhibition of PABA with a sulfonamide. 
Triiikcihnprim and other diaminopyrimidine analogs 
block the synthesis of tctnhydkofotic acid from dihy- 
drofbttc add by cocnpetidw inhihirwin of dibydlnftihk 

wdurtlMr Trimethoprim and sulfonamides, each used 
separately, are harterinslatie. By blocking both steps of 
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FIG. 40.14—■'ffi mcdwpri in 
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folic acid metabolifim, the oombinivLion becomes bnjcEc- 
ncklal and increases flJie spectfuiti of wlimicfubiiil 

activity. Bfllh mamnals and bacteria u*e dihydrofftlaie 
reducia.se in folic acid metebolie parkways. However, 

trimethoprim and the other diaminapyrimidine analogs 
have a very low affinity for the cnr.ymc in mammals 
tend prcfcrcmdiJIy inhibit to- a great extern the bade rial 

form of ihe enzyme at fwrmal therapeutic doses, 

A hsorpt ion. Distribution. M rLahoEis m. K xcre- 

lion. Trimethoprim h a lipid-soluhle organic base lhal 
disuihules lo most linsuHoflhe body Lind tends, to con¬ 
centrate in tissues with a greater aridity than plasma 


ie.p. B prusUc). Metabolism is by Oxidation and conju¬ 
gation reactions in Elbe liver. Both parentcompound and 
metabolites arc excreted in the urine. AdUoprim has 
pharmacokinetic advantages over trimethoprim in Lhat 
ie has a larger knf£f r^. and overall helicr tissue 
penetration, 


Clinical Ises and rtuimsaeokiiwiics. The diaminerpy- 
rimidines are most commonly u^ed in oonjunctnn u 



sulfonamides to increase the antimicrobial spec e rum of 
activity; rarely are they used alone in veterinary ther¬ 
apy due to She quick development of bacterial resist¬ 
ance. The therapeutic uses of trimethoprim and the 
other diummtipyriilftidine analog? have been discussed 

with she individual sulfonamide?- they are uwd with in 
previous sections of Lhts chapter and will not be cov¬ 
ered in great detail here. except to delineate Mime of 
their general pharmucolkinelic properties in animals. 

The pharmLK;l>kine[k , paianKtcfs of trimethoprim and 

Other JiLuniilL^ymliidincN b&ve been established for 
SOme species and sire listed in fables 40.fr and 40.7. 

Readers requiring more information on specific 
properties of these djarninopyrimidincs ihcutld consult 
Asealnne et al. 19H6, Mengelcrs et aL. 19*K), Lohuis el 


□I. 1992, Sutter ce al. 1993. Wilson et aL 1987, Brown 


et al. IW. Ivcrsen et al. 1984, Vergan ct al. 1984, cw 

Aschhulf 1979. 


RESIDUES IN FOOD ANIMALS. Tissue residues 

from sulfonamide use in food-producing animats arc a 
concern of both US government agencies and the end 
consumer^. The US Department of Agriculture iT'SDA) 


TABLE 40.7—Scnmc phavmncakinetic panimtiers of adiloprii 

in unimuh 


arvnetuprim. tctmxoprim, and mrliuprim 


Species 


Roue 

[LAji 

{ft 

(fnl/hrAgi 

Hrfepense 



Aditnprim: 




Calves (80 kg. milk fedj 

5.0 

IV 

1 <01.44 

13.0 

11.03 

Sutler et al. 1993 

Calves ( SI 1 kg, eurneiilmimJly ftd 1 

3.0 

IV 

9.72 

H.H- 

8.20 

Suiilt ee al. 1993 

Calves (160 kg, milk fed) 

5.0 

IV 

964 

10.7 

1147 

SiuliL-r pfc al. |993 

Calves (160 kg, eonveniiondly fed) 

5.0 

IV 

6.29 

8.B 

I0.29 

Sutler et al. 1993 

Calve* (210 kg. cotiwcntmudl^ fed) 

5,0 

IV 

7.16 

7.2 

13 75 

Sutler el *1- 1993 

Grivy (80 kg. milk fed) 

5.0 

PO 

NR 

11.6 

Nfc 

Sutler l'C aL 1993 

Calves (80 kg, -carmnAHmltyy fed I 

5,0 

PO 

m 

11,641 

NR 

Suiter el al. 1993 

Calves (160 kg, itnlk fed) 

5.0 

PO 

NR 

10.2 

Nk 

Sutter le al. 1993 

Calves (160 kg. Wi 

5,0 

PO 

NR 

NR 

NR 

Sutter d al 1993 

Calvus (210 kg, ciwvirnlKwiuJIy fed) 

10.-0 

PO 

NR 

16.6 

NR 

Sutler cg jl 9 993 

Diiry cowv (3-"? >t old) 

5,0 

IV 

6.28 

7,26 

S20.0 

Uhuis ct ni 1991 

Dairy boh (3-7 yr old, mammary 

5.0 

rv 

12.25 

about 7 hr 

1000.0 

LaAmk ct al. 1992 

e nidi lU Min? 









Omsrtopiim: 




Calves (6>8 isinulhs nldh 

3.5/17.5" 

IV 

1450 

L..37 

13.71 

Wilson ifE al. 1987 

Mas* 

9,2/45.8" 

TV 

1.66 

U9 

67 i .0 

Biwndal. 1989 



TrtmBtmim: 




Dngi 

5.0 

IV 

m 

545 

NK 

VcTgimi et al. 1984 



Miirkfrin: 




Dug* 

5.0 

rv 

NR 

3.07 

NK 

VurgLii . et al. 1984 


Noic: NR = nui reported; IV = iiitfa>eruHJsly; PO 

"First Jlimt i % Lri ii H.‘Lli>.ipin in: 

"One mare 



mi 1 . 
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has ben dwgDd with Ihe task of inspecting meat and 

poultry destined for Interstate sale. BoA iJht Federal 
ftisedkkle, Fwgkidft, and Rodeniicide Act of 1947 and 
this Taxis 5uM*n«£ Act authorise the US DA lotert (is¬ 


sues of animats for Unit 1 residues and to licGermine if 


those tissues me in violation of federal residue guide¬ 
lines. [n 1973, the Food Safety Inspection Service 
(FS1S) of the US DA established the National Residue 
Ikmjcniin h> he responsible for fUDrti-tOfiilg drag residues 
in animal tissues available for human CLmsunipnon 
(Bevill 1W»). FARAD (Food .Animal Residue Avoid- 

■ ■ a 

ance Databank), a computerized databank of scientific 
and regulatory data, is available bo assisl the veterinar¬ 
ian. producer. and other individuate m solving drug- and 
eheminl-flewidiK problems in fo«l'pfodiKi^g animate 
(Riviere el al, 1986) and also provide* some excellent 
detottiw methods for sulfonamides and metabolites 
( Sharm a cl al. 1976; Ajg antral 1W2 Jl 

Sulfonamide residues were a problem in (he United 
Stales for al least 25 years, having produced more 
drug-residue violations than any other drug, wilh the 
highest incidence -occurring in port followed by veal 
and poultry. Residues in animal tissues consumed by 
humans ire considered tu be potential health hazards io 

humans. Toxic or allergic reactiofii to the sulfonamide 
class of antimicrobials have been reported! in humans 
receiving ihcrapeutk doses of sulfanamides, However,, 
we are aware of no reports in the open literature about 
Km icily or other adverse reactions in humans consum¬ 
ing animal product! containing trace amounts of sul- 


fnnamides or als metabolites, These trace amounts of 
drug may select for drug resistance to sulfonamides, 
cupeeiiilly thenc hucieria in I he family FnlernbaeteTi- 
bccbc, although the problem of transfer of drug-resint- 


ant strains of bacteria from animate lo humans still 


needs further investigation (Bevill 1989), Recent evi¬ 
dence indicating that sidfouinub (in particular. sul- 

famcchu/ine} may be carcinogenic in humans consum¬ 
ing small amounts over king periods of time (based on 
in vivo rat and mouse data* has heightened the FSIS's 

concern for controlling sulfonamide residues in food 

animals (USDA 1988). 

The highest rate of sulfonamide-residue violations 
has historically occurred in swine. SidfamriJiazinc and 
sull alhiazolc are (he I wo UKrtl commonly used sulfon¬ 
amides in swine feeds, today. However, sulfiimetbaiiw 

is responsible for most of ihe sulfonamide-residLie vio¬ 
lations (97%) due to its mass incorporation in swine 
feeds and its longer half-life when compared! to that of 
sulfalhlazole (12.7 vs. 1.2 hr). The primary reasons for 
the occurrence of violative levels of sulfonamides in 


port were failure lo observe drug withdrawal time. 

improper feed mixing, and improper cleaning of feed- 
mixing equipment causing <\ crc ks- c on 1 a m i m l i c m of 
feed (Bevill 1984. I9S9) P During the laic 1970s, 13% 
of swine livens were found io be in violation of federal 
sulfonamide (issue coneenlralions. At (hai time the 
maximum amount of sulfonamide (parent compound) 
permitted in animal tissue was 0.1 ppm, with a 7-day 


withdrawal period. Drug manufacturer* ai this lime 
increased the withdrawal li me for sulfonamide* used in 


animal feed from 7 to 15 day*, and by 1980 , the viola¬ 
tion rate in liver tissue had fallen to 4 %, [n 19 * 7 . the 


rate was reported to he .1.*%- (Augsburg I9H9), with ik 
rate decreasing signilkanlly by ihe end oF the I99fk. 


In veid calves presented for slaughter, similar prob¬ 
lems with sulfamethazine residues. have been reported. 
Tllfi pffCVikMC rate of sulfurm-ihuzine violations, m 


veal calves was L9% in 1979 and 2.9% in I9SL Rea¬ 


sons for violations in this species include administering 
the drug to calves by individuals unaware of Ihe drug 
withdrawal Lime constraints,; unknowingly selling 
calves treated wnth sulfonamides, not following drug 
label directions, nnc seeking professional advice 
regarding drug use, and failing to maintain drug ute 
records (Bevill 19*9 ), 

More information shout residues in femd-produting 
animate is presented! in Chap. 5M of (his (eithook and 
also in previous editions. Several references are also 
available on this subject (Kwai and Miller 3992; 
Bevill 1914; Datvi I9SB- Rosenberg I9B$|. 
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organism. Newer agents have increasing resistance to p 
tactamues. For example, the eephamycins {laeFcmtin 
iuul eefoleian) are apparently stable to chromosomal I y 
mediated p laelaniiases, which may pve them Use it 
excellent activity against anaerobic gram-negative rods 
(Williams I9&7). 

Grom-negative bacteria con produce si cell wall with 

a modified tuner membrane that lstn> longer fKiiKibk 
io (3-lactam antibiotics, While this mechanism can 
enhance resistance produced by ihe elaboration of 0 
lactamase*, it i$ usually not sufficient in markedly 

increase resistance by itself. Finally, some bacteria 
have an intrinsic resistance In JJ lactam* because of 
reduced M’nsitivity of the penicillin -binding proteins 
and Failure of the drugs to inhibit the operative path¬ 
ways of cell wall formation. 


PENICILLINS 

Genmil PliarriiHi-uli^y; The imemacbfiaJ unit (IU> 
Few penicillin has been identified is the amount of 
activity present in 0.6 mg of the international pure crys¬ 
talline standard sodium salt of penicillin G; l mg con¬ 
tains 1667 Oxford units. The dose of more recent p-lac¬ 
tam antibiotics h expressed in milligrams per unit of 
body weight rather chan in international units. 

The essential penicillin molecule contains a Fused, 
ring system, the p-lacLmn ttiauflihliie (Rg. 41.1). The 
physical and chemical properties, especially solubili- 
ties, of pen killing arc related to the structure of the acyl 
side chain and the cations lived to form nlh- 

Hydrolysis is the main cause of penicillin degrada¬ 
tion and can lake place in Lhe syringe when penicillin is 
mixed with another drug. Some penicillins ore rapidly 

hydrolyzed by gjmric acid, maldog them unsuitable for 
oral :fcdminisifaiion r Aqueous solutions, of the alkaline 
sodium salts of sulfonamides inactivate penicillin. 
Penicillin in incompatible with heavy meUd ions, oxi¬ 
dizing agents, and strong concentrations of alcohol. 



M(i. ■!!.] t1n.-inK-.al slruLCiire cri perlicil: liras. 


There arc lour groups of penicillins (Table 43.1);! 

1. Natural penicillins i'e.g., penicillin G> are pro¬ 
duced by mold, cultures, then extracted and purified. 

2. Aimnopenicillins |c.g^ amoxicillin) are sembyih 
ihetic derivative* ihui have u free amino group ai, the a 
position at R on lhe penicillin nucleus. 

3. Ftfridllifia^-re^bl^ivt penicillins le.g., oxacillin, 
cloxacillin) have a ring structure attached to lhe car¬ 
bonyl carbon of the am Lie side chain. Substiluents on 
ihc ring protect the lactam ring from [\ lactamases. 

4. Fxlcnckd-spcctnum penicillins (e.g., ticarcilJin, 
eudbcniallin) have either a carboxylic add group or a 
baste group at the ft position art R, which gives these 
dungs a w icier sped mm of activity than the other three 
groups of penicillins. 

Mk-niisiiil Snsi-^ptihilily. The is alb ml penicillins, arc 

active against m any Strtptocvca spp. and non-pemcil- 
linase-pri-xlueing Smfjhylfjctwei spp. They arc active 
against some gram-positive and gram-negative bacilli, 
including Carynetwi'ieritom, IJsieria mtmacytagmeSt 
Ptisieimlla mitttocida. and Haejmephitux infhtxrrzae. 
‘Jtiese drugs are active against htuuy gRiitl-pOtfitivg arid 

gram-negative anaerobic bacteria, includim fiwdw- 

ttriurtt, Pfpwwriu, P^pitMtrtpw^fyecu^ and some 
strains of Baaemides and Ciasiridium. These drugs 
are also active against mosL spirochetes, including 
Leptospira and Borr&lia bw'pkHftri, Natural peni¬ 
cillins are inactive against most Entcr- 

obaeieriaecae, and penicillinase-pR^ducing StciphvUy- 

CWCU) spp. 

Annnopcmcillins ore generally active against Lhe 
microbes that are susceptible Ed natural penicillins. 

They are also active against some EnterebucieriaceteB 
including strains off £ evil, Pmrm mmMh, and Sul- 
jniNwfio. Aiti.inopenicLll.ins are inactive against 
PseitdtmwnaSn Buctertudes fragile and pcnicillinase- 
producing Staphylococcus spp. 

The penidllinase-resivlarit penicillins are active 
against many pmidllinasc-producing Sfaphyhtwrm 

spp. which are resistam io the natural penicillins and 
the aminnpenicillms. They also have some activity 
against other gram-positive and gram-negative bacteria 

and spirochetes, However, they are generally less effec¬ 
tive than the other penicillins, 

Rxlenikd-speeimm penicillins have tlw most activity 
against gram-negative aerobic and anaerobic bacteria 
of alJ of the penicillin groups. The drugs are active 


TABLE 41J—Penicillins 


Natural penicillins 

A uiittupeti tell kills 

PukillkuuMViiitflni 

penicillin?; 

EfJ.hTKJi.'d -speL'lruin 
pern kill ins 

Ptoki liin G 

Amoxicillin. 

CtexucaLlitl 

A/lneiUm 

ptflteiUrn V 

Arnpicilhn 

PicVncacjllin 

Cgfbenkillin 


HetKlhi 

Mcthjcitlbit 

Mezlocillin 



NafcMlin 

Piperacillin 



Oxacillin 

Tfeandtlia 
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TABLE 4L2—PhannHikliiatk paratten t?f selected penicillin# ini dwnestkr fipwta 


Drug 

Species 

v; 

imLfkgVmink 

h.lEnnuuriHxn 

hdf-life (hr) 

Reference 

frniciLliii G 

pop 

0.3 6 

3.fv 

tUO 

Haber 1SK 

1 sodium cir 

liurses 

0.6S 

S_3 

O.S£ 

Hubei 

pmasMunn 

Cade 



050 

Hiihcr Ii?IfS 

ProuttK 

Doft 

0.1 h 

3.0 

030 

Huber 108K 

penicillin G 

times 

QM 

14 

OM 

H u her 1 yiKH- 


Sheep 



1.42 

Huber l c m 

bcik^.jdune 

Honea 

QM 


OBft 

Haber IlStt 

pcniLitlin 

Sheep 

0.23 

I2.J 


thikewi.ni(H| *1 ly^tfcL 


Camels 

a. 3 ,S 

* r 9 


Oukessuu l1 al. IWtlb 

AininLiIJiiL 

Do** 

0.2U 

U 

1-25 

Huber I0HH. 


Horves 

0. fl s 


062 

.^araseila and UcKdla 


Caette 



12® 

Huber 


Sheep 

BM 

300 

1 M 

Nurtfru j . anil kafin fl99ll 


Ghh 

7J5 

37J 

138 

Naw a?. « nL 1 WO 

AmuciUJn 

Dw 

O', 20 

| r 9 

1.25 

Huber ll9tt 


Foals 

0.27 

5J 

074 

Ftiiegrit \m 


Honu 

OJi 

S3 

066 

WUuk el jI. I-VKH 


Sheep 

DJI 

101 

0,77 

CcattmUl li ai j W2 


Goan 

O.fl 

t |j4 

02 

Craigniill uni. IW2 

Duefflh 

Pvfl 

O'J0 


030 

Huber J^H, 


Horses 

O.AO 

1 1 j6 

060 

Huber lyttfc 

CkraariBin 

Dots 

Cl JO 

u 

050 

Huber JWH. 

DtefoueilMi 

Dogs 

0.20 

3J 

067 

Huber 

McthiciUin 

Cant 



0.30 

Huber J^S 

CMteateUMa 

Hop 

iJ§ 

«J 

125 

Huber IMS 


H^itsl's 

CK4U 

4.6 

IjDO 

Huber I9W 

Tkamllirl 

i>is^ 

0.34 

A3 

095 

Huber int 


Hones 



tiw 

Huber ISWS 


a V, m vnlurru 1 nl'ditlrihglmn. 

J 


jjdnsl many strains of EinlcmhacleriticcLije .and some 
strains Lif P.wtetJomtmit.i. Carhcnkillin and licnrcillin 

4ury ^eiivu against mhcic sLrains- it\‘ L. rryff, Mt^r^arwli-a 

morgaxtij Proteus spp., and Satwwlia In addition to 
these organisms, mezlocillin and piperacillin are active 
uguinsi hmoc strain of EnwiobocteK Cttf&bocttF? 
Kfabfitllo, iiiwi StrmtkL The e.xicnded-speeirum peni¬ 
cillin have some activity against gntn-pcnlive aerobic 
and anaerobic bacteria but are generally Jess effective 
against these organisms than are the natural penicillins, 
and aminupemcillinv Eiteoded-lpCCtnilB [ten kilims 
are generally more active against AatifVmfcftt 

Lhun Jhj Lrilh-'I asuilLfeble peakillinv 

Ptaarniknlunclks. Table 41.2 lists. the phamiiKoki- 
netk - parameters of several penicillin in dotDHtk 
species, and Table 413 lists recommended dosages. 
Most penicillins are rapidly absorbed when injected in 
aqueous suspension by the IM or SC route. MuimD 
blood concentration* result in 13-30 minutes. IM injec¬ 
tion is the dUttt fiODUM mite of wdmiikkLnicmin. h is 
■eoccocy to orally administer 5 times the amount of 
penicillin Q prmfy for IM injections eo produce 
comparable Mood concentrations, because of inucLiva- 
Cictffi by [he gastric add and entenc bacleria. 

Some absorption of pcokilliA occurs during the first 
fi’w lH.ii.irs ijikr iiiEramammaiy infusion. Blond concen¬ 


trations are consistently higher when penicillin is 
infused in infected quarters than when infused iuio nor¬ 
mal quartan. Serum plays a sigiiifie-uiiL nob in transfer 

of penicillin from trailed to untreated quarters. There is 
systemic absorption of sodium beiszylpeniciUin and 
procaine heiuylpcnkillin administered intrauterine to 
hones and cattle* respectively: 

Sodium or potassium penicillin suspended in an hum 
oil prnloqkgs abtoiptiM of penicillin from the she of 
infection for approximately IK hours. Incorporation of 
Ihe poorly soluble procaine penicillin in oil prolongs 
Absorption for 24 or more hours. Addiljcm of 2% ah- 
minum monoslerak to a suspension of pc-nwillin in ml 
produces a gel with u high degree of water repel leacy, 
which markedly slows absorption of procaine peni¬ 
cillin suspended in the medium. Although the use of an 
oil vehicle helps pnlM| the dunlton of ihurapeuiiL: 
hltXKi concentrations, undesirable physical properties 
limii widespread use. Horses may show unfavorable 
ficute and chmnic tissue reactions to the purenteral 
adminisiralion of -on antibiotic in an oil vehicle. 

Procaine penicillin G i* a buffwd flqUHW suspen¬ 
sion miUbk for IM injcctka Absorption of penicillin; 
from this preparation ii prrdcuiged. Absorpiion of pro- 
cniiic may become pmbLeiktuie in drug-tesLing pro¬ 
grams used in racing btfttl A small amount of KKttun 
Or pKrtiissium penicillin G may Imj a dde d to establish a 
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TABLE 41J — Recommended dosages for penicillins 

Drag 

S|X"VIC* 

a* 

Rowe 

Interval <hrfr 

Penicillin G 

1C r« r *-t! ■, 

2t)jnon-An.pQ0 UMm 

M. IV 

fr-H 

(sixtjgm cur 

D^gs and cots 

22.QCK3-55.000 lUftg 

IM. IV, SQ 

64 

potauinmj 





Procaine 

Homi 

iLfk% 

IM 

12 

prnicdlin G 

Cittk 

! aono-66.oora lu/kjg 

IM. SQ 

1 2-24 


Swine 

40.0HCI DJA* 

IM 

24 


1 >l' s and cats 

3OJD00 ll.i/ki 

IM, ^Q 

12-24 

Ekn/aeliine 

Hones 

50.000 lUrTtg 

IM 

48 

penicillin 

Calcic 

io.ooo-6h.nt3n nm$ 

IM, SQ 

4H 


Dogs and cars 

4G.GOD-5QJIG0 lUitf 

IM 

iao 

Penicillin V 

Hones 

66,000-1 IO.IXXI tl 7kg 

PO 

64 

(pttBiimm) 

Dc^gs and ub 

5.5-1 1! nug/kg 

PO 

6-fl 

AmpiciLIkn 

Hum?i 

10-22 mgAcg 

IV. |M 

K 


Crttle 

11-22 nuftfi 

SQL I M 

12 



4-10 nqfts 

PO 

1 2-24 


Dogx lIMlI cat* 

10-20 mg-tlcp 

rv. so 

641 



22-53 m«A| 

PO 

S 


Swine 

6-S rag/k g 

M}, IM 

S 

Aino*. n_il]i 11 

1 Naves 

20-30 mg/kg 

IM. TO 

6-2 


Caltle 

6-1L riLgi'k l 1 

IM, SC. 

1 2-24 


bop an d cA 

10-22 mg'kg 

PO 

8 



5-1 L HI L!i'k L' 

IM, IV, SQ 

s 

AmmiL'illin -t 

Dii® 

12,5-25 mg^kg 

PO 

S-12 

Cavularate 

Cat 

62.5 mjt'kg 

PO 

K-12 

OomdDhft 

De$s and cals. 

20-40 mgAg 

IM, IV. PO 

8 

rHekaKftgithn 

Dpgs and cats 

10-50 mgiig 

m 

K 

Oxacillin 

Iknves 

20-50 mgAg 

IM. IV 

6-4 


Dogs and cats 

2CM0 ODf/kf 

PO 

8 



5-5-11 mg/kg 

rv. im 

4-4 

Carhenieillin 

Dogs and cats 

55-LOO lugAg 

1V. PO 

K 

IWurLi LI 111 

[3k>®.s and cuU 

40-110 mgAg 

IV. IM. SC 

6 


therapeutic coneeniraiicin ini:Llc]y following IM 
injection. Benzathine pen icillin G is a rspository salt of 
penicillin. Absurphun of Lhus compound may foe pro¬ 
longed tor 7 of nione days, 

DiH usIlwi of penic.ill.iii into the (issues and fluids 
<x.vur* iLs long as the unbound plasma ciMicefiirecion 
exceeds thal of the tissues and flunk, High concentra¬ 
tion* of penicillins aregentrelly reached in kidneys, liver, 
and lung. Penicillins eta not peneMe the CNS to any 
great HUenl. Pcnieillin will diffuse amiss the placenta, 
into the fetal dradatiML Tissue residues of penicillin in 
slaughtered animals are considered a public hcalih. hazard 
becauie of potential hypersensitivity mKtkm in people, 
Penicillin G. penicillin V, nafciLlm. tkafciHin. aud live 
eminopenkillifU are merabulL*ed to rant extent by 
hydrolysis of the p-l&etam riqg, The metuholiies ur* micro- 
triotoficaJly inactive. Penicillins jihJ their nwubotiltt are 
excreted in the mine by tubular secneUafL Mcki of the dftig 
is excvetal In the urine w iihin I hour of IM iiijceikm uf 

sodium or pcHauium penicillin in uqueou^ solution. 

Ptotocnccid awnpetitivcly inhibits n-iiiil 1111111.1111 rtcretkiii 
of penicillins. Penicillin is also eliminated in milk. 


Compounds 

Natural Penicillins, Only penicillin G and peni- 
cillin V lift currently used clinically. The phenoxymediyl 


group ora penicillin V impart* more acid stabiliiy, 
allowing. for oral udm ini *im ion. hut left* ifrihttfefill 
activity. Penicillin G is commereiflJly aval liable as a 
benzathine-, procaine, potassium, or sodium sail. Peni¬ 
cillin V is available 41s a potutfeEiuin salt. The polaasiuDi 
and Mwlium salts, of the drugs are soluble in water while 

the henzafhine and procaine salts are lev* soluble iti 
water. Penicillin G can he injected IV, IM, or SC, Pro¬ 
caine penicillin G should no* be administered IV, 
because priH.iliue can adversely affect the cardiac con¬ 
duction system™ Oral administration of penicillin V is 
more Applicable to humans and smrilJI animals iJiara to 
food-producing animals. Penicillin iv usually not 

to heibfmrB because: it suppresses 
bacterial metabolism in the digeMive tract. The excep¬ 
tion are those herbivore?. Lhul are very young or Animalv 
th-.it require suppression of bacteria] f'crmencatmn to 
prevem bloat, 

Pfiiiiciilin i^ administered via both inlrttnuunmary 
and systemic route* to treat bu% ine iiuivtiti*. Milk con¬ 
taminated with antibiotics may cause public health 
problem* as w-elJ as inhibit the cheese-making process. 
Penicillin in ini Ik and milk product* may sensitive sus¬ 
ceptible humans, with subsequent penicillin therapy 
more likely to produce an allergic reaction, Rccnm- 
inerwfcd withdrawal times must foe adhered to. The type 
of vehicle used in intranuixinury infusion preparation 


administered oral I v 
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is a factor Itui aLs*i determines lime required for elimi- 
iLBlion of aniJhiotk-x via the milk. In general, pmidllill 
in fat-soluble nant mli of mineral; oit vehicles pcrs-islx 
longer in the bovine udder chan penicillin administered 
in an HfHOttt vehicle, In umtiut aqueous vehicles 
favor rapid release of antibi-micfc to attain maximum 
therapeutic concentration*. This information m pro¬ 
vided on the label. 

AMNOFENVCXJLINS. Ampkilliu aud UWHkUlin have 
been used in ihe tvntml n-f a variety of dimes in 
domestic animals,. The half-Life of all aminopcnicillin* 
is approximately minute*. Tissue drag concen¬ 

trations may be higher Lh nn serum concentrations. lol- 
1 wing, oral -administration, ampin II in is more quickly 
absorbed when mixed with water or glucose solutions 
ilh^u when ai.kk.tl m milk or millt replucer Amoxicillin 
differs from ampicillin by the addition of a parahy- 
dm-xy crimp. It has greater resistance to gastric acid 
and is more completely absorbed than ampin: i I lin. 
HelaciUin is prepared hy a reaction of ampicillin with 
acetone- When administered as i1E -, jupn^gx toMotk, it 
is rapidly converted back to ampicillin and acetone. 
Thus the spectrum of activity is identical to that of 
ampicillin. 

PtNK'tlJJNA30-RfiStSTANT PtfMKHUNA. Mclhicillin 
sodium is a water-soluble pcnicillinase-resistHnt peni¬ 
cillin that produces therapeutic conccnlraiions in the 
CMS, Mcthicillin is primarily used as an antistaphyloc- 
cocai drug. However, methicillin is a powerful inducer 
of pemcillinuse, and staphylococci may develop rcsist- 
anec hy nonpenieillijia-vc nwdUmlHDL M^ihieillEn is 
given hy the IV or IM route and is -usually well toler¬ 
ated- Occasionally some pain may he observed follow¬ 
ing IM injection. Oxacillin, cloxaciUm, dieloxaeiilm, 
aihl nafacillm resiM acid hydrolysis and cun be ndrriin-- 
iMered orally, 

ExTBNDGD^Sncmj m Penicillins. Carbeiiidllin 

4UhI other members Mthb group hive Lhe major ad ban- 
1*|K iM they are effective against PirusitmtYmi},, Pm- 
j^r.v, find other gram-negative bacteria resislanl to other 
penicillins. CurbenirilLin has a brood range of anLibuc- 
terial activity that has been related to- the carboxyl 
group substituted on the ft carbon of the benaryl side 
chain. Carbenicillirt is acid liihik arid fflW be iuJrriirik- 
lered paremeraJly, Carhenielllin indanyl, the indanyl 
ester of carhcnicillin, is acid stable and suitable for oral 
administration. It is rapidly absorbed from the small 
intestine umd peak plasma uoncentraJiurts are achieved 
within 3 hour of oral adiflini^lruLion- Carbolic illin is 
primarily efimkufled hy the renal tubules, with approx- 
imnlely of the dose appearing in the urine within 
9 hours. Peak verum curberiieillm concentre ion* 
achieved following oral admin iMrtiLions. are lew, find 
many ieiTvrc'iiLKiis are noi treatable with this drug unless 
confined to ihc lower urinary tract. Tiearcillin and 
mezlocillin are not absorbed orally and must he admin - 
islered IV or IM. 


Tmdcity- PeakjJUJftt ure very HL W drags, with relative 

few adverse effects reported Acute allergic rued mb 
are the rtiosr eommiwi effect in people. Acute 

anaphylaxis. coMapse, hypcrsaltvalicHi. shaking, vomil- 
ing. urticaria, fever, eosmophilia, neutropenia, agranu- 
kcytocii, Lhrnmhocyiopcniu, leukopenia, anemia, and 
I ymphadcmptthy can -occur in sensitised animals. 

OlOfflJb’s-pnsiEiVtr hemtityliL: uriemiii has been reported 

in horses following penicillin administration iRIue el 

al. IWiT* Step el aL 1991). 

Tlk" IV administration of hypertonic solutions of 
sodium benzyl penicillin! has ttsulied in uiasia and con¬ 
vulsions in cats and dogs. Pme-aine can also cause ana- 
phy taxis and CNS disorders iNeil&cn ct al. I^KR). 
Guinea pigs, chinchillas, birds, snakes, and turtles arc 
ven.biLi’ve to procaine penicillin tlenkin* 1987). 

Anorexia, vomiting, and diarrhea can occur when 
penicillins are given orally, Change^ in the Intestinal 
flora induced by penicillin administration can also lead 
to diarrhea- 

IheexLended-vpectrum penicillins have been associ¬ 
ated with cchagukipflthies in humans. The incidence of 
this is unknown in veterinary puiiienii* 


CEPHALOSPORINS 


I iCirernT Cephalosporins contltl a 7 - 

aminiKcpiuJospanuiic acid nucleus which is composed 
of a [i-lactam ring fused wiLh a fi-mem be red dihydto- 
ihiaiine ring (Fig. 4I.2 Jl Additions of various groups al 
the R positions form derivatives with differences in 

uniimiurE^hiul aL'tEvily, stuhilily ;igiiiras( liiclnmu^s, 

protein binding, imcMinul ah^nrption, merahidisms arid 

toudty. 


The cephalosporins are usually divided into I 

(Ini, Becnd, and third geKnlkm flhbk 41 A)* 
Although ibis divuun is hused larg-cly iwi the etamo- 

logical development of the dnjgs p some generalities can 
he niiide nKuri ihe BpfCtmm of UtkukfDtldd aclivily of 

acta gHKHtuxi' as given be low. CefMllm, eefutcian.. 

and lonhzarbef ore eephamycin*., and moxaJactani is an 
o.xa-p-lactam, but these agents are generally included 
with ihc cephalospnirins because of their similar phar¬ 
macologic behavior. 

Unless frozen, mnl WphakwpOfilB ure Muhk" in solu¬ 
tion fur only shLWl ihm :-.-i l.-.U. .Some drugs, saicIi 
aminogEycosides, are potentially incompatible with 
L^phalospciffinH when mixed in solution. Specific refer- 
eiK'es should be consulted (brvoriipiirtihilily iuhnTnaliufi. 


Mierohikil SiLSiX-plibiJju. There are subsiannaL differ¬ 
ences between cephaLosp<JTins with regard to tttktohlll 
ttUHfHibility. "the Ntdooil Commillee fur Clinical 
laboratory Slandoids (NCCl.Si uses cephalothin sus¬ 
ceptibility as an indicator lor all fiTsl-gcnerahon 
cephalosporins. Tbe acLivily of the first-geui'ralion 
cephalosporins fa esu^niially identical! when given par- 
enteral I y, exeept that eefazetlin ho* somewhat levrer 
uchviEy against Mapliytococd and tovncwtnt greater 



rioh 


n 



m 


at 


Q 




Hidden page 



Ii 2*1 / inlifAPl 10 i f'JlhMuHci.k-m K 0 MKWIIUAI IIIM.JtSI.S 


TABLE 4l^PhilHIKuldit^Ik' piniticlrrs of wlnlnl ccptialosparioa im dannestic 


ftjfllg 

SpKfet 

V/ (JAjiS 

Clearance 
f iriLA^ilaJ) 

Elinuikabtui 

half-li He <hr) 

=■ ■» 

Reference 

Guphapirin 

ftsak* 

1 .Oft 

1M 

a?o 

Brown «liil. |4®7 


Horses 

Ml 

JOG 


Bru^si cl ul IStita 


C’ijws* 


117 


Pradesdul. II9SH 


Dufl 

D 32 

M 

0.42 

Cabana el ul. 1976 

ChUmUi 

Korn 

CKIS 

13j6 

025 

Stuotf uml Sams 1983 

Cufadmsi] 

Hunvcs 

0,4ft 

7JtS 

a 77 

Mbon ct al 19*5 

{"^fa^iJiTi 

TsklIn 

0.43 

0.4 

OT 

Dnflen rf at. 19H9 


HurMfh 

049 

SJ 


Sum and Rv»it 19*3 


Calve* 

0. ii ? 

34 

0U62 

Sofa«L Oft al. I4K7 


Dogs 

MB 

ICK1 

0JJD 


Cephalexin 

Cal vn 

0.32 

I.V 

urn 

Garp rt al 1492 


Cm 

0,39 

1QJ 

OLH 

Sobuk ell al. S'WSH 


Sheep 

0.17 

SJp 

140 

Villa l 1 ill. i|W I 

Cefoxitin 

Calves 



1.12 

Sflbarii 19*8 


Hursts 

0. ] 2 

43 

M2 

H-rinvn 1 

Cotamik 

Sheep 

039 

23 


Guerrini cc aL 19*5 

Ceftriaxone 

mp 



DJ83 

RteiidiL I9B-S 


Sheep 

0.30 

33 


Gutrrtrti l'E al. I*H3 


Cthti 



140 

Subnet and 2w 19** 

Ceftazidime 

Dop 



042 

Malusi Ll al 10H4 


Sheep 

0,35 


1 jtSO 

Rule el it l lttl 

CflftvpnnB 

CUm 



DJ9 

t.arli cL jJ. t*Hih 


Shttp 

0.16 

23 


fauemni ct al r 14415 

Mftnltft-i 

Calves 



140 

Statu* 1999 


*V'j = wllJlIli: Llf dlrffifrutlCHl. 

woubL 

s ] ^iLiuiin;. 


TABLE 4] JS—Rtcomiiwndcd dosage* for (cptahHiwrlivi 


IDrug 

S^ewt 

1 Jihu ImjiTcjl 

Book 

Inlervnl (far) 

CeUnnll 

liHjwl'uLs 

it 

m 

I=*il2 


Ham 

25 

TO 

4 

Cephuluxin 

Ibwws 

HnH 

PO 

6 


l>ogh/Cai^ 


ih> 

i 

Ceptiaplrin 

Murta 

ao-» 

IM. IV 

*-12 


DofiiCjti 

10-30 

]V E IM. SC 

6-t 

CepbokHhin 


] t -tu 

IV. IM 



Cntk 

55 

SC 

6 


IftigNrti'-ah 

10-30 

IM, IV. SI 

6-6 

Mnpti 

Mane 

15*20 

tv, IM 

S 


I.SSKL's'l"4l: 1 

20-35 

DkL IV. SC 

6-K 

CnSaiMn 

l>^!A'-aLi 

30 

tv 

H 


Fu 

20 

tv 

4-ft 

Cefactun 


M 

tv 

9 

CehriLLumif 

lUkt^w^’jslR 

25-50 

iv; im, sc 

* 


Fuels 

20-30 

tv 

6 


Om 

5IJ 

rv 

12 

CefuDfur 

CdlLlc 

S 

JM 

24 


COffenUtMt ufiftfe, M f w id J BOdJuilDu ttfOffllbdCp K wy expensive iwid., with few fldcqriini, iire infre- 

cefumximc iodium. cefoxitin s-odium, and celotctan qucntly uicdl in Ycierinary medicine. Ccfiximc U i*n 
disodium arc available for pare item l adminisCraficti. orally ad mm isle red Ihird-gencratHmt^hafciporiii: Ihc 
Wfh ihe tiUtpbCi of CfifoicUn dlBOdkuu und cefmMll remaining compounds ire available lor parenteral 
sodiuiftb. HCODd-gHUflllOn CCphaloSporini i\rt kftA JudrtlirtiNlnLliurt,, CcftkAff uijpuiri It apfircabofd ft)f par- 
eommonly u*ed in vcieriitiry medicine beeauieof their enteml ftdnuniAltKMl in iLWklaeuiiinj^ eiiiile. A pruduet 
expense. containing cefopemzone in an oil base Tor Lntramam- 

mujy infusion- is available in the Uniled Kingdom but is 
ThI H I]-GBNbKATlGN CEPHAItikTOklNS. This due Hi ttccond for Use in the Uni led Stales.. Tbe EKflkMh 
of drugs wil\ developed few u\c In spcviafiL?£d situation* Lanl properties of eefoperazcnie -plus fhc persiiiien.ee of 
where ■dwrie-mmiinr, gram-negative inlccficmK arc Lherapeulie concentrations of the drug In Ocaied qum- 
eommun and safely is of prime ODKfiflL Thett drugs ten for 3-4 mUkflB make this drug very useful for Ihe 
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useful in treating bftrfdlicjsLs,. dilamydaostK (especially 
in cai& poultry), Afi^iumu **pp, L^^rt spp., 
and UMvrid spp. 

The toninkfy of lelracyclloe Inis also beeja 
re ported. Rafts and mice given 0 K 12.500,. and ZJ,:000 
ppm of tetracycline in their feed, for 2 yon should mi 
rvidemc of tinfrinogenicily (Dietz el ill. 1991). The use 
of tclrptycline in conjunction witii meihoityflunmc 
anc^hevia fm been implicatedas u ctuuii^ factor in 
ncphrotoKicosK -causing secure kidney failure <tnd 
death in people and dogs. However, a study by Fleming 
mid Pedmoli (1980) did not support Lbe previous 
reports dial the shnultuiteous use of tetracycline and 
medwayflurjite had deleterious-effects on kidney func¬ 
tion, Renal tubular nephretoMcosis has also been 
reported when outdated tetracycline preparaiious were 
administered to humans and io calves. The degradation 
produces of the tclracyclkncs have been found to he 
nephimtQxic and are formed in the presence of hcai, low 
pH. and moisture (Cleveland eL uL 1965: Tbusdreret al. 
1982; Lowe and Tapp 1%6; Kiond and Riviere 1989a), 

Adverse reactions lo teen^ycMne have also been 
reported. Teteacydine has been reported to induce ana¬ 
phylactic shock in dogs after intravenous injection 
(Ward ei al. 1982) as well as possibly iiiciewiig ala- 
nine transaminase activity in lbe cat (Kaufman and 
Greene I993J. “fhc cardiovascular ettcets of tetracy¬ 
cline in cattle have also been reported IGyrd-Hansen et 
al. 1981), Cattle were administered 5 or 10 mg/kg of 
tetracycline, with the ccMal amount administered over a 


JS3-, 60-, or 300-second time period. Niocows collapsed 
when either dose of tetracycline was. given slowly over 
a SQft-nxmd period, but i oow in 7 collapsed when 
given ihe 3 mg/kg dtoe over a lO-secttfid period, and 2 
cows in 7 collapsed w hen giwo the same dene over a 
^second period For rhe SO mg/kg Am#,. 2 cwt in 7 

collapsed when given nfie dose over a Id-second period, 
and 4 com in 7 collapsed when given the dose over a 
60*£4COflid period. Collapse at ei ther dose and at any 
injection lime was prevented when the OOWs Were pre- 

medicated with calcium kirogiucofhiie. indicating Hut 
teteacydine may decrease the anMiuni of calcium avail¬ 
able to- the heart for its role in eoniruciinn to ihe pnini 
of producing cull Apse of the animals. Other reports of 
the toxicity of tetracycline me available (McPherson ei 
al. 1974:; Wivagg d al. 1976). 


fHyieiraeycliin-. By far the most commonly used 
tetracycline in veterinary practice today H onylatricy- 

cline, Numerous reports. are Available in ihe litefaltire 
on the uses of osylclnicyclinc in veterinary medicine. 
Ils chemical structure is show n in Fig. 42.3. 

The clinical luefldaat of ojiylctracycJjiic has been 
studied in moat domestic spectes of animals in recent 
years. Prev ious editions of this texlbook should be cunb 
sulled for historic work Oil oxytelrucycline. Recently, 
oxytcljraeychne has been used to treat ehrlichiosis in 
dogs (AdawH ct al. 1992) and in horses (Palmer el al. 

1992). A king-acting fbcmulatioiTi of exy tetracycline, 
udiniiiiistered intramuscularly wjih piroticam. was 



FIG. 42.1—Chemical structure uf mYteii^ydirk?. 


found to be effective in treating canine ehrlichiosis, 
while the pimxiciun minimized Ihe pain and swelling 
bwcwHkI wiih o^yteteacydinc injKiions. The study 

by Palmer ct all. (1992) also found that low-dose oxy- 
Li'lracycline given once, instead of twice, daily (admin- 
istered inimveuuusJy) was effective in eliminating 
Ehrlichia risiieii in horses. Oxyieirucycline has also 
been recently studied in normal and diseased ovine 
lung tissue (Baxter and McKelhw 1990) and in calves 
wiih pneumonic pteunelkili (Burrows et al. 1986). 
Long-acting oxytetracydine has liImli found clinical 
usefulness in (he trealmerU of Mamxelta ArJi'u/infcc- 


htn ine keratoconjunctivitis infections in calves 

(Smiih and George 1985; George and S-niilh 1985: 
George el al. I9B5; George et al. 1988). The distribu¬ 
tion of naytetracycline in ihe genital tracts of cow* lias 
also been reported C Bnrtidaff el al. 1982; BrctzJafT et al. 
I983a..b), Absorption of fteyieliacycline is known In 
vary with injection site in calves. A report by Nouws 
and Vice (1983) found that site-lo-Hle intramuscular 
injection tuoavai lability varied widely at 52 hour* 

pnsiinjcciion, with bioavailability bring 79% in ik- 

buttock. 86% in the neck, and 98% in che shoulder. 


Oxyietracydinc use in ihe horse has also been 
rep Hied. Liirwsn and Stowe (1981) reported high serum 
conceniftiliun* ubfiiiiited in Clinically norma I horses 
given 1(3 mg/kg oxytetracycline intravenously, with 
serum coneenirations peaking 31 3ti minuto piHslinjec- 
tinn (16.85 pLgftnL) and high concentraiicms persisting 
ihnmpgh al least 240 iminulei (4.67 pigftnJL). In addition 
io the high serum concemrations, Lixyceirucyclirte was 
tkmonsirated to penetiuiLe well into pulmonary and 

renal tissue, as well as into bronchial fluid. In another 

duty of axylcimcycline in horses. Brown et al, (1981) 
used a dose of 5 mg/kg intravenously and found a peak 
cuficenlralicm of oxylldrtcydiric an the serum al D.5 
hours after tkm% wash a vleady decline in serum bek 

Hvough 36 hours after ttose and no deiedkm of osyiet- 
racycline apptrem 48 hours after dose. Simihir fluid- 
cofHcntrelioa versus time pmfila were also demon* 

siralcd for oRylctracyelirie dKieclcd! in the synovial 
fluid, peritoneal fluid, and urine after intravenous injec- 
lian. suggesting lluil o-iytetracyclinc crosses Lhc^e 
membranes cosily and thaA she conccntrattoiis obfained 
would he adequate for combating such infections as 
Conwehacieriitm rqui, Snwptocacau ztwpidi'ntkus. 
and ActinabocUJux spp., with limited efTicacy in treat- 
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AdveiK reactions 1o nxytrinicydinic have been 
reported in dogs |Abdullahi and Adeyanju 1985; 
Stevenson 19H0) and tithes (OrOpi cl ul. I9HI). The 
report by Abdullahi and Adeyanju describes one d l« 
vAfift (he dug may have bad a hyptftflttklvity readi-on 
tii- fliyMneye llm after an iUnmtuculK 1 injection ami 

l;Llcjr by mcr 31 .xn.laf therapy. Hflwcw. this is the only 
literature report of this event by these routes. En a gw 
rcfWt hy Stevemn il^Kfl), two dogs were given two 
d^offfltyttticyditt ZJ hour* apart at a dose irf 130 
mgflig. Both dogs died and both had evidence of acute 
renal luNiLar necrosis. indicating that high doses of 
MytetncytUu can induce a KphfoftoxJctnls. Tn 
edvet, GflDH ei ||. (13ft h hind Led the cwUovssculv 
effects of both axytetocyclii* and the different vehi¬ 
cles used ter Injection (propylene glycol* saline. 
polyviny|pyrrolid.intc) B Thcy determined that the caxdio- 
Vik^eulaj respond obKTVQd were due lo the vehicles 
used and noL the ostytelracydine. 'I"he propylene glycol 
vehicle studied resulted in increased pulmonary arterial 
pressures and a decrease in cardiac output and stroke 
volume. Aortic pressure and heart ram were alsn 
depressed in association with vehicle. Using histamine, 
antihistamine. and propylene gtyetd in -some u-f the 
calves, it w as determined chat the csnUov&KUlHf effects 
observed wens dun 1 to the adogaHUs release of hista¬ 
mine after propylene glycol inject ion and this hista¬ 
mine release was not dependent on the .animal being 
srmsici/^d prior in exposure. No discernible esnttow- 
cular effects were observed after injection with ihc 
Oiytetncydiw-^lUM combi nation, white the 
polyvinylpymdidine preparation and vehicle resulled 

Lil higher aortic prvhhunr. heart rate. and uvirralfc iyt> 

Lemic resistance. 

bmu uliiit 1 . Doxycyclkie* Uko ul L otterderivatim of 

tetracycline, is a structural isomer u-f Che parent mole¬ 
cule and is sytlbMttd from osytcLracyc line or mcLha- 
cydinc. Duxycydlne and minwycline (ditcuaud later 
in this chapter> differ from nrcydiiK, oxyletrvey- 

dine, and dihulcirajcvclinc in that they are more 
lipophilic ( 3 - to 10 -ftild increase I, resulting in higher 
tissue penetration* larger volumes rf distribution, and 
belter overall antimicrobial properties. Doxycycline is 
unique in LhuL it is excreted in the feces M an inactive 
conjugate or dictate and. in this form, has littk impact 
LHik ihe lower im^siinul mierohial flora. Doxycychne 
also hits grader plasma protein binding than the other 
teLracyclines., which produces a pfOkrigtid half-life of 
the drup in humans and animats. The chemical struc¬ 
ture of doxycycline is shewn in Fig. 42.4. 

The phurmacolrincLkcs of do*ycycline has been 
studied in dogs and cals (Wilson ei al. 19B8: Riond et 
al. 1W0) + pigs (Kkond and Uvifitt IWthi.b), calves 
(Meijer et llL 1993b; Riurtd et al. 1989b), goals (Jhn 
c( al I989 |i f fbHH nofllccys (Kelly et al. 1992), and 
birds (Pros «i al. 1992; Graft et al. 1993), Sww of 

the phurmucolcinciie data for doxycyctme for com¬ 
monly encountered species of animals are listed in 

Table 4 13, 


HsC, ,CH» 



FKL 414—Qwnlial vtruebtre of dmycyefine. 


Doxycycline pharmacokinetics has been extensively 
studied in humans and to a lesser degree in animals. An 
excellent review of doxycyclmes use in humans ii 

available (Cunha el al. 1982 ), Riond et al. ( 1990 ) HMD- 

pared the pharmacokinetic* of doxycydine in dogv and 

cats given 5 mg/kg inAraveimuJy. In dogs, a yur *k 

strum eonceniraiion nf 11.56 pg.^mL was detected in 
serum 0 . 1 ? minutes after injection, steudily falling to 
0.33 pg/mL 32 hours after injection and to nonde- 

leeuihlc semikk levels al 44 hours amt hc-vond. Similar 

“ “B 

scrum pharmacokinetics have been reported in dogs by 
others i Wilson el al. 1988 ), [n cats, the peak «ium con- 
tttUltin was 22 .S c > |lg/mL and fell to 0 .S 9 |lg/mL 20 
hours after injection, falling to nondeLectablc Bevels at 
32 hours and beyond. Daxycydioe was mote exten¬ 
sively txHind to serum pnifcins in cats than in dogs. 
Protein binding was reported la be 983596 in vats and 
91 . 44 J^^- in dogs, wiLh tlbumin binding being in 

eais and 53-8796 in di>£s i Riond ci al. I 99 l>p, Doutycy- 
cline phanuooldiictka has been reported in pigs 
(Rioiid and Riviere l 990 a}. The j,... for doiyeyelinc in 
this species was significantly shorter than that in other 
1 'nod-producing iflitwk Alsc>. no doxycydiiK bio- 
tnuksfonmatiLHk was detected in drac pigs, and H 

metabolites were detected in calves iRiond et al. 
l9K7ht. Bioavui lability in calves ul doxycyciine fed 
orally with mill: replace]* wt& apprc>ximaLdy . with 

an diiuimlkn of 9 , J (± 3 . 0 ) bouts Plusmu mnfl- 

tralions after repealed oral doses nf doxycychnc in 
ihnse calves indicated tinxycychne may be a poten¬ 
tially valuable drug in food-animal medicine tMeijerd 
al r 1993 b), EJoxycydine use in Che gnat has uImj been 
rqxHried (Jhu eC al, 1989), "3"he pluimiucokineLres of 
dffitycydiu is easily extrapolated aertiss specks Using 
allMvuirie procedures \ Riond and Riviere IWflfo). 
Riond and Riviere (l9H9b) reported cm the binding 

ill d' l vycychnc Hi plusmu jdhiirtiin in LUigN, shLvp, t:isI.s, 

COWfl* pigs and humans hy meaxurin^ the afrUKialinn 
coAstants (Ka, L/molk Drocycycline is associated with 
less gastrointestinal tract irrilalicm and superinfection. 
and it has been suggested that intravenous doxycycliue 
may be suitable lor use in the equine beetue tetney- 
dine-iTsdiJced cotttit may be avoided of irifthnilfd 
using Uhj route. However, two reports have shcwvn that 
even suNherapcutie doses of doxycyelinc in a propri¬ 
etary vehicle administered via a slow mini venous injet- 
Lion induced ootlqn and death within 15 minutes in 
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Aminoglycoside antibiotic* constitute a very important 
w<iiLpon in ihe veterinarian "h armamentarium against 
gram-ncgalivc infections. A^ u group. ihey are ihe 
drugs of choice for the tmtHKflt of wrions grain-ueg - 
stive infectsom in -animals-. Amhuglycoikki me a ther¬ 
apeutically essential class of antibiotics whn*e uscful- 
IHH is often restricted by tllciT nephrotoxic and 
ototoxic potcnlial- This chapier reviews d* phumuifu- 
kineticx, toxicity, and tissue disposition of aminoglyco¬ 
side antibiotics lill various species. 


PHARMACOLOGY OF AM1N0G LYCOS idem 

Gefseral. Aminoglycosides am a class of antimicro¬ 
bial compounds produced from strein^ of 
spp., Af icrw tuh vj spom spp_. and BatiHus spp. Chcmi- | 
cully; ihey are umLmxyclitdls: hydroxyl and amino or ; 
guanidine substituted cyclohexane ^vith amino sugars ; 
joined by gEyeo*idk linkages to one or more of the I 
hydroxyl group*. These- nuteculu have endlemt 
water, but poor lipid, solubility, arc riwmndy ianirtJly 

nibble over a wide range uf pll value** and temperature-^ 

(Landm and FarenLi l L JH;2; Lcitner and Price K&2: 
Nagubhusban et aL I9H2: Fechcre and Dugal 1979), 
and have innleoibj wd£hu Ringing from 400 to 5rX) 
g/mol. The aminoglycoside* arc basic polycatUHU with 
pK t values lhat range from 7.2 to -O iZiv and Sulman 
3974; Kac/ung 19R4; Present and Baggot I98B). 


The sulh>:f> -n-vukJ like In cslend dfen jpprccmiiHi fit IK S. A. H-ilth-g 

k ihe o:«jJLi£lTfir of j r-fhrf* irf ilu umiit.i|.:lyi:i'[JtiLru-n jih! Rivi^rr 

IWI) tin* ^rwj m the b«fa foif iiilftc ill iJiis vluptor. 


The chemical structures of some of the commonly 
used aminoglycnsidts are shown m Fig, 43.L Chemi¬ 
cal structure is important in determining antimicrobial 
Wrliviiy. resistance pullem^, and- iuherenl propensity to 
cause toxicosis,. The variates mechanisms of lujphnumv 
icily (binding to proximal tubule brush-border vesicles 
and phospholipids. inhibiEion of mtlochondrial fune- 
EiLHa, ete B )> may hv rehucd- to an increased number tH' 
fr&c am inn groups nn the amin^gly vi^ide molecule. In 

general the rawt iooiud uninoglyrnUu (Lt,, 

neomycin, with six groups^ one more toxic stid show 
greater hinding affinity than ihi; k^st KHUZCd amkfc> 
glycosides of the cla*s tie,, streptomycin, with Ihnse 
gmupsji fBcndindjian et aL I9K2; ("ran in 197U; Feld¬ 
man et ul. I9H 1: Humes et ul. I9H2: Just and Haber- 
mjinn 1977; Kumn IM70: Lipsky and Lictman 19(2; 
I-lift add F-vyin l9Klta..h\ Weiuberp et al. 1980)* Other 
sirudura] characteristics may amount for differences in 
toxicity within groups of drugs with similar d.i4al iort- 
izolion potentials (Lt+ neLilmicin. tobramycin, and 
gKNiairiicin, all wiih five ionizuhle groups k More spe¬ 
cific information « aoibioglycoflide Mnicture-toxicity 

rc]atinns.hips is not presently tviidoMa 

of Af'lkiin- ,Amini.>g:lyL"osides exert their 
ancibtfeieriii.1 ;w;tion by irreversibly binding to one or 
mem; receptor pnjteins on the 30S subunit of the bacte¬ 
ria! riteHi.mie ujhJ iberehy interfering with several 
mechanisms in the mRNA tmulUkn (VKOl The»ee 
include disrupting an initiaiicKfi complex hotwe^n die 
mRNA and the ‘MIS subunit, blocking further LransJa- 
riuti ami tlwreby eauxing premuLure chain termination, 
nr c^ising iitcorpur-initm of an incorreet amino acid in 
the protein product. Tt is rigaincvl ihul uwsC amirni- 
■cmbial* that interfere with ribostMtial protein xynttexi* 
are baetcriostatic. while aminoglyeosidcs arc haererici- 
diil. Tfu: postulated mechafii^m fur this ctfcH'l is either 

this ribw-imal mi^rtading or interference with the ini¬ 
tiation of DNA replication tfhivse et aJ. 199^ Jawctz. 
I9S4L However, the enact mechulffll of if be bacterici¬ 
dal: effect on bacteria presently remains unclear. 

The mechanism of bacterial penetration by the 
aminoglycoside ihrcjugh the cell membrane is biphastc. 
Drug, diffuses through the outer membrane of griLin- 
neguti ve bactenu through aqueous channels formed hy 
llte porin prufeins. Once in the periplasvnic space, an 
oxygen-requiring AmpHt process tninsports the drug 
into the cell, where it interact.-i with Ihf ribosome. The 
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FIG 43.1—dirmical Mructiut* of tbe comjnhr usal nugsJnwHdn 
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TABLE 43»2—RectHnmrDded dtege rtgjmtvu b^d m target muimuDi concentrations of IB-12 pg/niL 
for gruiisijnkiii mid 3<MD Mg/m L for kattamydn, apramydJL, and amikacin and target minimum 

i-cMU-k-nlratimih of 1-2 jjflML for fteatamidi& acid 2.5—5 pg/ml. for kan amycin* apraim r ui. and amikacin 


Speck* 

l>ftagc neginicn 

Raftmce 

(junta nuLin 



P<ws (inn It) 

2 4 mnAg qhh IV 

Rivicru and f li|t]m.m: ISIKIa 

Cuts 

J nre/kg qllh IV 

Jcmigan et al IVUk 


3 mg/kgqhh \MtSC 

JLmigjn l ! C al. 

Peake 

4 mgfrg qHh [V/3M 

Hadduddfll. l«S5a* 

Hofw 

% mg.'ltG qBh IM 

4.2 mg/kg t|H- I2h JVi'lM 

PadBooll li jI. hHiU 

Horses (adult i- 

2 mg/kg qHh W1M 

iw>ikji ^nd Etnmn 1 9 ft-b 

Hums (lends} 

3 iijg.Ag. qljh 1 V.'l.Vl 

Sojka and Bm^n I9S6 

Co»s 

5 uigAgqHI lCV/IM 

3..I rng/kg qHh EM 

HMdadetai 19*7 

ftiws fluLiuein^l 

Haddad ei al. 1986 

Birds of prey 

15 tng/Vg IM 

Brint ci U.I. 1983 

CMUh 

33 ingiAg. i|.13h 1 hi 

Sctw 1 985 

K(H.ISl£T\ 

1 ,l5 mg/kg al 3h 

2 mg.Ag t|l l\i IM 

Sener I9K5 

TVdkTHili EtaL 1 Wt> 

Katumyi'in 


Dug* 

Apramy-ufciL 

|0 nif/kg qft'Hli JMdV 

Baggoc 1978 

/Jv et ad. 1985 

Calves 

Amikacin 

21) mg/k£ q!2h IM 


Cab 

ft) nig/kg q«h 1 Vrt.WSC 

JemnEOJii el jI. l9H41a 

iKigf 

lOmg/k* qSh IM/5C 

B^cgnaai. 19*5 

Dnpi' 

ft) Eihgi'kg i|t2h l.Mmt" 

Baggoc oi al. 1985 


Saniu[ Adapwd from Brows and Riviere 1991. 

J t.."riruuy Liacl int'uLliiHis; bHfllfll IV iot'liHuiL of £05 mg/kg/hr dnd a Half-life of 23 hr. 


rouses. Peak plasma pfltlffliclD Icvell OCCUTCd ill 0 

hwirs (72 |igAnL) after [V injection itnd 13 hotirn (22 

pg/mL? alter EM injection. well above [he ctnrveni icrnul 
Wood concentration target;* of 10-12 pg/mL. Such high 
Wood concentrations would likely miisirniw ihe PAB, 
Packed-cell volume, creatinine, plasma lolaJ protein, 
urine specific gravity, and a number of other urindysis 
data indicated no significant change}* in these pqnuue 
ters based on predusmg dula. Based on this preliminary 
information, the authors suggested LhaL bones could 
safely receive | .SID dose of gentamicin; however, fur¬ 
ther work clearly needs to he performed in clinically ill 
horses lo codcluihftly prove this suppusitimi, 


PHARMACOKINEfnCS 
OF AMINOGLYCOSIDES 

General. A comprehensive review of aminoglycoside 
ptuumacolcinelics has been reported by Brawn and Riv¬ 
iere (1991) and serves as the basis for this review. The 
phurmaL-okinriics of the aminoglycosides is simiLar 
across species lines. hu the variability within each am- 
VTi4i I pupulutHHi is large, indicating a significant amnsunl 
of heterogeneity in airunuglycmide ditpoikioft in hoch 
diseased and normal animals (Sojka and Brown 1986; 
Frazier ec id. 1988). In addition, the inhereni variability 
caused by many different disease stales necessitates 
close monitoring of serum or plasma cutifentnuiorts to 
optimize efficacy and minimize Imicus-is. A sfanfbrty 
large variability in unllU||ycotkk pharmacokinetics 
has al*o been reported in humans I Kaye el -id. 1974; 


Sflwehuk et al. 1977; Zasn et at 1982; Blaser ct al. 

I983K 

Although there is variability in aminoglycoside 
pharmacokinetic parameters, the therapeutic range for 
;lII gf the iuuinuglycosidi."* is relulivoly narrow, and the 

potential for (jniflHM h greater limn for mod either 
classes of antknknibfcta Serum or plasms concentra- 
i inn-, may easily he higher or lower than desired within 
each dosing interval in normal animal*. Altered physi¬ 
ologic or pathologic slates such as pregnancy 
[Lclicvie-Pegorier el al. 1985), ohesiLy (Skeins et al. 

1981K submnuil body weight (Ibtncon et si. !9R7^ 

renal dBHfeH tFrazier and Riviere 1987}, dehydration 
(LeComptc et al. 1981), immaturity {Scrjka liind Brawn 
1986)* sepsis (Main cl al. 1987),efidMOXAHl (Witaon 
et al. 1984; Jcmigan et al. IWKcj, and miruindividual 
variability (Mann et al. 1987) among nurny others, 
chav niter [he distribution, clearance, and half-life of 
aminoglycosides by a* much as IOQDmFoU between 
individuals in a single study tZjske et al. 1982k lit 
order to achieve target therapeutic concentrations, 
dosage adjustment seems to be required in 80-90% of 
both human and egudK patient populations receiving 
aminoglycoside^ therapeutically (Bauer and Bkiuin 
1981; Sojka and Brown 1986). with Lherapeulic drug 
monitoring highly ncotmonded for any patient 
receiving multiple doses of parenteral aminoglyctwidcs 
(Svetka et al. 1985; Sojkji and Brown 1986; Frazier et 
al. 19(6) Timing of Wood sampling is trklcal, with 
consistent sjunptmg times near l-l J hours after dose 
and immediately prior to the dw being optima] in 

most instances (Blaser el al. 1985 ). This- variability 
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a| B 1991,. Itp fOditt C d hy fRIUML] 


and the ? pha.se occurs; 24 hours aflcr Arising and is the 
most important pun erf (he diminution curve erf airisno- 
■glycosides when considering drug residues in ibod-pm- 

diK'inp animals-. TIk: priniaiy dirttzmiinunE utf lumnuglycLt- 

side cBipoaitiw h reflected in. the ftmv which comtec 

at renal gtometuLif filmrlion. The primary difference in 
kinetics between species is related in the glomerular fil- 
(ration rale {Gl"'K) a which decreases on a weight basis in 
luijtef animals. Burger animals tend n> have prolonged 
half-lives and require smaller doses on a mg/kg basis. In 
cuntra.sU doses iue similar across all species if based un u 
body surhtt iuea or u measure erf basal meLibolic me 

(075 mg/kgj I Riviere 19*5; Riviere ec uL IW7> 

The prolonged terminal elimination pluurf of anumi- 

flycosides has tiwjor implication for veterinary thera- 
peulius in food-produdng animals As discussed above, 
aminoglycosides accumulate in the rental cortex lor 
prolonged periods of time* resulting in vioklivt time 
residues even ufler short periods of AdnrintltHkkjtL In 

some ctHk amuQflycwidBt such as gentamicin may 
he detected for a year after poenaml artrainiitmk«J 

The vctcrinuiy profession had originally recommended 
a withdrawal time uf 1H months fur cattle LreuLed with 

^i!.i4iapi.!C!iBi *hii[ ncj* suggests chat the drug, iha he used 

iniuJuh Food-producing animals. Piglets rnay be treated 
up ro 3 days of age, hut man in this case the withdrawal 
lime is 40 days, 

AMIK(K;LVf:OKIDE TOXICITY. Aminoglycoside 

toxicity in domestic And laboratory animals has been 


TABLE 43 J BihotoJ ri&k factor* that prt6fcp«&e 

In am ino^h CLft-idr toxicosis 


Ajri- 

Pcjik and 1 mu■vrurn 

SSilunw of«iLr;ji/ti<>n fjshs&k) 

L'orKTnl rations 

Acidosis 

11 ltjkiI ic d i sirast" 

Sodium or potaHun dqpfctM 

Tcunl dore of drag 

Sepsis 

ddlllllfclhlL'rtMJ 

Rvnul imnspliiffiLtlii^i 

Durdlum <rf trciitmenL 

Pth* renal mHufTirieiK-y 

Conomil Admini Mraxion 

hiur ujiiiruiglycoMde upora 

ill loof) diuretic* 

CumuUti^V illill' 

MditMTunse 

BohnoglycoiHle 

arkMhoii 

Ccphaluspurin. iuiLihiofic.^ 

Ncphruioxic dmgs 


reviewed by Riviere (1943). The pt^sible risk fiKlfll 
chut may predispose a patient u> aminoglyc^ide tootk- 
ity are shown in Tabic 43,3, 

Aminoglycosides can induce ototoxicity and 
nephrotoxicity because tK*h organs have highcr-than- 
normal concndatkNU of phospholipid (in particular. 

ptuis^luiiidylinosiiol) (Rusir&sinh ec al. Sax- 

trasinh ce al. IMtt2b) in their cellular matrixes. Latkwiic 
aminoglycosides are chemically ailmcted to anionic 
rfiertibrarie phospholipids-. the KKlIhd aminoglyco¬ 
side receptors The iwn I issues him which gentamicin 
pfCfcreniiaLly accumulates {renal cortex and cochlear 
tissue) have disproportionately high amounts of phos- 
phaUdyliTHisiioil m their memhfimes compared with 
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control hyperglycemia. Other endocrine disorders such 
us familial hypothyroidism -also affect lhc terminal 
elimination phase land perhaps renal accumulation) at' 
rrttain juniiwgly anida in certain species (Riund et al. 
IWGc Riviere and Ctrvcf I9S4V 
As Mated peer ta ll y, (he esact Bfidunifln behind 
aminoglycoside neptanttuucnki i% unknown. frith con¬ 
troversy existing overthe precis mechanism hy which 
annlnog.lyecwides initially damage the proximal renal 
tubule cells iSwann et al. 1990; Schumacher ei a L 1991; 
Benuclump et al. 19921, Abundant evidence suggests 
dial lysosomal dysfunction ih m component nS Ihis early 
plwse of cellular injury't Carbon et al. 147tL Feldman 
al. 1982: F lull et al. 1981; Kukiyanides ami PtfKria- 
Mudoz 1980: Laurent et ul. I9K2; Lipsky uind Lietman 

3982: Ma//e 1981; Meivner 1981!; Morin et al I980C 
Morin et al. 1981; Tu Ikeu* and TrouM 1^78n, Ttiis view 
is consistent with the idea dual! lymunH are the pri¬ 
mary km of aminoglycixside KqUHtTltiOfl iti proxi¬ 
mal tuhule cells. L^hhuk* arc also the first organelle 
to demonstrate rnarphnlugic changes t, myeloid body or 
cyLoscgrcsome formulmn) alter exposure to Lhc drugs 
(Riviere et al. L91SlaJ. Studies have demonstrated that 
lysosomal enzyme activities (Leu sphingomyelinase, 
dtheprin K QWflli C to aklw ) are ctarciwd iu*d that 
the structural latency of lyKHOtnes, reflected by leakage 

nf A‘-a^yl- , |} , n»-glucosairkkudicsv in the cyiusul is 

jqcmwl Inhibition of lysosomal enzymes may cause 
an iuLralysoMjmal accumulation of membrane-associ¬ 
ated lipids which would he reflected rm^hnlogkalty as 
myeloid body formation. However, this. process by kselF 
should no! he -uculety Lethal to the cell. Decreased lyso- 
mifnal flu ml ion may also resulL in a cbeereuM.'cl abiliLy Ln 
degrade endogenous intracellular proteins and exoge¬ 
nous tow-mukcular weight prcsCcms rcabstirbed from 
lire tubular filtrate* cveriLs Lhal would perturb nephron 

function (Cojocd el al. 1983; Cojocd and Hook, 1983k 

The fecreax in lynHOkl pcfnnbdfty could remit in 

prtixsiijI nybylc cell dyis function, although IhLs event is 
prubahly a Laic change in aminoglycn^ide-induced toxic 
nephropathy occurring after cell necrosis. has been initi¬ 
aled hy anther hctOf iHuirtes el yl. 1982*. Mjyebid 

hod> fonHboo is moot likely a marker «f aminafjyca- 
sirde exposure rather than micOlU. The appearance of 
lyiOMmil flizytw in the urine nf aminoglycoside- 
induced HMk ncpbnipylhy ptantt is- MO Q wUf y to 
proximal tubule mil DHnit, apical plasma nembfUK 

damage, Lrf lyuihLriVU CXOCytOsis. 

Mitochondria are a WAAd possible target of amino¬ 
glycosides because, both m viuu- and in vivo, aminn- 
glyntadH Jcc wM e nttoduodfial reuptratkw ilwrcby 
impairing ihc rubulc cell's hkicncrgcsic profile (Appel 
JUKI New 1^77; Cuppagcel aL 1977; Kakiyanitks and 

Pteterii 4 KMunz 1980; Klinve and Hook 1978^ Sac- 
trasinh et al. 1982b; Simmons et al. 9980; Weinberg el 
Ml 1980; Weiubeg and Hjoikc 1980; Weinberg et al. 

|Wf>k Thi.\ cooU selectively produce tubule dysfunc- 
iLon which would initially he detectable biochemically 
but not mtHpholopicatly. The meduajnn of this cojuc- 
ily may K 1 swunltlary h? a direct amimsglyccwidc inter- 


aeLion with mitochondrial men^brane phospholipid*, to 
a competitive interaction with ihe dlvalenr caLions 
magnesium or calcium, or to an alLcration in lhc intra¬ 
cellular milieu llhal would indhreclly atlect mitochon¬ 
drial fund ion. llte magnitude of aminoglycoside 
effects on mltodnidrill respirulion is nmgMy corre- 
Ialed to the nel ptwlive charge of like specific drug. 

The thkd pouibte site of ioiiial iolnceDuUhr ualflo- 
glyeosidc inleiiiaion is the proximal Lubule cell plasma 
membrane's phospholipids mid enzyme* i Feldman et 
al. tmi; Humes ct al. 1982; Knauss et al. 198.1; IjuII- 
morui and Vollmcr 19S2; Sastrasinh el al. 1982a: Sai- 
Iravinh cl al., 1982 h; Schacht 1979: SUwnu and 
Malm 1909-. Wilttant ei il, I98lajbk Biading of 

aminoglycosides to membrane polyphosphcnnnsitidcs 
could perturb the regululion of membrane permeabihly, 
thereby promoLing cetlulur dysfuncLkm. Aminoglyctk- 
sides induce a phosptiolipidcK.i\ that may be secondary 
to inhlhirion of cytoplasmic phosphrihpusc activity. 
This event affecting multiple membrane systems may 
affect other cellular metabolic procfttw, Aminatglyeo- 
sidrs also inhibit hasnlatcral membrane Na\K r - 
ATFuse activity tn vitro and in vivo when used at high 
dose^ or incubating concentrations t Appel 1982: Chah- 

wain and H4irpUT 1982; Cronin et aL 19821. Amtanely- 

cosides have also been found to inhibit adenylate 

cyclase activity in projiina] rubuk hasLd$ueral naenn- 

htunes imd in toad bladder cpiLbelium m rkm i Humes 

and Weinberg 19KH; Ross el al. 1980; Sotllim el al. 

1978 j. The en/yme inlcriietions at the hgsohueral imnn- 
hranc could result in significant cellular dysfunction hy 
altering intracellular electrolyte balance or nsmolality. 

A final Ffen-'ihlc ike of uniDoglyutkli bUnctka 
with the nephrun is aC the level of the ghniKiulus, 
where gentamicin has been demonstrated b.s« reduce the 
glomerular ultrafilLnuion c^ff&cicul and Ui reduce tile 

■iiimbur ami si/c of glLHib^rular ododldkal feiu^iriM: 

(Av^Lsthi e> al f 1981; Huang el jiI. 1979, l.uft and F.van 
l9Htlia,b; ljuft ct al. 197H^. Thervc effects may be medi¬ 
ated by a charge interaction between Ihe cationic 
aminoglycosides and the anaemic endothelial cell ^ur- 
f*CM or, iilterihaiively, could be a Feedback respiinse to 
u primary tubular injury. The mediator of this- mecha¬ 
nism i-s not known. 

The relative contributions nf the JyKHnwh milo- 
cbondrlii, and membrane tubular mechanisms and 
glanwmlar injury in clinical aminoglycoside-induced 
buck nephropathy is not known. The relative impor¬ 
tance of filch us a primary Insult is htfgely a ftmctiofl of 
the pihiiorn nf iiuracelluiar diMiibution of uixicologi- 
callyaclive amintiglyccwidc*. In all probability, cellular 
dysfunction is a tault of A combi nal ion trf Uto abtaviu 
pnocesses. Whatever the mechanism, dysfunction of the 
proximil lubule odl uUmitdy results in 4i decrease in 
twphrcin AiKtkn, the sunt of which deLemdnes whole 
kidney function. 

AmiiRigfcycosjde-induced nephrojudiy has been 
studied iit many species nf animals. In general, Lhc s>n- 
dnpinc is similar across >pccies lines, with uny pcculi- 
arilics being a result of pharmacxiknietie fiction Off 
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UJlic iiepliTut^thy marked by increased serum creati- 

nine and urea nitrogen CQncenmiian^ decreased 

creatinine clearance,, decreased urine specific gravity, 
cylmdruria proteinuria. and enzynmria (y-gluiamyl- 
tran.speplidase and idaninc ammopeptidase I (Crowell et 
al. I 98l). On histopathologic t&umi nation. tuhular hya¬ 
line tikopfct change, degeneration. and ftccrmsls wens 
present. This apparent sensitivity is again primarily due 
in iIipl 1 large body sdze erfcws, for which 5- L > mg/kg/day 
iis an tiverdkisuge on a 0.75 mg/kg basis. Finally, 
neomycin concentrations in the renal const Hinged 
from approximately 2CM) to 400 pg/g, GenLunidn- 
rndtKcd toxic nephropathy was nol detected in adult 
sheep given 9 mgAg/day for 7 days when serum crea¬ 
tinine mid ufL-ii nitrogen cowconaiion* were mentored 
and tissues were examined at necropsy by light 
microscopy (Brown el ial. IMS). Sheep have recently 

been adweaied ^ a liable animal model for human 
renal disca^ (Gttfabach et aL 1980). They may be a 
useful animal model of gemamkin iosie iKphroparthy 
tetaure body weight i* essentially identical to (tint seen 

in humans and live pharmacokinetic parameters 
describing gentamicin dlicpositacm are aJso similar. The 
use of urinary enzyme indicts us a function of luinu- 
g lycoside nephnalnxicnsis hues been repotted I Garry el 

al. 199ftkb), 

GENTAMICIN. Gentamicin has been the most 

widely studied anunoglyrande aniiMotic to dace. Gen¬ 
tamicin is a combi nation of four onm|Wi«nls produced 
by Mii'rrmumeiiptmi purpuma, which all cross-reaei in 
common immunoassay procedures and arc usually 
considered a single antimicrobial entity. 

The plasma elimiiuiliuit phase ip phase ! h correlated 
well with GFR in dugs and horses (Sojfca and Brown, 
198#; Frazier ei al. 198*). Selected pbarmacokinetie 

data for genlamicln in animals are shown In Table*4:1.4 

and 43_S. 

The parenteral ateorpeion patterns of geotuikin 

have been studied in several species of animals. 
Hioavadabitily ( F) of gcnlannicm from IM sites is, 
reported t o be 68 ± 111% in cats- (Jemigan eL al. L98He 

92 ± IS* in cows (Haddad ei al. 19863. 87 ± 14% in 
bom* (Haddad et al. l9B5b) P 95 ± 20% in dop i Wil¬ 
son et al. 1989), 95 ± 18% in roosters (Fakfffoli cc al. 
1990], 21% in turkeys (Pcder*oli ct at. 1989). £95% in 
hawks and owls (Bind et al. 1983), £70% in ogles 

(Bird ei ul. 1983). and 60% in catikh (Seiner 19B5p. 
Biaavi] lability hum different IM sates is considered 
identical ( Wilson ei si, 1989) and bioaviiiJabiliiy from 

SC sites- Is similar to EM biouvailability (Gilman et al. 
1987; Jemigan et id. I98le; Wilson et al. 1989). The 

maximum concern ration after SC admmiMraiion is uvu- 
aJIy lower and nceurs later alter injection item, that 
observed after an equivalent IM duse (Jemigan. cl al. 
1988 ,l; Wijltari et a). 1989). which is most likely due lo 
less blond flow to (he SC injection sites (ban to the IM 
injection sites, resulting in a slower rmt of ^hsorptiim 
tot not altering the extern of absorption. Systemic 


^lability from Intrauterine (W) administration is 
30% in normal eows, with maximum plasma ccmccn- 
tnlHHts of 3,70 mg/L and 17.5 mg/L being obttnd 30 
minutes after IU doses of 2. and 4 mg/kg, respectively 
(aJ-Guedawy et al. 1983). Oral availability h near 0% 
in normal animals with intact intestinal mucosa, 
although Aecroddni enteritis and/or diarrhea have 
been reported to Increase availability in humans 
(Gemer et al. 1983; Miranda et al. 1984), Conctn(ra- 
li«u in renal tissue are observed after oral doses of I 
mg/kgAtay ftn 7 days, fur 10 days (>0,l pg/g of renal 
tissue), and For 34) days. (>0.02 p.g/g of renal tissue1 
after the last dose in calves (Takahashi rt al. 1985). 
Serum eoncwitnitions idler IU dosing were minimal in 

nopimI horsey however, m horses treated with proges¬ 
terone. systemic availability was 8-1 El limes higher, 
with greater penetration into endometrial t iwue \ FVder- 

soli et at. 1985). Estradiol abo iincreeied the systemic 
avid lability and etidoiitetr^l penetralkm after IU infu¬ 
sion. ten no# to the same extent as that obsen ed after 
pmSHferone. Gentamidn p i use in the treatment of col- 
iform mastilis in dairy cattle has also been Investigated 
(lirskinc et al. 1992: Jones and Word 1990). The ptiar- 
macolcmetier of gentamicin administered IM in 
teidgerigiLTs (Aftf/opjrftacrjv MigrfrdlnfHjr) (Itoh ui'u.l Ofciidii 

1993) and cockatids (Rami*y and Vulliet 1993) has 

also been described. 

Several studies have shown Chat alter multiple par¬ 
enteral doses., pharmucokinelie values derived from 

blood samples, taken within w tours of drug adminis- 
(ration do not change appreciably in eats (Short d al. 

1986; Jemigan ec ah 1988a), although there i> some 
evidence lhal shows a systematic dreadLan rhythm of 
pe4iJk and trough serum genlamicinetincenlmtiun^, with 
peak and LrxHigh concentration^ after the second and 

(hind doses of e;wh day consistently higher (tun ihare 
obtained after the firsc daily dose. 

Age appreciably affccls gentamicin di^pwitioo. 
Because neonatal ml ml'ant animals have a larger pro¬ 
portion of Iheir texly weight a.s ejUmcellulw tlusd. gen- 

tnmieiii volume of diMritoticm (Vj beget in immature 

oiiifiiah than in adults. Fur example, V Jmi of gentamkin 
in juvenile dogs is 0.35 LAg i Riviere and Cnppne 
198la), whereas in normal dogs h Ol 227 LAg 

(Brown et al. 1991). fbak to Item 3 months age 
exhdtefed a V d of 0.344 L/kg. whereas adult torses in the 
same study had V rf of 0.184 IAg (Sqjkl arid Brown 
1986). Another study, in young torses 2-3 tnonihst old. 
demonstrated V of 0.306 LAg (Riviere et al. 1983). 
Clarke et nl (1992.1 reported that the r | r V jmi , and Cl^ 
(clearance ¥ of gentamicin (3 mg/kg IV, once) did not 
dnnge apfirecimbiy between groups of horse* ranging 
from Of to 10, 10 to 20. and 20 to 343 years of age and 
there w;]s no ph.inriacukigK reascifi to adjust the dose in 
older ummals, However, it was noted in dial study that 
the y phase of gemamkin eliminaiium was nui stihlied 
and Lhal Lhc dtevt oi advanced age Lin LhK phase of dim- 
ImikMi its presently unknown. 

Gearance of gentamicin is numbly dependent uptin 
renal function and has been shown to be so in (mimag 
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(Sktfris cl ill. 1981). When converted In LBW, genitam- 
Irfo V d is increased from DJ9 Ukg LBW in normal 
parents to 0.24 Ukg LBW in obese patient*, Also, 

dehydration in rats ndkKfl the V (J fnii normal (11.19 

L/kg and 11.26 L/kg) fl^Komplc er *1, Similar 

resulLs hove been reported in dehydrated Clllle (Hunter 
et ill. I99 I)l GenLamicin phiirmacukiittflics changes 
appreciably heiween lean and obese eats (Wright et al 
1991 J r Obese caes given a 3 mg/kg IV dose ofpntm- 
icin had xifliifltattlly lower V Jn t and Cl values com¬ 
pared lu lean caLs. Biuavui lability and i lf2 values, for 
ito*; cab were mchuffd when compand to die val¬ 
ues obtained in lean cats. These changes were attrib¬ 
uted to lhe :k■ r i i■.■. 1 1 characteristics of gentamicin, in 
that the poorly lipid soluble gentamicin fails lu distrib- 
ulc adequately into the excess adipose tissue, resulting 
in reduced \\ values and neecssiliiling a due iidjust 8 - 
mcnl bused un the CSt + S alimalftl lean body muss and 
not its overall body muss. In u related stody, obese rai* 
were found to sustain nun nephroto* icily due co 
increased reiiul uplakc and retention of gentamicin in 
the kidneys than did their lean eountefpans (JkdaHir el 
aL 19 91), 

Gentamicin disposition hus been extensively studied 
in animals given IV cndoEtwiin. Endtrtojicmia decreased 
plasma gentamicin concentrations in dugs by appro&i- 
iinilely 2U-fti r -J- i(PouiDgtofl et al. 1*975) and reduced 
she area under die ptauna euneeittratinfitime curve 

(ADC) after EM dotiig in can from 1620 i 390 
pg/min/iilL to 1170 i 400 PfAnin/mt. |Jcmigan ct al. 
|98Jte)„ Other cimditirnn* thai have been shown to idler 
gentamicin di.vposilion include cndixTinupathauSv preg- 
nidey, and Other ciwiirreni dftff tdnJltiJtiltimi. 

In dogs, familial hypothyroidism effectively abol¬ 
ishes the phusc of SfiftHU disposition (Riviere and 
Carver 198*1), as dm experimentally induced and noi- 
urally occurring diabetes mellitus (Brown et ul. 1.991). 
In rats, hypoparathyroidism (Holntuin et al. 1987) and 
vticptozctfodn-induccd diabetes mellilus (Rimuiliny 
el al. 1982) reduce (he ren*l accumulation of gcnlam- 
icin without effecting Ihe number or affinity of the gen- 
lamicin binding sites (Molohn ct id. 1987). Jn pigs, 
hypothyroidism reduced mean (±SEM) gentamicin Cl 
from 2.51 t 0J7 (normal pigs) to 1.52 ± 0.12 
mL'min/kg iRiond el aL 1986.1. on effect caused by 
reduction in the Gl-'K. FkuDy, burse* under hulurhane 
anesthesia showed lunger gentamicin i l-: than when in 
tile awake Mate (4,03 hours vs. 2,0! hours ) t as a re^ulL 
of reduced CFR during anesthesia. 

Limited work has been dune wilh gentamicin and 
regional limb perfusion to Ireal joint infections in 

hurses (Whlftetuk Ct ai 1992a, Whilchair cL aJ 1 992b). 
In another study,, when; horses were being treated for 
bacterial infections I pleuropmsumunia. pentuniiLs, 
pericarditis, ahsecss, cic,j wilh gentamicin, it was 
found that an IV dose of 2.2 mg/kg QID resulted in sat¬ 
isfactory serum levels in mosl horses. but dose adjust¬ 
ments seem in be necessary to account for individual 
gentamicin disposition in both normal and diseased 
bor\cs. GaAdqdfl clearance was also found to be enr- 


rdatexl with iltt plmu oeotiikiK wocndritloii in Iwih 

healthy and elinieally ill horses (Sweeney el al. 19921, 
allowing serum creatinine eoncenLratiuns lo be used m 
individualize genLamicin dories in bones (Miirtin el al. 
l99H) f (lie dispisidtm enf gentamicin in equine pbsflt^ 
syittvial fin id. ud lymph hu &ho been reported 
I Anderson et uk. 1995), Horses had a suheutimcous 
lymph vessel on the medial aspect of the metatarsus 
cannulated and were then given a single 2.2 mg/kg IV 
duse uf genhuiiiiciri. PI;Lsnia 4 >ihI lymph samples were 
colleeled logcrhcr at predelcrmtncd times after dosing. 
The r lfl of gcniamicin in ihc plasma was 2.17 hours 
i range = 1.92-2-5), and Lhc r |n in Lhe lymph was 3.03 
hours (range = 2.63-3.57). It was ccmcludcd ihol the 
plasma cunccnlration of g^nUimicm wav a reliable pre¬ 
dictor uf amccntralinn in lymph lluid and than plasmu- 
bwd pharmacokinciics could he used with a good 
decree uf cooBdnce to fired Lei die concentrations ItuJ 
would he otnained in the lymph in horses. 

Gentamicin is accumulated in renal proximal tubules 
lo conecntralions sc venal- fold higher Lhan in scrum ur 
any other lissuc in every ipcdcs investigated (Scbcdtig 
and Jusko 1977; Riviere d al. 19K|a; Ainuoff et al. 
1983; Tmovoectal. 19H4; Brown el al. 1985; Bnswn cl 
oJ. 1986b; Huddad fl al. 19H7» knipa Cl al. 1988c). 
Cunwmratiofls in normal calf kidney have accounted 
for 49% oF the dose A hours after administration and 
ft. $% of lhc dose 4K hours aflcr IV injection (Ziv el al. 
L9H2I; in dogs, less Lhan 2ft ttf the dt»sc was present in 
the rciLal CHICK 1-2 hours al leTtlit start uf a continuous 
infusion to maintain blood levels at I LI ± 0.5 |Lg/mL 

(Chiu ct ah 1976). 

Retial uptake m inhihiLed by urinary alkali niwitfnn 

wilh GQdiun brcartHnate. theordiecslly bees use pen- 
Luinicin is less ioni/ed and Lherefore is less able So bind 
to the acidic phospholipid * of the proximal tubular 

HfflbnDB(Chta el ;lI. 1979). On the odier hand, jalk^i- 

lins^aliM with accia/ufesunide dftes- not reduce genta¬ 
micin apiake, presumably because acetazolamide ucid- 
[ ifies the proximal lubulai lumen (Chiu el al B 1979). 

■ High pnHeinijria due lu high-prottlll diet or diabetes 
: mu I Utus and prn uei nuri a induced pri manly by renal d is- 
orders reduce gentamicin uptake huo renal proximal 
■' tubules (ituiyri ei al. 1988), ahhLHigh fiction oihcr Lhan 
pfOtoJfVHfit may al^o play a role (ELantuunmy et al. 
I9S7). In sheep, diet may alsci play a sigmlicunt role in 
; gcnlamicin phiumacukineSics. A Mudy by Oukcuou 
I and Tbutalll (1992) reported lhai sheep fed a low-pro¬ 
tein die! (25 |ftliy) lii^l significantly Uiwcr V and Cl 
valuer Few gentamicin (4 mg/kg IV) than did soup fed 
a high-protein (120 (/day) while ALlC values were 
higher in lhc sliccp fed the kjH’proicin diet, indicating 

higher ownll verum concentratbcia of gentamicin in 
this treatment group.. Coupled with IV insulin clear¬ 
ance daia. ii was sunmsed that Lhe protein amlcul of 
the diet eon appreciably modify lhe diMribgiiiHi of 
hody water and also modulate kidney funei ion, muk- 
ing in allered jcentiiniiviii kinetics. A ’similar study in 
hunttfs fmmd lhat horses fed a diet of ooJls (lu^* in cal¬ 
cium and potassium) tmd u Itfgll^r IfKkkfKf of gen- 
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tamk in-induced nqphmlosiopMs than horses fed an all - 
alfalfa hay dici high in vitamin* and minerals (Schu¬ 
macher el al. 1991). Based on these results, anorectic 


horses or horses consuming dints low in mineral, con¬ 
tent are seemingly predisposed Lti auunuglyociside 
nephmltisieosis. A phanniic-u kinetic model of LM gen¬ 
tamicin has also been described for sheep (Emrcalde 

andl Marino 1990k 

Gentamicin also reaches therapeutic concentrations 
in a number of other tissues in addition to the kidney 
and inner ear. Studies of a variety of wild birds and 
game birds, including the greater sandhill crane,, rosy- 
bill duck, pigeon, eastern bob white quail, argjus pheas¬ 
ant, North American wood duck, ruddy shelduck, pin¬ 
tail duel, and emu, as well as laboratory rats show a 
rinritar rank order of tissue eoneentrm ions of gentam¬ 
icin, with skeletal muscle GDratralions being either 
very low or dOndAccuMc (Bush el al. 1981; LeCflnpe 
el nl. 19111), After 5 nig/kg gentamicin every 8 hours in 
ponder after 4 u,hkJ 7 diiy\, the endonnelrial ooneentra- 
lions were 5,02 ± 3.3 pg/g and 12,7 ± I .A pg/g (Had¬ 
dad et al. I9ft5a). Milk concentrations after .10 IM 
doses of 3.5 mg/kg gentamicin were0,47±OJW Jig'mL 
JO minutes after the last dose and 0.19 ± 0.02 Jig'rnL 
14 hours after ibe luvi dose (Haddad et iiL 1987 k In that 


&myk study, negligible cooeeturalions were observed in 
the brain after dotes of either 3-5 or 5 mg/kg- 

Gentamicin residues can he found in milk after [V, 
IM. or intramammury (IMM) udmani strati on. Pedrrwli 

a al, (1995) administered a single IV or IM dost of 

gentamicin (5 mj/kg) or a single 5CM) my dose of gen¬ 
tamicin to the udder of luclating cows and hallowed the 
elimination of the drag via the milk over several days. 
After a single IMM anlusion, the gentamicin levels did 
not fall below a sale level (<30 ng/nnL) until the sev¬ 
enth milking. 84 hours after treatment, Single IV or LM 
dove* of geiUainicin yielding safe milk levels of gen¬ 
tamicin cszeurred al the third milking, 16 hours after 
dewing. In another experiment, the cows were given 
two IV or IM doses of gentamicin (5 mg/kg 1 or two 500 
mg doses of gentamicin to lIk- udders. of Inciting cows 
for 5 days. Gentamicin bevels did not fall below a safe 
level (£3() ng/mU until the eleventh milking, 132 hours 
after LreaLmenL, Single IV doses again produced safe 
milk levels of pttaflricifi ;it 36 hours filter during. 
Because of concerns about residues, gentamicin H nr* 
recommended for use in cattle. 

Although gentamicin does not partition into and 

sequester in skeletal muscle (Brown et id. lM6bc l lad 

dad et al. 1987; Round and Riviere I9S8), substantia) 
retention of gentamicin did occur at the site of IM 
injections (Haddad ci aL. 1987). reaching conccniUa- 
liuris of 16.7 ± 11,3 |Jg/g at the EM injection site in 
sheep (Brown ec id, !9S6hh 

Urine concentralions are reported to be as high as 
107 ± 33 pg/mL after 2.2 mg/kg every 8 hours in dogs 
(Ling el aJ. 1981), and 362 ± 163 jlg/mL 3 hours after 
3 nag/kg in cats (temipn et al. 1988b), Urine concoi- 

tratioras in animals with pyelonephritis I Bergeron ct al. 
1982) and endotuxemia (lemigan et al. 19ftKb) are 


lower than in control animals given gentamicin, per¬ 
haps in part due to retention in the renal medulla 
(lemigan et al. l9Hftb)_ Changes in urine parameters 
have been reported in sheep (Garry et *\\, l990kJbX 
There is some iinfumiaLion on the u*c of gentamicin 
iii sheep and goats. El sheikh et al. (1997) dosed male 
Nubian goals and mide desert sheep with 3 mg/kg gen¬ 
tamicin IV and found m significant difference* in V (B 
clearance, and elimination half-lives between the 
specie*, Gaddi goats were administered 5 mg/kg gen¬ 
tamicin by IV, IM. and SC routes (Garg et at. 1995). 
The eluniniUioni hdlf-lives were 0,% 2,37 P and 3,5h 
hours for IV. IM, iiiid SC mutes, respectively- The study 
did show that the half-l ives of gentam icin do nm appear 
to he route dependent, as they are in the feline, The 
pharmacokinetics of gentamicin in normal and febrile 
goats has also been examined (Ahmad el al. 1994). 
Healthy aid febrile f&maJe goals received a single 5 
mg/kg IV dt»e of gentamicin, and its kinetics was 

namloeiL Diftepeioes in Mood senum concentrations 

between normal and febrile goals were nm observed. 
Apparent volumes of distribution and clearance values 
did not dliter between the groups; however the median 
value of gentamicin blood half-life was shorter in nor¬ 
mal goals (103.6 min) i han in febrile gimi* (136,0 mi n). 

Based on these data. the author suggested umll 
iMdjUhimcnl.s in IV doses ha>cd on steady-stale and peak 
and irough seram concentrations. 


AMIKACIN. Tables 43,6 and 43.7 Hal some selected 

pharmacokinetic parameters for amikacin in various 
species of animals. The parenteral absorption patterns 
of amikacin have been studied in several species of ani- 
mids, including red-tailed hawks (K^rco 
(BkHunfield et at. 1997). Lftoavaiitabdity of amikacin 
ranges from 909k after IM and 100% after SC doses in 
eats (Jcnnigan d at. 

± 36 minutes after IM doses, and 53 ± 19 minutes after 


I98ttd). Mean absorption time is. 55 


SC doses in cats (Jcnaifan et al. IpgRd)- The availahtl- 
ily of amikacin after 1U infusion nit horses is minimal; 

however, availability after ininperitoneal (IP) admlnh- 

iratiora (via instillaiion in coniinunus ambulatory peri- 
loneal dialysis) was 53 ± 14% in humans, with thera¬ 
peutic IP concentrations obtained for 72 hours after an 
IP dose of 7.5 mg/kg (Smeltaer et al. 1988), The 
ataorpimn J w2 is 5,7 ± LB hours, after IM dkising in 
viiako and \% iiYdependenE of the amhieni temperaturc 

(Mader et at. 1985), 

In dugh and calves, amikacin eoocentriiions peak al 

■pprojtiimately (1.5-0.85 hours (Citwufia and Taggan 
1973; Zjv 1977), with plasnifi depletion halMirves 

slightly longer after IM drying and particularly after 
SC dosing than after an IV dose (Baggof et al. 1985; 
Cat Li et at. 1990). The urine amikacin cmKeiurjtion in 
dng^ after 15 mg/kg divided into three daily doses was 
342 ± 153 jig/mL when obtained as- a 6- to 9-hour col¬ 
lection after dosing (Ling cl al. L9BL). Amikacin use 
Imls. abo been iimdsued in goptier lortoisess (Cilignin 
et al, 1990), The V 4 of amikacin in tortoises at 20P C 

(0.22 L l_/kg) aii mol appreciably different From thflst 
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TABLE *kl7—Nwiinlnift'nou^ disposHioci villues Cur amikacin in variouK Kpecies i means wilh Ntaikdaj’d 
drvinibns in pannlhiwl 


Spfldu 

One 

(nig/kg) 

Rome 

VJF 

txAg) 

cy f 

(nil -.'min/kyj 

iSi 

F 

Relent nee 

Horses- 

4.4 

IM 

m 

NIK 

NR 

100 

Oftiflittwl I9S5 

Horaci 

66 

m 

NR 

NR 

NR 

too 

OnkiieiiL I9S5 

Hones 

31 

JM 

m 

NR 

NR 

LOO 

Orainid hI. I9S5 

C3TlS 

5 

m 

0.16 

III.! HM I 

132" 

(1J) 

NR 

Nk 

Sfulleet aJ. m5 

Carts 

no 

IM 

0.2 

(0.02) 

150“ 

no) 

NR 

NR 

ShilJeec J.I. I9H5 

Carts 

20 

IM 

0.19 

10.02) 

123“ 

(21 > 

NR 

NR 

Slulle cl sf. I9K5 

Carts 

5 

SC 

0.19 

1 IJ.IJ 1) 

I3S“ 

03) 

INK 

NR 

sin lie ci sd. ms 

Carts 

10 

SC 

0.21 
(0.0 L) 

117“ 

<*> 

NR 

NR 

Sin Ml et nl. ms 

Carts 

20 

sc 

0.19 

(0.01) 

141* 

(2 3 > 

NR 

NR 

Stulle et al. 1985 

Cals 

5 

IM 

m 

ND 

m 

(36) 

iL'miyan el al. I9SM 

Carts 

5 

SC 

m 

m 

m 

300 

(191 

Jtrni l'uii cl aJ. I9C IBd 

Sheep 

7.3 

IM 

ND 

ND 

n.% 

B7 

Cwli el al. 1990 

Calves 

7.5 

IM 

m 

ND 

t.94 

99 

Carla fit al 1990 

Afcku grey pun* 

5 

M 

sd 

ND 

1.1 IM. 

9H 

fjmawiJI d aJ. 39H9 

African grey pfifroi 

10 

IM 

ND 

ND 

1.04 

61 

GronwalB et «L 39ft9 

African grey 5 jporrort 

15 

IM 

ND 

ND 

0.97 

lift 

(inirtMball mi al. I9S9 

Gopher snake (25“ C) 

5 

IM 

0.29 

(0.04) 

1.9 

(0.29) 

1.2 

(0.17) 

ND 

M«fer ctaL 1915 

Gispher snake (ST C) 

3 

IM 

(Mp3 

(0.31) 

5.S3 

(1-6) 

1.25 

(0.5) 

ND 

Mader ctaL 1983 


Source! Adapted I rum Brown and Kiuunr l*wi. 
NJJ — mil dukL'miineil; NR ■» ncH reported 
“ml/min. 


amikacin in this study. Five-day-old fioals did have Mu- 


tfitically %niffcniit higher CI B value* Chan the 3-day- 
old fonts. The study Uddaku by slating that the 10 
infusimi melhudukigy m neonuUd foals is a sale and 
effective technique for drug delivery when the IV route 
cannot he used, particularly in cam of dradatory od- 
lapse. Amikacin, like caber aminoglymidesl, is puuriy 
ateortwd from ihe gastrointestinal Uthj 4 of the horse. 
Hocipool ei jI. (1994) administered a single dose of 
amikacin IV and two PO dam to beam, punks, and 
donkeys. Detectable blood levels of amikacin were not 
found ill any of the animals dosed orally with 


amikacin; likewise., ihj amikacin was- lound in I tic fce.il 


malaria!! of animals dwd with amilkaein by (he IV 
route. Amikacin had little, if my, effect on Ibe number* 
of via ble bacteria of the normal gasiroiniesiinal flora of 
these study ammaK. Given ihc mode of aciion of ilk 
iiFlinoglycos.ilte, lunik adn appeal* so have negligible 
effects in the anaerobic environment of the gastroin¬ 
testinal tract. 


Scrum euiieenlfulions of amikaein have also been 
studied in mares in escm* After induction of cstnii, 
mares were dosed with L.O or 2.0 g amikacin by 
intrauterine (HJ) infusion every 24 hours- for 3 days. or 
given an IM injeciion of either 9.7 or 14.5 ing/kg every 
24 hours for 3 days, Amikacin wu not detected in the 
serum of mares given the 1 g IU dose of drug* Low 


blood levels ([>.51:-0.71 pp/mL) were detected at 1, 2, 
and 4 botiil after RJ infusion after the first and third 
treatments. As expected, IM injections produced 
dcccciaWc scrum levels of -nmiikiidn, with peak concen¬ 
trations attained at I hour (9.7 nig/kg) and 2 hours 
(14JS mg/kg) after dusiiig. 


KANAMYGN. Because of the slfuciuroJ similarities 
between kanamycin and amikacin (amikacin isiynthe 
sized from kanamyein), the pharmacokinetics of 
kanamyctn into ami fcadn are very similar Ljshcv el al. 
(1992) studied species differences in the ptuirmaL-oki- 
neLics of kanamycin in sheep, goals, rabbits, adult 
chicken*, and pigeons given a Id mf/mL IV dose of 

kanamycin. The differences in the V in time aniumil*. 
were small, -all being between 0.254 and 0.292 Msg. 
F.iglrtaert’day-old chicks- had die largest V, (0.671 
L/kg). 3n calve*. IM doses of 10, 25, -and 50 mg/kg pm- 
duecd peak can central ion& al 1IT mtlHJtes of 31 ± 
3.1 p.g/mL_ 57.3 ± 4.9 jag/ml., and 54 ± 14 pg/rnL. 
respectively, The kaitamycia elimination hall-lives of 
2: hour* in all three Instance* were identica l to amikacin 
(Ziv 1977). Similar Imlf-livca of 3.10 ±0.17 hours 
were observed ill hotltt (Baggett el al. 19k 3) and 
sheep (Andrdni and PignatelU 1972). IM availability 
(f) of kanamycin in hordes has been repoiled to he 
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approximately 100% (Baggctf ci al. L98 I)_ After a dose 
nl 25 mg/kg of cither kanamyrim or amikacin 3V' in 
dogs., V d was 0.23-0 25 L/kg, and after 1M dosing in 

iluu same study, absorption r ir . were 0.4-0.75 huurs. i 
wtUl apparent eliminatiLni t lf2 of 0.9-ll .2 huurs fur both 
amikacin and kammycin iCabana ajid Taggan 1975). 

The kianatnycin i [Q in dugs after a ift nig/kg IV do$e 
was 0.97 ± 0l3I hours; after IM dewing, nine Fmean was 
R9 1 lfi% r with an absorption of 0.15 ± 0.003 hours 
(Baggot 197HJ. Synovial lluod kanamyein concentra¬ 
tions in horses were equivalent to serum coneentraEanns 
4 hours, after a 5 rng/kg dost JM. whereas peritoneal! 

kanamyein coiKtntriticiM were equal i» w higher than 

scirum kanamycin concentrations at 3 hours postadmin- 
iAUalkm. The maximum serum cunL'entrulions of 12.6 
± 1.89 (mean ± SEMs were observed ] hour after IM 
during (Brown el al. 198l|. Although a y phase was 
observed in the bloodstream of horses, a he drug appar- 
enlly did nod penetrate into the peritoneal or synovial 
fluid, because after 12 hours those concentration* did 

not parallel strum tuiKentrutions. (Brown ei al. 1961 }. 

Firth et al. (1993) gitve aduh ponies a single Ift mg/kg 
fcaumyein dose IM- At 2 and 5 hours after dating, ihe 
iiieiacarpeiphalangcal. intercarpaL radiocarpal, tibio- 

larsal. and metatarsophalangeal joints underwent 
artJiniccnlesi* lo determine kanamycin concentrations, 
in the synovial fluid. There Wte considerable ■varisEiun 

between joints sampled id each time point, and the 
authors repented ihul the variations wore not consistent 

between animals and chat these variations were not sta-- 
tislkally significant!. Al 2 hums after dosing, synovial 
fluid CLincenlraiions fluctuated betw een joints but aver¬ 
aged 50$ chas of serum ccncenlratioiL At 5 hours. &yn- 

oviii I fluid com^ntraLion* were approximately 1454 of 

plasma concentrations, Urine concentrations of 
kaiuunycin in dogs given 5.5 mg/kg twice a day were 
473 ± 306 pg/mL urine when obtained as a 6-huur col- 
lection after dosing (Ling et aL 1981), 


AFRAMYCWL Apnamydn, an aninoglycofllde de¬ 
rived from Sirtpumyrts wntbmrius (Ryden and 
Moore 1977 J r is the newest airuiHglycn&uie introduced 



for veterinary use. Admiftistflllon of 10 
apramyein IV to prerurninani dairy calves it Mitred in a 
V ol' 0.71 ± 0.042 L/kg, a V f of 0.34 ± 0.065 I Jkg, a 
Ci M of 3,22 ± 0,44 mL/min/kg, und si i iP of 4.4 ± 1.2 
hours- (22V eE at. 1985). Urine recovery' of aprumycin 
accouiud for approximately H5% of Ehe dose lifter 24 
hciiirs, Apranvydn pwik concentraflions after IM doses 

of 10 and 20 mg/kg were 19 and 40 pg/iinL. respec¬ 
tively. although peak Gonctntmims occurred some¬ 
what later after Lhe larger dose. There was no plasma 
accumulation when IM doses of 10 of 20 mg/kg were 
given daily. UioavailabiliLy of apramycin from IM sites 
whs quite variable, ranging from 50 to L00ft (Ziv et ai. 
19ft 5). 

Apramycm pharmacokinetics has also been des¬ 
cribed in licLEriing cows* ewes, and goals (Ziv ct al. 

The IV pharmacoki inclics of 20 
apramycan was scry similar in the laclating, cow. ewe* 
and fHh with an elimination r ( .. of about 2 hours, u V d 
between 1.26 and 1.5 L/kg. and an IM absorption 
biusftui lability between 6ft® and Tfttt* Aft species- hud 
higher penetration of iipraimycin in the milk finm 

inflamed widen than from clinically normal (imninas- 
titic) adders. The phanmicoldiipetics of upraniytin in 
Japanese quails has also been described tlaishcv and 
Mihailov 1994). 

PhaiMA^kinetk fl&U for iiprarnycin in selected 

species are presented in Table 43.8, 




TOBRAMYCIN. Tobramydn is produced by Ssrep- 

rowrycej and is structurally similar to 

kartantycin. Tobramycin is- noc extensively used tn vet- 

ennary medicine. although il is used occasion ally in 

dog* wd eat* because of it* enhanced efficacy against 

nnosl Pstudamm w.f Mmfinasa organisms-. En eats, 
tobramycin possesses a C\ of 2.21 ± 0,59 and ] .69 ± 
0.36 mUtriin/kg after doses of 5 DOg/kg and 3 rngAg IV. 
respectively, and a of t). 19 ± 0.0.1 and (k IR ± 0,03 
L/kg. respectively Ijemigan et al. 1988b). En chat same 
study, IV doses of 3 nlg/kg and- 5 mg/kg resulted in 

mean residence liine (MKT) of 90 ± 16 -iuhI 108 ± 21 
minutes, iwpeclively. Binatailahiliry after IM and SC 
tobramycin administratum in cats was reported a* 


TABLE 43Jt—Selected pharmucultinrlit parameters of iipramydil 


SfMdsi 


(lAghir) 

Ar> 

Reference 

Shaep 

a 167 

0071 

90.» 

L*vhei- el nl, 1992 

Cow ClocluliTigl 

1.203 

11164- 

lift 

Ziv m al. 1995 

Ewt t lat UluLg h 

1.446 

14.842- 

US 

ZivctiL 1995 

CjliuL (.lilt;luting i 

1.357 

11 jtMF 

2-14 

1995 

EUbHB 

0,284 

0,258 


1 jjslitrv el ill. 1992 

Adult dhickciira 

O.lffl 

0,071 

1OT.54 

Luhev el nl. 1992 

1 S-dty-old diicka 

ti.254 

0-218 

4S.0 

Lubov et nl. 1992 

lapuiwsc quail 

ft 133* 

(km 

<L50 

Liisliirv diid Mituituv L994 

FlgCdllA 

0.077 

0210 

15 24 

Lutiev el nl. 1992 


Wh in mLAg/inin. 

*V b an.ii, not sICJHiy Uate. 
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greater than IOO%\ most likely caused by residual drug 
left in tissue depute from ptnious lubrunydo udmm- 
istratbofB (lemigiin et al. IPSSd), The mean abwrption 
times were 35 and 60 minutes, respectively Urine 
tobramycin cowenlTations following; 2.2 mg/kg 3 limes 
u diy were 66 ± 39 iig/mL when urine was obtained as 
4 i 6-bow collection in dogs (Ung et ni 1981), 

Camels iCttirtvItrs diumedariui) have been dosed 
with IV and EM tobramycin and their pharmacokinetics 

described (Hadi ct al, 1994). After a single IV dose of 
tobramycin {] .3 mp/kg). the distribution phase half-life 
(f li7 J was IdLii minutes., followed by an diminution 

phase <W of 189 minutes. The apparent V d (area 
method) was 245 mUkg and V Mm¥ wm 228 mlAg. 
Cfeamnce measured at 0.9 mLAvun/kg,. After a 1.0 

mg/kg IM d(»e nf tobramycin, hiosavai lability was 
almost 9I% P with an elimination half-life U of 201 
minutes. The disposition kinetics of IV tobramycin in 
all camels evaluated was best described by -u two-com- 

pirtmeat open model, whereas ill Nn one trf the camels 
were best described by a wreK^patraenl open model 

after IM dosing. In humans, using a three-com part men! 
model, tobramycin V A and Cl p decreased and f t . 
increased slightly with decreasing renal function 
iSchentug et al. 19785. 

NGOMYC1M. Neomycin is not used sysicmicalljy in 
human medicine. PharmEHtokinetic information about 
neomycin's use in human and veterinary medicine as 
very limited. In calves administered 12 mg/kg IV, V 
whs *K39 ± a 13 LAg. and r, was repotted as 167 ± 48 
minutes (Black et all. 1983) although half-lives of 
approximately I hour have been observed (Drury 

1952), Biqavfljlability niter IM dosing of neomycin 
was 56 ± 5 A% in cakes (Blnck et al . 1983) and 74 ± 
27% in horses (Baggot et al. 1981). The pharmacoki¬ 
netics of IV. IM. single PQ, and repeated PO fttumycin 
in ruminating Holstein calves has lx.cn described (Bed- 
crsoli et al. 1994k Variable absorption races were also 
observed. In horses, a r, :|l of 2.1 ±1.0 hours has been 
reported, in addition to a V d (areal of 0.232 ± 0.061 
lAg and a CI H of 1,3 ± 0.4 mUmin/kg (Bstggot Cl al. 
1981). Neomycin did not accumulate in inner-ear tissue 
as did other aminoglycosides (Dcsrochens and Schacht 
39821 but Wifi more potent than any other clinically 
used aminoglycoside al displacing gentamicin from 
renal binding sites (JkMCpovttz; et al. 3982). tL'om:entni- 
ciuii.v in guinea pig iissues other (him- the kidney con¬ 
tinued to increase during 3 weeks of Treatment with a 
dosing regimen of 100 mgflsg/day administered SC 

(Damchen and Schacht 1982)* Terminal half-lives 

have been estimuKd in tank to be between 55 and 65 

hours, aflcr single parenteral! dose* (Siddique et al, 
1965). Neomycin > use today is limited to topical anti¬ 
bacterial therapy (see Chap. 53). 

DIM V l»tt< )ST REPTOM V C IK Pha run wo k i netic 

studies are sparse fine d ihydrustreptomycin. the First 


aminoglycoside used clinically. After IM doses of 5,5 
mg/kg dihydmsirvptiunyci n. maximum eowrenl i uikiJK 
ranged from 5.1 to 17.0 pg/mL, with peak concentra¬ 
tions occurring earikr and more variable from the com¬ 
mercial preparation containing procaine pemelllin iu 
d-ibydriirttfcplomycin, dtetsiimclhasone, and chlnrphem- 

an mil Hi..ii In in lln. uumrivr. ul (MikIuilI ConEailluiii! 

only dihydrcrtieptomycin and procaine penicillin Ci 
(Rollins et al. 1972). Hal Mites range from 2.35-4.50 
hours in cattle to 1.5-9.3 hours in horses, with a calcu¬ 
lated 7 -phase half-life of 6.3 hours in horses to a pro¬ 
tracted 40 hours in ciulfi (Hammond 3953; Mercer et 

sil. 1971 5 Riviere ei al., 1990). Streptomycin invt dihy^ 

drt^ifeptCKftiycin i in hocscs hud a r of 3,4±0.4 hr, a 
of 0,231 ± 0.WI 17kg. and □ Cl,, of 0.77 ± 

0.14 niUkiitn/kg (Baggnc et al. 1981). Because strepto¬ 
mycin and dihydrnsIrepLomycin are chemically very 
similar, their dispositions also may be nearly identical. 
Dihydrostreplomycin has been used successfully in the 

treairoeiii of cows infected whh imrrmf^v^ 

serovar fhmff& subtype himljuiktiis (Ckrrilscn ct al. 

11994). 

PA ROMOM YON. PhiDmomyci n is a w kk ■ spedrem 

artiiihi^lycoside antibiotic produced by ■Srrejwo.tfn 
rimtysm var. fxtmmtmycmm and. unlike others in this 
class, has hoi h gram-positive and gram-negative activ¬ 
ity. Paromomycin is poorly ihflbed Irorn Lhe gas- 
tirunleslinal LnwrL. which is dearly an advantage if used 
to treat certain bacterial or protuziSal gasErciinCestinal 
infections. The phairriftcokinecks of paromomycin in 

the dog has been ck^-ri bed by BelMf a al. (1996): see 
Table 43,9. 

GtohJto. Uixhrm*rHtf, Emtmrwhtt hl&tofyticu. and 
fScjJrfurrJru^M c&ii have all been demonstrated to be sus¬ 
ceptible to ponimomycin (Barr et al. 1994; Bcllnli ct al. 

1996) l Paromomycin has been used to treat cryp- 

inxporklicbix in u cut (Bart ^t ul. 1994) and leishmania¬ 
sis fJifiJu/wt) in the canine (Poti et al. 

1997) . However, a retrospective case study in cats 
traded with high-dose oral paromomycin (165 mg/kg) 
suggeued that 4 of 31 individuals develop®! acute 
nephmiosicity, deafness, and/or possible cataract 


TAHITI 4.3. -1 )—Pharmuenkinetie parumpeiters 
of parcinioim tin in the dug 


Paranieler 

EV 

IM 

sc 

tl/M 

2E.34- 

13.31: 

12.43 


91.03 

114.22 

120.86 

WlAg) 

0.51 

ND 

NCs 

V* OA*> 

0.33 

ND 

SD 

CL (LMrAer) 

0,0037 

ND 

ND 

c ~. (l^nnLj 

KD 

32.1 

36.3 

r 

NU 

>0.99 

>0.99 

MKT I.fti in) 

98.7 

204.8 

203.8 

K f] (min 9 

0.0 IS6 

0.0061 

0.-0057 


Source' Bclluli cl ol. 1996. 
Note: S\J = noc datenndiMd, 
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tbrrnaLiqn (Citnluii, el ilL„ IW), implying that enough 
nral ahsorpiion occurred for this large and highly 
charged iimmoglyoofiKlc to exert m adverse effect 
Therefore, ukc of thiii drug at these high dotes should 
he approached with caution unlil further data are 
available. 
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CHLORAMPHENICOL ANT) DERIVATIVES, 
MACROL1DES, UNCOS AM IDES, 

AND MISCELLANEOUS ANTIMICROBIALS 
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C li lonm |s li irimi c nl 
t 'htmk.Ll Features 

firing h'iRniiiilLiliiiiis 

Mi l IkiiiiiMii of Action 
-S [K'.t rmti of Acthily 
BwferM Resistance 
Pti si nr m to k i rwr t i es 

Adverse EITpcin and Precautions 

Drug liikTJtiUm-N 

Clinical Use 

Cliliirumiklu'nkiil DurvafrYcs 
Thianphenicni 
KtorfcrirEol 


inhibit protein synthesis m huctcria (.with macmlide*, 
lincusamades. and chloramphenicol ailing -ill a similar 
site), iirc relatively broad spectrum. and have a large 
[ volume of distribution they achieve effective L-un- 
S craLratiuns- in most tissues h 

Some of that drugs are nert us cgonnoa nr us avail¬ 
able as in previous years. Some older drugs have given 
! svjiJ-- to fHWET dfllVIliVHr For v s ihrnpke. newer 

nacnlidH such as latbraiyciD have replaced eryth- 
fonyctl for UHK uh in mall-«iml medicine, aurd 

florTenicol has re-pl^ed chloramphenicol for ue in cli¬ 
ck. Gutter edktau af this text should be omuhed fur 

mure in-deptii discussion of these older agents. 


Macmlide Antibidim 
Source and Chemistry 

Drug Ki.i I'lhhfcLl Lil i4?iLs 

Mechanism of Action 
Spectrum of Adlvfl) 

FhuuuultitaHtlefl 

Adverse EfTccts and Fra canlions 

Dru| [nleruclJiMH 

Clinical I se of tlrylhromycin 

iyui 

lilrvitrosin 


Clarithromycin 

Aztthmmvein 

LincoMunidiH 

I lufliijffll 
Clindamycin 
MUcdtarwHK A mlhlotki 


Hndtracin 

Novobiocin 


Thiwlnpton 

Ritompta 

\Hwftinnis 


VLrjtfniamyrin 
(!irhaiki 
V am i urn. cin 
MtlhtnujiiiiK 
Polymyxins 


Several of [he drugs discussed in this chapter do not lit 
inlo other categories csr are nol important enough for a 
■qiiMt chapter. They are grouped together here 
because they have certain faUDH ilk common: llKY 


CHLORAMPHENICOL 

Chrmkul Features,, Chlcsomphenicol chemically is 
0-f-)-4lWM-1 -p-nilrulplienyF 2-dichluroaceturriLdu IJ- 
pnpUOdM (Fig. 44.1),, has a pK fc of 5.5. and was first 
isolated fVHD like soil organism Stnrplwrtiyt ri iwrr."j#e- 

lut' ill ISM-T. Tilt: ilhkiraiELpliL: rural uhuU tr>da_y is nunu 

fund synlheLically. Chloramphenicol i* tlightly sol¬ 
uble in water and freely soluble in propylene glycol and 
organic solvrala. ChlonnflHlnl is a hruacl-spectfun 

unlibl-ntic, affcctinp gram-positive and. gnim-negalive 
organisms, aerobic and anaerobic bacteri-a, and mum 
intniedlulaj organisms. CTiloramphemcol has three 
functional groups ihal largely deLcnnine i-Ls biological 

Ktivrcy: ihe /Haltrophetrol group, the didtioroacetyl 

group, and [he alcoholic group m [he third carbon of [he 
propanediol chain | Tunis IMS). Replacement £Nflhc/v 
NO. group by a melhylsulfunyl (HC 3 *SO,i moiety pro¬ 
duct's ihi;unphenicol and- a substantial change in bio¬ 
logical activity, while modification of the propanediol 


o 
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FIG. 44.1—The choniCd struclure of dilommphrniccJ 
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group by the addition of a fluorine mom results in the 
synthesis of florfemeoL Both thiamphenicuL find Hor- 
fenkol will be discussed in more detail later in this- 


chapter. Loss of the dichlwncciyl group altogether 

results in lew* gf biological activity (Tunis 1984$:. Hiril 
and Knifton 1986). 


Drug Formulations;. Three formulations of chloram- 
phcnicol luive been administered for systemic therapy 
in animals, Cliloramphenieoil base is the uneonjugaied 

form of chloramphenicol andl is available only in an 
oral formulation. Chloramphenicol base has a biiier 
taste, so to incrca.se the palatuhility, the ester chloram¬ 
phenicol p-ilmicaLe was manufactured as an alternative 

oral formulflikm, ChtoFamphenkcl palmitate is instnlu* 
ble in water hut soluble in acetone and ether. Before 


systemic absorption, chloramphenicol pal nutate is 
hydrolyzed in the small intestine by esterases, which 
release the free hiiw form of chloramphenicol to sys¬ 
temic lirvulatiufL. Similarly, chloramphenicol succinate 
is u formulation for parenteral use that requires hydrol¬ 
ysis reactions in the plasma to produce the active drug 
(Ambrose 1994% The succinate form of the drug is 

freely soluble in water and can he administered intra¬ 
venously (IV) or intramuscularly (IM). Topical formu¬ 
lations of chloramphenicol have been used for olic and 
ophthalmic use. Because of the decreased use of chlo- 
i anijlheii ich] ill human itk ilieiric, some of the formula- 
lioofl mentioned above arc no* as readily available 
today, if at all. 


Mechanism of Action. Chloramphenicol inhibits pro¬ 
tein synthesis,. Its biologic activity is duf to interfer¬ 
ence with peptidylttunsferase activity at the 5(H3 rihn- 
somal subunit, which is near the site of action of 
macroltdc antibiotics and for which there can be aim- 
petition (YunLs I98flj. Because of the interaction with 
peplidyltnmsfera.se. binding with the amino acid sub¬ 
strate cannot occur, and peptide bond formation is, 
inhibited. Chloramphenicol affects mammalian protein 
synthesis m BOOK degree, especially mitochondrial 
protein synthesis. Mammalian nttitochondrial ribo- 
somes have a strung resemblance to baelcrial ribo¬ 
somes (both arc 70S), with the mitochondria of the 
bone marrow especially susccplibfee. Prolonged udmin- 
jslrulion to animals bus been associated wish a ckise- 
velaied bone marrow suppression, especially in o!s 

(Watsqn 1980)* 

Spectrum or Activity. Chloramphenicol has a broad 
spectrum of uclivity. It is active against Sfapkylocmx U-f 
triirfmnl fpi.v, s, Mreptwwei, and some grarn- 

negarive bacteria, such && Fht$mmtfo mnltocida, P 
kocmotyticHi and Haemophilus samma. Escherichia 
C&U. Prrrii'a.v vt$i$arjj m arid Salmonella spp. may be bid- 
cepLi ble, hut resistance can occur with mmy gram-neg¬ 
ative huctena, especially ihe F.nierohacterac&ie.. Revk- 
lance by staphylococci may occur with increased use, 
Anaerobic bacieria,, Mycoplasma spp.. and many rielk- 
ettsiac also arc susceptible. The National Ctmmille* 


for Clinical Laboratory Standards (KCCLS) approved 
breakpoint for susceptibility is £4 pg/mL for strepto¬ 
cocci and <Jt |Jg/inL for other organisms l Walls, et al. 
I! MW). 

Bacterial Re>i stance. Four mechanism^ of rod st¬ 
ance to chloramphenicol have teen described tYumU 
LMfiN). The most important is plasmid mediated due to 
the presence of the chloramphenicol acetyltransfcra.se 
enzyme, which cuLulyEts li reaction that modifies the 
bytlmstyl group!. Ch tofamph enkol u*ety I transferase 
was reviewed by Shaw- and Leslie (1991). Other 
mechanisms of resistance include decreased bacterial 
cell wall permeability, altered binding capabilities at 
I he SOS ribosomal subunit, and inactivation by 

niliwdKlues. 


Pharmacokinetics 



AND DISTRIBUTION■ The phanmaeoki- 
netic parameters nf chloramphenicol have been snidied 
in several animal species and are summarized in Table 
44.1. Chldnirttpheniodl m animals is well absorbed via 
both oral arid parenteral mules, with a few notable 
species exceptions. Plaama half- lives very, ranging 
from (1,9 hours in ponies to 5.1 hours in the eat (Davis 
ct al. 1972). Watson (1992) report (hart fits ted cats 

showed d inferences in absorption between the ctiloram- 

pbenieol ut'Mete and the ehlManipheniiDcd palmiiate 

suspension. The Liquid formulation showed a Lower 
systemic drug avail ability, indicating that hydrolysis of 
the palmitate form is necessary and that there is a 
higher risk rtf drug failure when the palmitate suspen¬ 
sion is used to treat sick cats that are also hue eating. In 
ruminants, mieroflora present in the ruminant 
furestumaeh Lend 1o metabolize chloramphenicol faster 
thui il can Ik absorbed, making chloramphenicol 

administered orally of little systemic therapeutic use in 
ruminant animals. This, point is rather moot since 
adminisiraiioii of chlLyrampfciiieftl to food animak in 
Lhe Limited States is currently illegal (discussed in more 
detail Uier in the chapter). In must animals, 10-46% of 
chloramphenicol is bound to plasma proteins, leaving 
much of tli^ drug in the free and active form. Chhram- 
phcnicol is widely disiributed to nuny areas of ihe 
body due to iis nonicmlMd Mate 4 «imJ high lipuphilieily. 
enabling it to cams lipid bilayers quite easily. The vol¬ 
ume of distribution (V § ) as typically grcaEer than 1,0 
L/kg and hai b®en iirtaibued m l 1.5 iTkg (Tubk 
44,1). ChjiKramphenicol reaches sufficient concentra¬ 
tions in most tissues, of the body, including the eye, 
central nervous system (CMS), heart, lung, proaute* 
adivlt liver, and spleen, anncmg others (Ambrose 1984; 
Hird and Knifion I9®6). ChloramphcnkroJ concentra¬ 
tions in cerchrospimil fluid (CSF) ippit^imwcly 
Sfl^ of corresponding plasma concentrations. In 
horses, because of rapid elimination rates, I issue lluid 
COACeiliratitHU persisted lor only 3 hours aftei IV 
administratinn of ehkifiiniiphenicol sodium succinate 

4Brown et at. L9H4). Chloramphenicol cun also cross 
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TABLE 4-1. l—f'triiiiritird 


Ptwe 



Naif-life 




Special 


Route 

PoinulBtkH 

( { \np > (brj 

V, tykes 

Comments 

Reference 

Boils 








(1 day old) 

25 

IV 

SnflftlBBlH 

$.29 

l.l 


Adhrason el nl, 








1991 

(3 days okD 

25 

rv 

Succinate 

1,35 

□.759 


Adiinum el al. 







1991 

£7 days old) 

25 

IV 

Succinate 

0,61 

0.491 


AdlfliHH tt al. 







1991 

£ 14 days nld> 

25 

IV 

Succinate 

0,51 

□.42* 


AdauiMHi CL al. 

I99| 

AiLnfciMMi CL al. 

(42 dnys nld> 

25 

tv 

SuccinutL' 

□.34 

0,362 








|99| 

(3 -9 days nidi 

50 

IV 

Succinite 

□.95 

1 .ft 

After i.Tal suspcmtini 

BnurnAkuigh ci al. 






udminitfcred oil, 

jivaibbilily was 

B 3% and half-life 
of 2.54 hr 

19B3 


Rabbits 

IOC) 

IV 

Sura inane 

LISTS 

NA 


Mayen, et a|. 1991 

Chickuns 

2B 

IV 

Slice LimAe 

KJ2 

0.24 

Nurnuil animals 

Arefei il 1991a 
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the placental burner in pregnant animals jtnd can dif¬ 
fuse into the milk of nursing animals. 


Metabolism and Excretion, Chioranipberik^ is 

metabolized by the liver after absorption into (he ays- 
»mk dMlIiAiwn. Phase II glucurijfiidarion is (lie prin¬ 
cipal pathway for the hepatic bknrarixfurmalkin of 
chloraanphemcoL with (he principal metalmlixe being 

ehlofamplienico] glucurcmide, A few hydrolysis prod¬ 
ucts have also been identified. Cais excrete chloram¬ 
phenicol more slowly than other animals, perhaps 
owing to the cat's deficiency in some glucuronidase 
enzymes. One report notes ihafl 25% of the lolal dose of 
chloramphenicol is excreted in (he uiine in the active 
form in caLs compared to 0% in normal dogs (H ird and 
KnifttWi 19M). Most of ihc absorbed chloramphenicol 
(Appirailfialeljy 80%) as excreted into (he urine as inad- 
live metabolites via tubular secretion. 

When chloramphenicol is administered lo young ani¬ 
mals. (here may initially be reduced excrelion. Calves 
shewed dcvreiiwd hepatic glucumnidalion of chloram¬ 
phenicol soon after birth, bul Ibis metabolite pathway 

matured quickly. Calves also showed higher oral avail¬ 
ability than older annuals because of immaturity of the 

rumen, with a marked decrease in oral absorption as the 

calve# age (Borrows, et ah 1984). Brotnbaugh et ml. 

(1983) found Ihif in neonatal horse*, elimination and V d 

did not differ from adults. Broa vail ability in foals was 
83%, with on oral half-life of 2.54 hours. A dose of SO 
mg/kg Willy every 6 hours should be adequate for Creat¬ 
ing mm suseepiibk bacteria in foab. 


Adverse Effects and I'rtTuulion^, Bone morrow sup¬ 
pression has been the most important adverse effect 


associated with chkinunphenk-ol Lidirihti Oration lo peo¬ 
ple. Bone marrow injury from chloramphenicol lake# 
two forms (Yiuiis 1988), The firs* type is the most cirmi- 

■non and involves a dose-related suppression of the 
bone marrow prccuraor erythrobd series. This toxicosis 

is reversible and usually ocauv when Wood etiferanv 
phenkml lwe]» are greater than 25 pgftnL. The evi¬ 
dence suggests (hot thus bane marrow -suppression is 
[he resull of mitochondria] injury and the suppression 
of mitochondrial protein synthesis- in bone marrow 
cells. Studies in animal species have described, the 
paJhology of bone marrow cell toxicity u a decreased 
enlry into S phase in dividing bone marrow cdls, vae> 
uotalion of the myeloid and eiythnid series precursor 


cells, and inhibition, of erythrotd and granulocytic 
colony forming unilsClAKC 1976, 1990), 

The second type of bone morrow loxicily. aplastic 
Uiemta, has been described in people hut not in ani¬ 
mals. In people, it is rare and independent of dose and 
(realmenl duration, and il causes bone morrow aplasia, 
chiefly characterized! by a profound and persi stem piiii- 

cyiopenia- This aplastic anemia occurs in approxi- 

maiely LlfUUOto 1:45JXW humans who receive chlo¬ 
ramphenicol. There may be a genetic predisposition to 
this form of toxicity. It appears (bat the puru-nitri* 
group of the chloramphenicol molecule is responsible 

for this more serious form of bom marrow (oxitity. The 
parshnltro group undergoes, nitreroditeiion, leading to 

(he production of nLtnwxhkiraniphenici'd and other 
hHtic mEenmediales. which (rigger Lhe stem cell damage 

ill humans (lARC 1976. 1990; Yufiis 1988)- Modifica¬ 
tion of ihe molecule to eliminate the para-nitre? group to 
produce either thiamfcnicol or florfenicol reduces (he 
risk of ddufiuiiphenicobaswiciatis) iiplmlie anemia, 
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CUonunpbcitkol-sDdneed iplut Lc anemia in 

humans is intpoflajil from a food-animal residue stand¬ 
point. If chloramphenicol in used to treat infections in 

And unimats, at i s poulbk Lhat low nocenitraftkHU of 
ehtonimphenieul in milk, meat and tuber edible ti^uws 
from thi; wunaU will he consumed by people and 
on sc aplaslac anemia in suscepfible individuals. Chln- 
ramphenieol residues have hecn known Bo persist lor 

pnilmbgcd periods ill fond auiilftak J KoiMUd £1 ail, 

I9K7), Even chough ihc amount consumed may he 
small,, ihc reaction is not concentration dependent. 
Thus, there is a public health risk for individuals con¬ 
suming thevc produels. URor ihi-s and other reasons, the 
use of dilor-iijnphenk'ol in bod-poducldg anknats has \ 
been banned in the United Stales. Ckhttmp/t&tic&l is 

pmfribiftd by r hr Fbtid oh\ tJ lint# Admt/dmukHi (fIM) 
for us* injSmt-pmtiicing animals in ih r limit'd Stint**. s 
The hazards of using chlHwamphenicn] in fond animals J 
have been reviewed (Scllepam 1984; Lxvy l9®4k ■ 

Glher adverse effects caused by chloramphenicol in i 
animal* arc uncommon,. However, young animals and J 
cals arc Ihc most sensitive lo intoxication due 1o 
impaired glucuromdatbun pathways. Cats given GO and 
12(3 mg/kg/dav PO every eighl Hours for 21 and 14 days 
rrespcccivclyi showed clinical sign* of depression, 
dehydration, reduced fluid intake. weighL loss, emesis, j 
and diaohea. Bone mami* hypoplasia vras also doa- 
memed in addition to patKylopenia (Wataoa 1980), 

Other iibvexiiganws (Penny ct al. I%7, 197(0 adminis¬ 
tered to gbis SO mg/kg/day IM. with the cals showing 
marked, depression and inappctcncc hy day 7 of admin¬ 
istration and severe hone marrow changes hy day 14 
and becoming extremely ill hy day 2 1 . Dog 1 ' sh(*wed 
milder signs of toxicity, mainly gastrointestinal (GI). 
bul doses- required to produce these effects were higher 
than what was administered Kb cats (22S mg/kg for 2 

wedu) r tn dogs. » changet were noted in peripheral 

hiOcu.1 CCll pupllhiliirils, |bl k ith llv <Jog£fh| the C3k *igtK 
of toxicity reverse when chloramphenicol therapy is dis¬ 
continued. Animals with impaired liver function may ; 
also Inive a higher risk of clhLoruiEii^innhiecpI intoxication. 

Drug Interacttons, CliloraiiiphenicoJ is an inhibitor { 
of ilk c ytoch ro m e IM30 drug-metabolizing enzymes. ■ 
ll is not known which specific family iff etuymec is | 
inhibited, in animals. However, dilonmphnlral ! 

administration to dogs has been shown to inhibit drug 
metabolism, and in dogs and cals., j| prolongs pen to- ; 
harbiLal anesthesia (Adams und Dixit 1970). Sleeping | 
times may be prolonged by 120% in dogs, and 260% in ; 
cals, due Lo impaired metabolism of peotobftfbkll 

Chkiramplkuicol also may inhibit the mettbaiiam of 

diguxin. phetvoharhital, propofol, primidone, and per¬ 
haps ertheir drugs metabolized by ihc same enzymes, 
lirylhromycin and chloramphenicol compete for the 
same sile of action M bacteria, and hnth drugs used 

together may produce antibacterial jinragomsm. 

Cinifcaii 13 m. Chloramphenicol has been used for 
treatment of a wide range of flnoeptiUe microbial 


infectious, including (how caused by salriHHwIlae. 

! intracellular and artnccBuiOff hjieteria, riekectsiae, ami 
i mycoptuAmala; mfectioas of the eyes and CMS; and 
infections due lo anaerobic orgulimi (EAJtC 1976. 

1990). One of (he returns for ic* popularity has been 

‘ the high lipophilichy. Chloramphenicol readily pene¬ 
trates cells, making it active against intracellular bacte¬ 
ria.. and it penetrates tissues that Otherwise are difficult 
m crcaL, such as the CNS. Chlovanphericd was shown 

! in one study to be equally effective for hreaUneKU of 

1 Rocky Mountain spoiled fever indues as fliroHoxaciR 
and Ictncydiiies (Breitschwcrxll el al. 1990). Although 
less popular than it oocc was. chLorampheniad hu 
been used to treat infection v caused by Staphylococcus 

spp.- streptococci, Bruttilfl spp_, AutnimUSa spp., t. 

COft, / J rr tmu.'i spp, P .S^j i*r jwjn t*lla spp., fluriihtv ut\ShmrtM a 

Corywbacfmw n pyogtnt& Eryslptioihrix Htu* 

jfopathiae. and KftMeflQ /mewwnktt. It is cujisls- 
tentLy ariivc againsi gnaerohic haeicria and has been 4i 

vuknal choice fur (rearing lhe« iDfections r 

Chkiramphenicol has been popular for treatment of 
infections- of the CMS (encephalitis, mcningilis) 
because it is able to cross the Inflamed or uninflanucd 
b^EKHl-bram biirricr and attain ilb^-rapeucie <;oiilxjiii ra¬ 
tions in the C$F and the brain. Dopib (he popularity 
for Lhis use. MHK experts have ^uggcMcd that since 

chloramphokol i^ merely bicteric4Ubc ipiast gmm- 

negaLivc pathogen*-, and iherv i* u lack of phagEKryl^* or 
imniuno^lohulins. in TSF, chloramphenicol is not well 
suited to treat serious infections of the CMS (Rabat and 
SimhcrknfT I ¥79), 

C'hloramphenicol attains high concentrations in the 
l b >l b when given lyrtamlcally or aficr u^pical nipplica- 
fion on the cornea and is useful in Irealing susceptible 
bacterial conjunctkiiis s panophllialinitii, eibdoph^ 

thahbiiik, and h&cterul diseasec of the cornea (Comer 
and Gupia 1973). Topical formuJliition& are mi as 

readily available owinp lo ihc ri.%k of aplastic anemia 
(discuvsed previouvlyk which can be caused by topi¬ 
cal exposure. Elorfenicol has been KkminJsterod sys» 
[emieaEty for ueaLing. eye infeeLinns in calllc (see 
belcrw.) 

Chlii^unphenicid Juls heeit ilwI to treat bacterial 

infection* of ihc respiratory iract because it may have 
better peneuauon across the blcNid-hninizhiis hsuier 
inio re*pLratnr\' wntWH and respiraenry lining fluid 
than nmre polar or less lipsphilic anlibiotica. Rc^pira- 
tory inteclions are among the inlccnoris in hnjn^s. 
LreuLed with oral chlurainphenictd 
ChlLvaiibphenictd is one of the few lln]g^ iluii can be 
udmankimd orally to horse* with safety. Ii achieve* 
moderate systemic ahsorption qf 21-40% (Gnurwall ct 
at. 1986) and has no KrioiU advene effects im Uw 

equine digestive synen However, oral indmini si ration 

rewuhed in imeslinal ODCOttl damage und diarrhea in 
cnlvxzs. and reduced glucose absorption i Roll in et at. 
19K6), For treatment in horses, tablets or capsules lit 
mixed with substances like molasses lht cum syrup (0 
fucilitulr oral adminiscnninn. Chloramphenicol has 
heen aidminiscered to horses for respiratory infecliuns. 



riahtec 





Hidden page 



Hidden page 



Hidden page 



Hidden page 



Chfbr 44 f CHLOlAilTiniDDL / Jhfftfli c. Fap\rh unri Jim £ Hrvu'rf f KTJ 



C* 3 


FIG. -44.4—1 h i: cbcinfcczjl slmclua's *4 crylfimmycini :inJ C).| , >in. 


antibiotics that: preferentially bind In 1best siiizs. malIi 
m other mncrulides and lincosumide* 4 Wilson I9S4). 
RcsiRlsn.ce bn achromycin i« animuh its several 
micruurgjmisms has been discussed in more detail else¬ 
where (Mugunre et al. IW9; Outtu and Deviiesc I98l p 

l9S24.hg L&clmt| and CoutvaIId 199!; Dcvriw and 

Dutta 1984). In small animals wiih sUiphyk^ticcul 
infection*, resistance wu& more Likely if antibiotics had 
previously been prescribed, especially in esses of 
recurrent pyoderma (Lloyd et al. 1996:. Medlemi et al. 
1 TOG; Noble and Kent J992). As summarised by Noli 
ai*J Boothe (1999)1. an increasing trend toward resist- 


:iisi>j Elk maLTCKhclus. *>> MiLph’yliaL’cii him Keen ■leiii-rMi- 

straced when ireaiing pyodenu l increasing from 1 U 
224L whereas in some countries, ihc incidence of 
resistance Inis remained relatively stable at around 
22-24%. 

Sperlrum of Activity. Erythromycin \\ mainly effec¬ 
tive against gram-positive organism* such as strepto¬ 
cocci, staphylococci, including fUphylftCOCCi Hint 
may be resistant In p lactams because of Ji l^tamase 
synthesis or moditkalion of the pciikillin-hinding 
pmlein target. Other organisms chat show in vim 
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macrol ide azithromycin is discussed in more detail 
later in this section, Its distribution co tissues is higher 
[ham other inucrulides discussed ho far., and its- V # Han 
been ulcus ured Jl liver 20 I /kg ui yjniniuU, I*lri iEkti n 
binding for nucralidn is low. wi th values of IH-30% 
for most specie*. 

iyh»in has gcKJtl ilmpfen from the Cl mm, and 
no enteric coaling U required to maintain the stability 
of the ranpwml in ihe riomach. ft is widely distrifr- 

uU'lI to haskally [lie same tissues as described tor 
erythromycin, metabolized by the liver, and excreted 
v ia [he bile and feces. 

Tilmicosin has slow absorption, 22% bioavajlability, 
a half-life in plasma of 4 hours, and extensive penetra¬ 
tion in milk iZw et jI. 1995). However, because of die 
high and per^iMenl d itiribuikn 10 tisMies, especially 

lungs, the plasma phamiocokineiics seem co have Li hie 
Qom?lalion to the observed clinical effects (Gourlay ci 

ai. I qmy 

Metabolism and Excretion. Metabolism of 

erythromycin is sia hepatic microsomal enzymes 

which causes a dcmelliytalicm of one of the methyl 
groups on the tk-Hosamtne sugar moiety ol Ihc eryLhro- 

mydii molecule. Link-' of Use antimicrobial Actimi as. 
retained after cfcmeuhytalion by these enzymes. These 

metabolic enzymes can he induced u ilh g^hennhaihiud; 
therefore, patients given phcnoharbital and ciyitimmy- 
cin simultaneously may experience more antimicrobial 
ifealmerut failures due to increased nteudnlbm. Most 
(90*) of ihe drug in the bile is in the metabolized form. 

Some active erythromycin (2-5*) is fn*i nd excreted 
into the urine. wiLh higher lewis found in the urine 
after IV dosing. Renal dysfunction seemingly does not 
have -an appreciable elfel on its elimination half-life in 
(be body (Wilson 1984), Although macrol ide* are mot a 
popular choice for treating urinary trad infecLions- 
because of their limited: spectrum of activity, high urine 
pH [ends to favor antimicrobial activity in the urine 
enviromiKivt (Subulh ci al. 1968). 

Half-lives ffn ^rySltTOiiycin range from less than 1.0 
hour in rodents and rabbits to .1-4 hours in cattle. 
T> b n to! tow ■, ;i similar pattern. '.<■ ir.h hjlf-lr. i> of I 2 
hours in most an Mauds. 

Adverse Effects sand Precautions. Side effects arc 
reported mure frequently in humans than in animals. 
Humans dosed with miCffolkltes (in particular, erythro¬ 
mycin) have experienced nausea ;uid vomUmg (rind 
formsk fever, skin «ruf twili, cholestatic hepatitis, ele¬ 
vated serum aspartate amtnotransferase K epigastric dis¬ 
tress. and transient auditory impairment, aiauing many 
other side effects. Cholestatic hepatitis, most com* 
moody social*! with the cstolate ester, is the most 
common of these adverse reactions, with the symptoms 
stilting 10-20 days after beginning therapy and ending 
a few days after the Cessation of therapy. Cholestasis 
associated w ith erythromycin use in humans is consid¬ 
ered to be a hypersensitivity read ion (..Sand? and Man- 
dell 1990a). Ill animals., however. few of these side 


effects are observed, and hepiiLilk has nut been a 
reported association. However, rcgurgaialLon and/or 

vumiting has inreu umniiwnly repined in small *uii- 

sreds, espiJL'iiilly dogs after m;il iidimmslialkui of erylll 

ramycin. In one report , erythromycin was the drug that 
most frequently caus'd aide effete after oral dwirtg in 
■.Lugs. (KmuLLl- ui id. 1995). Stimulation of GI motility 
may play a role in small-animal vomiting (discussed 
below under clinical! uses). In horses, erythromycin 
may induce diarrhea, which stops after therapy is dis¬ 
continued and is generally not fatal. Although these 
reactions in the horse may limit its use by some clini¬ 
cians, erythromycin is Mill tommoitly used in horses* to 
treat a variety of infections, especially in the fool. 

Drug hterictb^ EiylhATfnyein is a well-known 

hepatic microsomal enzyme inhibitor. Erythromycin is 
both a substrate and an inhibitor for Ihc cytochrome F- 
4511* enzyme (CVP3A4> r which is the enzyme system 
that is most ollen invoked in drug metabolism As ail 

inhibitor of the cytochrome P-450 enzyme, it may 
inhibit metatofem of drugs, such as theophylline. 

cyckwporiftc, digo&in, and warfarin. Concentrations of 
these drugs may increase when animals receive erylh- 
nnnyei n. KUlEihg in a potentiation of the phamSACO* 

logic effect or knkily. 

Oinieal 1st of E'rylhrnmycin, I>osts, of eryitmvmy- 
cin are listed in Table 44.3. Erythromjrin \s primarily 
used for treating infections tilled by gram-pusicis^; 

ohganis-tns, Because of the high diuribuiitm into dwiut!* 
and long persistence in sonic cells, macrolides arc par¬ 
ticularly useful for treating some infections caused hy 
bacteria that more-polar or Ics^-lipid-soluble drugs 
may have difficulty reaching. Erythromycin and other 
mocruhdc anLibiotics arc sometimes used as a peni¬ 
cillin akemadvt when penicillins have either Jailed or 
when there is allergy to penicillins,. Infections treated 
by erydirtimyctn inciude those aused by Siuphyl&cw* 

firs spp., SlFepiiyt'fH'rlLi spp., Ctiryttrfoirlrnum Spp. p 
CtmOfidium spp. r Li sierra spp_. Bacillus spp. r 

Eryxiptiflikrix spp„ Htfcmttphiius spp., ffru cello spp.„ 

FllStlbtiettfFilitft spp., fttl triUltUci Spp., Hi^rrvitn spp , 

and Myrnplasma spp. (Wilson 1.984). 

In small animals. cTythrixriiycin is used to treat pyo¬ 
derma caused by sAphylocKci (Noli himJ limnlw 
11999), rexpi ramry infections caused hy MyvuphmuL 

and diarrhea caused hy Cumpytuhntit't organisms. 
When treating €'ampylohactcr r crylhramycin Mopped 
the shedding but did not eliminate Ehe organism. Res¬ 
pirator) - infections ore sometimes Lrealcd with eryLhro- 
niydltp wen when a causative i.*rganism has not been 

identified because erythrumydit cimses the bluod- 

bronchus hamei and achieves favorable eonceiwraftiorui 
in respiratory tract secretions. Eryehmmyein has also 
been usalI ;i\ a treatment fur undifferentiated bovine 
respiralcHry disease and for pig infections caused by 
Eryjrpciathrix and far pig respiratory m l ections caused 
by StmptGcaccus and ftostcimtia. In poultry, erythrn- 
myei n is, used for trethMflt Of respiratory irtfctlions 
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cawed by [n Ibtk erythromycin is u'ifd,. 

in combinatimi with rifampin. Terr treatment of p neat’ 
VDnii cmutd hv RhtMhctttwt *qw£ However, there is 
hhk evidence [hat ctylhromydo ■dmimtecred ait*nc 
■nay be equally cfEktcicM. 

HffiCTS OX til MOTILITY LlyLhmmycin is a com¬ 
mon cause fflf vomiting and regurgi latn.ni in smull ani¬ 
mals In wk' slu-dy erylhnsniyci-n tifid uhIvpi imi rait!P< >pi 
priwluocd iht rtmW common advert effects in compar¬ 
ison to rjthi±r drugs (Kurile Ic ei a]_ 1995}, Although 
some najusc-ii from the oral preparations is possible, 
mt oF this effect is believed to be related to a drug- 
induced increase m Gl motility. This mechanism 
appears co be related to an increase in activation of 
molilin receptors- via tsleue of endogfllHU nunilin. or 
viacholinergic DKchaoifflu in the upper Gl tract (Hall 
and Wulmfrw IOT7: Ijcsier el al„ ] WS). At small doses 
{L mg/kg) erythromycin has been considered for use as 
a motility-stimulating drug in animal-s. Its clinical ben¬ 
efits for treating Gl motility disorders in horses is being 
esplured. Noi -all nuerdide antiMolkf -eshiht (his 
properly. 

Ktuui-AiukY CoNSitNikATiuNS. ErytluMnyci n has a 
0-day wiiluirawal time when used according cl> label in 
entile in ibe United Stales-. Erythromycin added to feed 
or water For poultry has a withdrawal Lime of 1-2 days; 
the specific product label should be CMfldted for ibe 
e*act wMhdnwal lime. In tfaeUtdledState*erythromy¬ 
cin should Dot be udminiMcred to tackling dairy cattle 
because 1 ! inacrolidcs ciwiccnirale in the milk For a long 

time after treatment. However, Canadian kidwlinjc lis 4 ?s. 

a milk withholding Lime of 72 hours after ii of 
2J-4^I« mg/kg. 

Tv Insiik. PhjrtiftacokineLie daia for tylosin arc listed in 
T-iihk 44.4., TykviD has been used therapeutically to 
treat "’pinkeye” 1 {Mpwrfb hnir) in cuttle, respiratory 
tract infections (Suapm et al. 1974bgc; Ote 1976; 
Jones 1974; Matsuoka el al. 1980), swine dysentery. 


pleursipneuTwma due to ftomophtixi paiuhanoiyti* 

CMi and a variety oF infectmis such as colitis in dogs 
(Stapm vt al, L974i) and other Inhctinw in cut*. 

chicken* i|Ose and Tonkinson IWkSJ, quail (Jones el al. 

1976 k mid turkeys (Wilwti 1984 ), lytmo has boon 

used more calenvhely a-s a iced additive to promote 
growth in f&od-produdng animals, such as. swine, cat¬ 
tle, and chickens iffloog atbm (Wilson J984). 
Residues bmn iylcHtin hiive been difCUtwd in other 
papers (Knothe L977a,h; Anderson ei al. 3966}. After 
administration Lo cattle there is a 21- and 14-day with¬ 
drawal time for slaughter for caLLle and pigs, respec¬ 
tively Tytrain concentrates- Ln milk for a lory; time after 
administration and should iftut be administered u> lac* 
tilling daily cattle. -Specific produce information should 
he consulted for wiihhnlding [tines when lykwin Is 
administered in teed or wuser to pigs orpouliry because 
withdrawal times can vary from 0 to 5 days, depending 
on the use. 

TUmicuin. Tilmicuwn is 2tLdeoxu-204J.>dimethyl- 

pjjxritttD- I yUdemyrnki, a newer iimurtilLdc antibi¬ 
otic Lhat is closely related to erythromycin. ItlnuDoan 
phosphate (Mkotil 300) has been effective for tnatini 
bovine respiratory disease and is as effective or more 
effective than other established treatments, such as cef- 
Liofur. oiytdrACyditti, or florfcnicol (Musser cl al. 
19**6: Hem el al. 1998; Jim et aL 1999), Oik study 
(Otf and Ito ddM on I^SS) reports that oF the Ft ja- 

imrt'lUi kuer-mttfaite d and AiswujvWjj MuhtH’Ida isolates 

■i 

tested were sensitive to lilmicosin at concenlralioras of 
£ft.25 ng/mL, and the drug was also active against 
MyrqpbwPKL iiKludhkK thou fn™ birvinpe iMilalcs. 
Oilier iKrganisms with in vlro^ suseepiihiliiy to lilmi- 
COfiin include staphylococci and streptococci. Most 
tfim-DCflltm org.^Ai.Miih olhex ihan PttxMtwHci and 

MiemapAiiiu are ndfluL 
Tilmicnid (in a 25% pnfyktt glycol carrier) ii 
reported to be effective as a ringJc-dHc tKvmnt of 

nwnflCal cidf pncunionia ^t dosages of 10, 2iK and jMl 
mgflig administered subeulaneously. In another study. 


TABLE 44.-1— Si'ltH-inl m.' 1 'iiiel phnrmHt'iiikiiHiie parmiitli-rs of lyltkSBirt in iwimiiib 


Spwici 

LXim* 

impfkpy 

KihjDl- 

HalMiff 

V. 

(Ln*) 

tdeme 

l>njis i Dudgiel 

m 

IV 

0.9 

1.7 

Wcivl ei al. !W7 

Ewes 

2D 

fv 

2M 

NA 

Zlv and Sulinn 1973b 

GonL^ 

15 

IV 

3.04 

1.7 

Atef eiai 1991b 

Cw 

12.5 

IV 

1 M 

l.l 

(Ufifridi et aL 1977 

Cows 

Catvus 

20 

IV 

2.14 

NA 

Ciingcrich et al. 1977 

(2 d:iys oM) 

10 

IV 

232 

7 

B«TM m al, I9f i 

< 1 wk iafd) 

ID 

rv 

1 M 

7.2 

Banrom til al I9S3 
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JV 

<hH 
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IV 

1.33 


flumivh-v ut al. I9K. 1 - 

wk oM) 

10 

IV 

1.07 

S l.l 

Bomneld 1981 

/u s.in^. icniLLsIi 

135 

TV 

4.7 

NA 

iMkt et al. 1:982 

Aviuds f l jL« 0 i 1. 
ppron ante) 

15 

IM 

1 2 

NA 

Lodes et ai 19f 2 


Nule: NA a data ifcH asailahk. 


Copyrighted material 


Chapter 44 / CHLOKAMmi^.m t .Ifurtf (*, Fttpirh ami Jim F. Rivim / Jail 


Calves with pneumonia were found to respond better 

when treated w iih 10 mg/kg S€ tilmKosin chan with a 

20 mg/kg JM dnsc of oxyietracyeliiic (Lawn and 

A fid reus 1991). In a shady by Gourlay ei a|, (1989) 

using calves created with 20 mg/kg SC Lilmiettsin, che 
high success rule in treating, bovine pneumonia ni 
believed to be due in pan Its ibe prolonged present of 

therapeutic concntnlioiB of lilifiicosln in (be lung tis¬ 
sues, Due to high affinity far certain »shia tilmkosin 
etinceiicraticms remain above itm MFC of susceptible 

nrgu.ikLsms for ai least 72 hours. Resistenee among cat¬ 
tle respiratory pathogens has been recognized (Musscr 
el aL 1996k However, because tilimcnsin has such it 
high concentration in seme iivvae^ (e,g„ iJk In ne;'. in 
viiro measurements of resisitmee may have link rela- 

liofufaip lo wtadier or noi ihe drag produces n cure in 

ejuile Mi iilb respiratory drseuxe (Muxser ei al, 19%), 
Tilmicosin also has been used a.s a prophylactic 
aratihinOc for administration to calves entering a feed- 
lot si tuation Tilmkosin reduced (he incidence of pneu¬ 
monia in susceptible calves when administered pm- 
phyiitetieully as a single 10 mg/kg SC injecLiM (Merck 
et ali 1993; Schumann et al. 1990). Tibtikmin used M 

a mehiphy lactic ircamicni in newly arrived fccdlm 
calves reduced prevalence of bovine respiratory disease 
and improved growth of calves (Vogel et al. 1998). 

The NCCLS guidelines fur lilmicusin susceptibility 
list a breakpoint of £8 jig/mL (Watts cc at. 1999). The 
eurrenisly approved dose is, 10 mg/kg SC els a single 
treatment. After treatment with lilmiecBin phosphate in 
eallle. there is a 28-dny withdrawal lame. Tilmaeosin 
should noi he administered to LactaLing dairy cattle 
because residues may persist in milk lor mure than 30 
days. 

Inject mils of lilmicudn tu horses, gnats. swine, or 
nonhumAit primates, oil be fatal. The henrl is the turgid 
oif toxicity in animals, perhaps mediated vja depletion 
of cardiac intracellular calcium, resulting in a negative 
inotropic effect (Mam el al. 1996k Epinephrine wors¬ 
ens the carding; toxicity in pigs, but dabutuminc has 

the cardiac depression in dogs (Main el al. 
The ell ecLs of toxicity are increased bean rale, 
arrhyilimiu. 4uwl depressed cnnlrocl i lily. Injected doses. 

of 20 and 341 mg/kg to pigs c&used death, but oral tilmi- 
eosin in pigs produces no* toxic effects. In anile* 
injected SC doses of 50 mg/kg caused myocardial tox¬ 
icity; 150 mg/kg was lethal. Doses as Urn as If) mg/kg 
IV have caused cardiac toxicity as well (Ziv et al. 
1995), 

Tilnticosifl phosphate is approved fur Irealmenl of 
swine respiratory diMT4i.se caused by Aciimbacittm 
jpihfeurr rf?nrumunia f arid ffoxlcurrlta matfocida. This 
form i PulmtHal) is administered as a feed additive and 
has been dtawn to be effective for conUulling pneumo¬ 
nia in swine (Moure et aJ, 1996). When injected in 

swine. Lilmieosin ha&cwred to*k r^liom and death 
due Lt! card iovascular reactkms. Horses should noi have 
access to feeds medicated with swine lalmicosin. There 
h a 7-day withdrawal time for slaughter when admin¬ 
istered to swine. 



The only other reports of Lilmicosin treatment in ani¬ 
mals is for Irealmenl of pasteurellosis m rabbits 
(McKay cc al. 19%). Single doses of 25 mg/kg SC 
were an effective Irealmenl torpaslcureLlosis in rabbils. 
There were no toxic side effects. 


Clarilhnwnyein. Clanthroinydu iFtiasin^) is a new 
imicroSirk that is semisynLhelically derived from eryth- 
fimiyein. It is primarily used in people because it is tol¬ 
erated better than erythromycin, has a broader spec- 
lirusm, and Ltmeeiurates in leukocytes. Oarilhranyein 
in combination with ranitidine and hkmulfi (Trilcti 1 J is 
currently used lo treat tteticobacMerpyhtoi infections in 

people.. In dogs. elariihtximyetn ikm not hare pharroa- 
cokinetk features that a nr 4te favorable m ihos# of 
azithromycin (the half-life is not as long), and except 
for pharmaeokinetic studies, its use in veterinary med¬ 
icine has not been reported (Vilminyi el at. 1996 L 

Azithmmycin. Azithromycin i.Zilhromas.') is the 
first drug in Ihe class of azul:itfc%. Azalsdes are derived 
from erythromycin and llteir mechanisms of action are 

similar (Erythromycin has a 14-llftmlwf fiiig StlUC- 

iure, and azichromyein has a 1 5 -member ring struc¬ 
ture.) Azithromycin has helier oral absorption, is bel¬ 
ter tofenlsd* has a much longer half-life (especially in 
tissues), and has a bitHukr spec I rum of activity than 

aylhromyciri 

Azilhromyein is aelive against gram-pi^iti.ve aerobic 
bacleria (scaphylocoeej and streptococci) and anaer¬ 
obes. However. Ihe activity against slaphyLococc i is Mi 
as good as erylhromyein. It has some activity against 
gram-negative bacteria such as Haemophilus hut noi 
against enteric gram-negative bacteria or 
Pseudomonas. It has good ac tivity against many mlra- 
cdlular organisms, including Chlamydia and! Joxo- 

plm-tna, It ix 4! Im;s aciiv^ agdf^t myeohacceria and 
M\rtjptmrm (Lode et al. 1996) 

The primary pharmaeokindie difference between 
azjlhnwnycin and erylliromyein is the long half-life and 
high concentration in umw*. Azithromycin has. an 
exlranrdinury ability to coficcnlrate io tissues, particu¬ 
larly leukocytes,, macrophages, and fihroblas.lv The 1 i^.- 
sue cdncenlration can be as much as 100 times serum 
toclcertMlkMte. Concentrati-uns. in leiikwytes. can be at 
leas! 200-300 limes Lhe concentratiuns in serum (Pan- 
teix ei al. 1993). Ill cals, ihe serum half-life is. 35 hours, 
tissue half-lives vary from 13 to 72 hours, and the V d is 
23 l«/kg (Hunter et al. 1995). In dogs, it uImi exhibits 
rapid uptake and persistent concentrations in tissues; 
the Vj is 12 L/kg, and plasma and tissue half-lives are 
29 and 90 hours, respectively (Shepard and Falkner 
1990). Oral ubsurpntm is high, with btonviiilaWIisy val¬ 
ues of $8% in cats c Hunter et al. 1995) and 97ft in dogs 
(Shepard and Falkner Q990). In pa?ple, azithromycin is 
absorbed much betleron an empty stomach (Lode el al. 
1996). 

Of particular iruero^t is the fact that the tmravd lular 
reservoir of aztchioinycin can apparently produce 
effective drug concenLraLiiin> in the inlcrstitiaJ fluids, 
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lion. Liitcomydil in well distributed in ill t body, wilh 

higbe.se tissue CunctfllTTlEwjfis in the I i>er and kidneys. 

while very low levels are obtained in theCSF (.Burrows 
1980; Ford and Aronson 1985; Kkcbier 1984), The V, 
in animals ranges from I to 13 L/kg, 


METABOLISM and ExilCtTlUN'. line hulfdife after 
oral, IMp or IV Adnuni^siori is approximately 2-4 

hours. Most of the oral dose, measured '^labeled 
lincumyein. was iccovcvd in the fetes and \4% in the 
untie after a single oral udmimstrulion to the dog 
(EDedQKT 1984); thus- biliary secretion of lincomycin 
appears to he an important route of elimination. After a 
single IM injection, 3R% of the dove was found in the 
facts and 49*$ in ihc urine of the dog. Urine excretion 
of the radiolabeled drug was complete: in 24 hours. aiid 
fecal CKicboii was complete within 48 boon for both 
dosing routes. It is nol known whether Ihis radioactiv¬ 
ity was associated wilh an unehangcd/uramctalx>]ized 
lititiomyCNn or wddl ihr metabolites ul ihis compound. 
An unpublished KpQft cited by Elomish et al. (1987) 

stated the parent drug was the primary form present in 
the u nnc of dogs and hu mans. 

Because of the potential for residues in meat from a 

food-animal residue viewpoint, the melabul iun and 
eKffitioft of lincomycin have been studied more exten¬ 
sively in swine md chickens fHornish ei at, 1987). 
When administered to animals, lincomycin enncciura- 
tions are highest in the liver and kidney, with low, albeit 

detectable, levels In muscle and skin. Lineomydn can 
pens unchanged from Hie body via (he bile and Feces or 
urine or can he metabolized to the glucunmide, W- 
dcjncthyl lincomycin, or lincomycin anlfoside forms 
by Ihe liver. Swine given oral doses of lincomycin 
showed that 11-21% was excreted into the urine: 3Mb 
unchanged tin com yt: in, trace UHHUils of jY-de methyl 
IlKoniydn, no li: neomycin sulfoxide or glucuromde 
forms, and ihc rcM Libeled “unidentified substances/ 1 
The leccs contained the remainder of the excreted lin- 
comycin: 17% unchanged lincomycin, possible (race 
iiirinurns. of HnoMiytiA sulfoxide* and 831 uncharjc- 
tmud metabolites lltomish et llL 1987}. Simihrly 
conducted studies in chickens treated orally for 7 days 
wilh lincomycin showed ihai the excreta contained 
«8WI lincomycin. <10% hncomycin sulfoxide, £5% 

jY<kmeihyl lincomycin. 


AuvEinst Effects and Phfjcautfovs, Dogs and 

cats have few adverse reactions lo lincomycin. Loose 
stools in the dog and vomiting in Ihe cart have been the 
major side effects reported (Kleckmrr 1984). Pigs may 

occaakinally develop diarrhea andfor selling of the 

anus within the firsl 2 days of treatment and will sclf- 
conrecL within a week after withdrawal from the 
aiitibiutftC. 


The matt serious Adverse effect ti t a n JincomycLn 
reported in people i* Lhar of p^iidwneillbraEious colitis. 
This is a scriotii disease in people caused by ail over¬ 
growth and production of toxin from CfatfjJrfjHW diffi¬ 
cile. which may be filial. In animaJs- wilh fermenting Gl 


tracts |horses, iximinants. rabbits, hamster*, chinchillas, 
and guinea pigs) there also i* a high risk of G l bacter¬ 
ial Overgrowth with Clostridium from li neomycin treat¬ 
ment.. Severe enteritis, enterocolitis, may lead to diar¬ 
rhea and death. Ocher bacteria Also have been 

implicated in this reaction, swell 11 $ SerlmfWf^Ila s| kjt. nr 

£. coti (Burrows I9»U: Ftendcrleith 1988). Rdig and 
Fakes (] 982) have implicaled Clmfridium difficile and 
('l&.ttridium perfrinxfTL’i iG?xins in lincomycin toxicity 
in rabbits. Lineomycin-indluced enlcrocolitis has been 
rtparted lor rabbits (WLaiers and Mason IW4; Thilstcd 
et al. 1981), horses (Raisbeck ft al. 1981; Plcndcrfeuth 
1988), sheep (Bulgin 19845), and large ruminants1 Plcn- 
dertedlh 1988). Uncomydn has been reported Id pru- 
dllK ketosis in dairy cows (Rice and Me Murray 1984). 


Clinic AC. Uffir Linemnycin is used io treat gran-pos- 
itive aerobic and anaerobic infections- in patients for 
ci'unv of the same: indications for which rntt would use 
cryLhromycin or other macreilide. In dogs and cats, lin- 
comydn has been used to treal penicillin-resistant or 

au&pwted penicillin--resistant strain^ of Staphylococcus 
spp. and SmtuococtHS spp. bacteria found in bom-, the 


upper respiratory unci, and the skin. The u\e for skin 
in led ions has been particularly popular iNnb and 
Boothe 1999k Ltoses in dogs and cats generally arc 22 
mg/kg every 12 hours orally, The use of Imcomydn to 
treat bacterial infectious in 4op, and €m ha£ been 
largely replaced by dimlamycin therapy. 

Lincomycin Iuls been utilized to treat bacteria! 
arthritis in swine caused by Stop! rs'Ioeacc uj spp., Ssrt>p- 
i&C&CCm spp.. Eiysipfftathrii spp.. and Mycoplasma 
spp, and pneumonia caused by Mycoplasma spp. Doses 
in pigs arc I ] mg/kg every 24 hours IM. It has. also 
been used as a feed additive i Rainier m al. 1980), 


drinking-water xupplcmenl (Hamdy I978)„ and par 
enteral product (Hamdy and Kral/er 1981) to control or 
treat swine dysentery. 

In broiler chickens, lincomycin has been used as a 
feed additive EO ineiette the rale of weight gam and 
improve Iced efficiency, an addition to Healing necrotic 

enlerilis in this species. The addition of 2 fftoa of lin- 
comycin to die feed of broilers resulted in a significiint 
decrease in ihc incidence of HCfOlic enlerilis (Maxey 
and Page I977) r Lincomycin lias also been used wilh 
success in psinacines (Mandul I977) P Lincomycin use 
in the eyes of rabbils has also been reported fKleinbcrg 
et al. I979>. Topical cdroekl administration of 1% lin- 
comyein in water to rabbin-, showed local therapeutic 
levels could be maintained from 30-45 minutes to 2 


hours poshtose in the eorotra. aqueous humor, and ins- 
cdiary NhJv and that dee p i the I i a 3 i /. :l1 i o n of Ihc corneal 
epithelium served Co enhance the ocul ar topical absorp- 

lion of Ihis mibtosic. 


Sheep,, goate, and calves have been treated with par¬ 
enteral lincomycin-speccinrnnyci n amUbknic combina- 
Iichis lor gjnm-pnsitive and respiratonp 

Iracl infections. J"he I i ncomycin-spCLti nomyci n combi¬ 
nation 150 mg lincomycin with 10D my speelinomydini 
FXIflco-Speeiinf! 1 1 per ml ) ul a dose of I mL/10 kg 
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body weight IM has been used 14? Iren! (boi nHl in sheep 
caused by Avlfinblff ludonu with hetter success than 
systemic penicillin-streptomycin therapy -1 Venning el 

al. 1490). 

RKUULA'J'OKY CONSEfiRAnONS. When added tu feed 
for poultry and pigs, the slaughter withdrawal time 

ttLifcgtfsi fin h fell 0 Ilp h d^y^. ckpcibjing like pKJMflltaa 

and dost- Consult the package insert few specific rec¬ 
ommendation-.. When injected in pigs, the withdrawal 
time for daughter Ji 2 days. 

Clindamycin 

Sol: not an d Chhmisthv, Cl i ndamycin chcinkaMj 1 is 
7-chlLW4iliru r -LHn^ > eiit, a dsindve of linmnycin and an 

aniihiotie produced by Stoptocomu Umtitncnsis var. 
litictdttfttxis. The replacement of the hydroxyl group aL 
the C7 position of Che hnecrniycLn molecule by u chlo¬ 
ride results in a mure active unLibailcrial effect when 
CVfll|HrHl n? liKoorydD. The chviiLicul ftnictVfC nf 

clindamycin i* shown in Fig. 44.fi. U is a weak hast 

with a PK. ■'! 7 /p. Both clindamycin hydrochloride 

(HC1) and clindamycin palmiiatc arc for twal adminis¬ 
tration. Clindamycin HCS is directly active when 
administered, whereas Lbe ikdmilate Boon niurf be COO- 
verted lo clindamycin in ihe kjtulIJ inlesline. Clin¬ 
damycin palmitaLe is ddr palatable than clindamycin 
HCI. CUodtmydn phosphate is the fMKOtent form of 

clindamycin and musl undergo hydrolysis- in the 
plasma for ii to hcccwne active. 

Mr.rnANi.s-M op Action. Clindamycin exert*, m 

untibnuic activity by inhibiting pruiefeii ryndwiftrtihe 

SCXS ribonnul Rubunil <Hedsin>in I^JUi in a manner 

identical to ihat described for lincuinyeiih. Pliismid- 
mediated resistance lo clindamycin has, been reputted 
in Barttmides frngitk T fully eL aL 1 979) and eross- 
resisianue to llumyctl eafl occur C Harare and Lincoln 
1989), 

Sphctrum dp ACTIVITY- daututyrid is distin¬ 
guished from Ihc macrolidc antibiotics and lincomycm 
by its high Activity against anaerobic: huGleria, includ¬ 
ing gram-negative anaercfcbev such as BttCMfOtdtS spp. 


CH,CN f CM f 
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In small animals, anaerobic infections are oik of the 
major uses of clindamycin. However, one report (Jang 
eL aJ. 1997} indicated thul only 83% of Butttrtndb 
imm small animals were sensitive lu clindamycin and 
wily ftD% uf the Other than anaerobes, 

clindamycin is active again*! the HOK bacteria previ¬ 
ously listed for HUCfoUdH and lincumycin. An addi¬ 
tional ocgiuuHn for which there is activity te Tv.w- 
frttismiL The clinical use of clindamycin for treating 
toxoplasmotic in cats is controversial, 

| 

j: Pi iarmapoki nelt res 

I 

I ABSORPTION’ AND DISTRIBUTION. Clindamycin is 
better absorbed from the Cil trad in human* and 
animals than llncomycln, yielding higher scrum 
concentrations, and is more active Ihan lincomycin due 
to the chlorine substitution I. Nichols and Keys 1984). 

Brown and coworisen (Bnvnet ul. 1989; Brawn el al. 
1990) have described the phinnanldHticfl of oral 

clindamycin HO dispositton in the cat. Groups of cats 
I were given oral doses of either 5S, 11 .(3, or 21.0 mpkg 
t once daily of clindamycin iAnlirobc^ with physical, 
histologic, and hematologic changes recorded during 
therapy. Mean t tfnt tt pc time wu reported to be 276. 
274, and .39,1 minutes, respectively, Tr was al» found 
that the 5.S and I L.0 my/kg oral dom maimatned a 
scrum MIC above thal necessary for most 
SfiApkvfa m ■£ m --i ■ iLi.'T ciii infec-Lions and that the I l.tl and 
22.0 mg/kg diKirs gave serum concentrations above the 
MIC for many susceptible anaerobe*. Clindamycin is 
distributed well to tissues and attains hig.lt intracellular 

concentrations us exhibited by the high \ r y The 
apparent V } life cats was l.h2, 1,76, ajbd .1.06 I jkg for 

lbe 5J, Il. and 2:2 mg/kg doses, respectively. The 
highesl nn rtrtrttM itt of clindamycin were ftsund Ln 
Lhe Jung, followed by liver, spleen. jejunum, uisd coJkHL 
Alittiiuph the GS-F had s-cry tnw but detectable levels of 
clindamycin, Lbe br^in hud higher than anticipated 
ctHKantritkdS- This was noil likely due to 
cHadatnycia’s lipophilic nuiuriv having a greater 
affinity ft«r the lipid nulrix of the hraiu duo for the 
aqueousCSF. Bwie mrraw itl^i bad apfmclaMe levels 
of clindamycin accumulation, due to sequestration uf 
clindamycin in the fat, ihe concentration of 
clindamyLin in the while blood cell precursors, or a 

comhinatii.nl of both factors. 

In the dog (Budsberg ci dl. 1992; l.avy et al. 1999), 
clindamycin phosphate was administered IV, IM. and 
SC iiL 10 and II mgA.g. The dkubllboa half-life was 
2-3,2 hours IV but longer (5-7 hrrX froin IM and SC 
injcijEiLHL. TIuj V, Vr*2i.N 0.9 1.4 \ ./kTT k h^LUYuihiJhilily 
of clindamycin in one study after EM injection wus 
17% iBudsberg et iL 3992), Nn in another study 
bioavailability was greater thu 100% fri>m an I Ml do» 
ami ow 300% fmm ihc SC dtK (Lavy cc al. 1999), h 
appears hkiat Ihe prolonged climmuLlon hull-life from 
Ihe SC administration fflip-ltop"' effect) resulted in a 
falsely high estimate of Lbe true availability fidkWUg 

IM and SC administration in the*e studies, hs one 
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treatment of these injected dogs, nesu It in^ in a 94ft 
W COW y rale m the chndamyan-trealed dugs-. Ciifr 
damycin also has been shown tu he effective for treal- 
menL of superficial pyoderma in Jogs and is ij common 
choke iPi an dtenutive in [J-lactarn utModcs t Harvey 
m ai 199); Noli mnd BooAe I9W). In dogs, dobing 1l 
ing/kj EV every 1 2 hours- should he sufficient. few Ireat- 
i mg niLKil Staptrytacocms spp, infections, and increas¬ 
ing the frequency of dosing to every ft or W hours should 
inn reuse serum conccnLratiun* sufficiently Lo combat 
most susceptible pathogenic anaerobes. 


MISCELLANEOUS ANTIBIOTICS 


bacitracin. Bacitracin is a complex labile polypeptide 
consisting of 5—10 separate ftefflifll cunspuarenLs first 
liolflltod ftwn a Bttofflvj wound 

in 1943 iTt^f 19*4). Brnttcin A (C^H IH N l p ] ^)» 

the major component of this mixture and accounts for 
mnsi of the onLibiotic activities. Bacitracin inhibits pep- 
tiduglvcan synthesis in bacteria by nonspecifically 
blocking phosphory lose reactions, wine of which 
occur during eel] wall synthesis tljoncmi and Purenti 

1982 ) Dewtoptneat of redtfanc* to bKfcndo li im. 

Bacitracin is effective against grafti-positivc Orgiltl- 

imiis wlbcn iulmirtislen-'cL Uipie-u-lly or parfrilUrrilly- li; k:■ 

ilracin is not absorbed from the Gl tract when given 
orally. Systemic administration has resulted in a high 
incidence of nephrotoxicity falbuminuria, cy I indruria. 
u o te flia), in iddibM to pain, induration. ud 
pete chiae at the site of injection., In contrast, bacitracin 

is rmiiirriluEinji and nirely IndUCtt allergic RKtknt 

when used topic-oily. Bacitracin tbacitracin, bacitracin 
mcthylcnedisulicylaEL". bacitracin manganese, zinc biic- 
itracinj hits been used os n (tod additive to ptUHC 
growth in many species of Minnie hut its boa cm- 
ohm use today to in topical applications to lreal sus¬ 
ceptible skin, w T ami eye infections. Bacitracin 
inhibits many organisms, found on skin, such as 
hemolytic and nonhemolytic SirrpitmhTus spp,, coag- 

iiW poddve Staphylococcus spp., and Mime Clostrid¬ 
ium spp. P and it is often combined with other antibiotic* 
that have a gram-negative spectrum of activity 
(polymyxin B. neomycin.!. Zinc bacitracin adminis¬ 
tered topically may iocnw the activity of tntittlOD 
due to sine's iuarin^ent properties, which decrease 
Inflammation (Harvey 1545 ), 


NimihkiKUL Novobiodl is a dibasic add (pK. = 4/3 
and 9.1) derived Inmi COUUtrkl and to ftillM clini* 
caLly as a mono- (M vT) or dibasic (Cl**) nil form. 
NOToWocia possesses activity against both gjam-posi- 
tjvv gr;un-negsiiive baeicria bul is more efticociou-s 
against the gram positives, in particular.SVo/^vjffHre'rctfj 
aufnts. Other susceptible organisms include AMw/id 
spp. g W mw i q pAr/iu s-pp Brurrll-a spp-. and- some 
trains of #■»tew xpp. li may he used us an alternative 
to penicillins in cases involving pemcillin-svsistinit 
Staphylococcus %pp 8 although other penicillin s-ubsti- 


1 


1 

i 


lutes (cephalosporins, maernhdes, clindamycin) are 
belter clinical choices. 

Novobiocin has. several umc elfccLs on bacLena, hut 
its exact mechanism and site of action arc unknown. 

NowUodo has been shown to cause nonspecific inhi¬ 
bition of eel! wall eyntinu by inhibiting formation «f 
alternating. iV-acdylmuramic acid pentapeptidc and N- 
aoclj-lglucosammc residues: if also inhibits Lcichumnic 
ac id in some species of bacteria. The conoenlrations 
needed to inhibiL these cell wall components lire greater 
than the minimal concentration needed to inhibit 
growth* suggesting Lhese effects on bacteria an? sec¬ 
ondary effects. DMA aod RNA lyntbok protean syn¬ 
thesis (p-gafcuetosidase), respiration, and ok i dative 
phosphorylation air also inhibited tn some specie* of 
bacLena and in ruL liver homogenales (Mcuns and Rus¬ 
sell 1971). wiLls mu seemingly Ix'iaig llu ftfJoucy 

anCibitHic etTecC. Nwobkttiil is also IfiOOWfl to induce 
an intraecllulor magnesium dvfiCHtKy B but ihere is no 
direci convincing, evidence iIlde this is the mechanism 
responsible for novobiocin's luiLLmicrobLal acLivily, 
Novobiocin i* initially highly effective against 
SmphytxocCiiS spp. InfcctkrfU, but resistance to Lhis 
antibiotic deve lops quickly iMorris and Russell 1971* 
Harwy .SyULTg.iM~i 1 Incurs wlwife nnvohincin is 

combined with tetracycline Novobiocin has been 

eombinijd wiih MracydUna in a ^omhi^rciat pwpirfa- 
tinn I'DeLla-Albaplce, UpjLihrri to brnaden the spec¬ 
trum ol'acLivity and to decrease the resistance to novo¬ 
biocin., Novobiocin and IctncycliK have been 
reported in be efficaeiow in cases nf cuuue upper res¬ 
piratory diseases -such as " kennel cough" and tmtsiLLi- 

tis (Muey 1980). Toxic side effects in- unimib and 

humuns gncii aowModa system icatly Ikltn been 

neponed and Include sliin rashes, kucopctba, pyjfccy- 

topeuia. anemia, agranulocytosis, Lhromhx’ytopeilia. 
MBM, vonitug, and diarrhea.. Few side effects have 
been reponed fnr this anti him ie used in its topical 
form in domestic animals. 

Thh^oeptoin, TUntrepimi h a polypept nk aniJhiof ic 

prodtwed by StFtptonycct (Utwu.s and has a predomi¬ 
nately gram-positive spectrum, although some gram- 
ncgaLivG orgonisnis arc also affected TUmtrepkn is 
ntH ahstirbed from lift Gl trad and is Utd primarily fur 
topical L>cal therapy, usually combined with other 
antthiotics and/or glucLKortieosteroid* for dermoJo- 

higic therapy (Hkiber 1982). 

Rifampin. Rifampin is a complex macmcyclic high- 
molcjcular-weight senniisynlhetic anfeibiotic derived 
from rifamycin B. produced by NocanHa medittma. 
Rifumycin B is chemically modified to produce 
rifampin (US and Canadian nameL also known as 
rifjimpicm in Eur«ip<;. The chemical ^tnKtun off 
rifampin m shown in Fig. 44.7. Rifampin has a high 
activity against gram-pch-itive bacteria [Staphytooerccia 
spp»|i 8 Mpcobacttriwm spp (1| Hatmapftthu spp-, AUuf 
nuj sfip.. and ChSiuriwim spp., and some limited -activity 
against Lhe gram-negative bnuena. 
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to vcterinuriuns include SlaphwtxvC&ti dNiw and 

Stophylowru* tpidtrmkUj (iKluJinf medilcillin- 

iwtfiill pETSjrw), SHvptCKWCHl spp., fthodocomis 
i'qML Gwj mAh pftudotvbtuc&kmf, and most 

strains of Rurse-mides spp., Clmiridhim spp. t Mefoxeria 
spp., arid UMrta spp. Organisms known to be resistant 
ic? rifampin are Plvudbrnonaf amiginnm, & coil 
Knwnthai'ifr spp., Klebsiella pneumoniae, Pwtrus 
spp., and SiihHimriitt spp. Wilson ct al. (IMS) obtained 
sample* from dinkaJly ill hemes and tested the Iso¬ 
lated bacteria for suscepLibi.li.ty Lu rifojirpin. It was 
found that all strains af coagTilavc-posilive Suqrhyfa- 

CcVcN.V vpp. L StreptiK -r^Vtf.T z/WjHtiemicux, StrrpIiHiH - 

rr/wJ, Slrvpfdcocmtf 

rt/jir, and Gn>*K4wfrrfJ0ti pmdcKidbnridDm were 
highly susceptible Co rifampin at MICs of 1125 
Gram-negative organisms isolated in that study were 
Ai timtimnllux ini Acthtoboc Nlu s t j flift and fifjrtJr- 

ft/la Anmdbtapffcfli and MIC values raged from 

ip >li (jig/mL Other isolates, such as. 

PHudnwiw arnfifnpuu, fiifcmhnrfW' eloonkr. Xlfefr- 
drlb pfiwMUK ftpAnu spp., and SufauuQii vpp... 
were liwimJ to be re®isLant. having MICs greater than 
4 llg/mL. 

Ril'ampm is used to treat equine dinwe i of a pjam- 
prthiiive bacterial origin (c.g., fthodoeveemeqn Sirep- 
tococctu ecfiti i. However. resistance lo rifampin is 
quickly acquired when udminiMered dm to combat 
these infections. Resistance is readily accomplished by 
a single mutation of the liulno add wsquence of ihe fi 
subunit of tfe ONAi-dcpflHlnt RNA polymerase , 
enzyme Mutations result in rifampin having less ufTm- j 
icy for Ihe RNA polymerize cn7yme. Higher concen¬ 
trations of rifampin are necessary Co OWUIK Ibis ■ 
resistance in vitro. Resistance can be minimized if 
tuber antibiotic-, are used concurred I y with rlfifeivrpdn 
that will kill the mutant strains of bacteria produced in 
mpOHe lu rifampin. Antibiotics that cun he so used 
are erythromycin, most of tlhe |i-larLam unEibiolics. 
vancomycin, and genLamiem. depending on the bacter¬ 
ial Mnlsicivity to these drugs, {Frank I WUy 

Synergism may occur feiween amphotericin B and 
rifampin against some fungi, particularly iuaJur- 
ffliriicvv tfirWltjlv, Histopbumta oapSMtowm, several 
species of Aspergilla, ud Ahutomwa dermtitidii 
(Medofl' MHUJl Increased permeability of rifampin 
across liter fungal tell wall (and hcncc increased inhibi¬ 
tion of RNA polymerases) due io amphotericin 
B-imluetd cell wall damage is probubly ihe mecha¬ 
nism re*pniwibfcc for Lhis synergism. 

Ribupii i® a potent ind-wrer of tef»(k microsomal 
enzyme* and isil» teruUtgcnic in laboratory animal*. 
*o sts use in pregnant animals should he restricted.. 
Rifampin has aln feen reported to tutu ihe urine red. 
Dogs given ihe human dnse of I <3 mg/kg orally devel¬ 
oped increases in hepatic en^M activity, some of 
which eventually progressed lo clinical OHS uf fe(*m- 
tjs. Hepatitis is ihe m<*sL common reusEit lodiKOftblM i 
rifampin LreuLmenL in dogl. However Lowering the Local 
daily dw of rifampin will decrease the chances of 


Inducing IokIpC side effects, especially in dugs. 
Although rare, rifampin con induce thrombocytopenia, 
hemolytic anemia, anorexia. voiniLing. and diarTfea. 
Preexisting renal disease dues not normally require a 
dose nH.nJiriciiEii.il of rifampin. 


NIIntanuL NlnofUniu compriK tcvcnl fymhetie 
compounds, derived bum 5-mtrofuru and [kvssoss 

UUilhCtoUul ICllviffy, (he 5 a ililriHgTLHip feingiequircncl 
fur rhis activity. Over WlO nitrofurans have been syn¬ 
thesized to date, wilh only a handful being useful in 
aninuil efenuotherapy. Nilrolurans and furazolidone are 
banned from use in food-producing animals. 

NilnHurojis as a group Ut bacterRtttHlc and func ¬ 
tion hy bh^cMpg onjitativv ckveurbusy biion of pyruvate 

to acetyl cocozyme A, depriving s^isccptihle organisms 
of vital eaar g y productin parhway*. TT*eij spectrum of 

actlviLy encompasses gram-positive und gram-negative 
bacteria und some ppptmaqam f but they are mosl effec¬ 
tive iigmnsi ihe grtOHKgilhe bactoriii NkroAmm can 

be udmittiMcivd orally or ELipically. Oral absorption is 
enhanced when adniini.\lereql with feed; il is widely 
distributed throughout the hotly hut in km conLentra- 
lions. ApprojtimaLcly 50% of the total doe of nitrofu- 
rans as excreted in the active form. AcidiOfittiOD of the 
urtflft promotes lubulur rabwipiionw which iho 
decrea^eK the iwcnilfl uri-tie cuneeiitridtiL'Mi ihe drug. 
An aeid environmem is required for the nitruluran^ Lo 
diffuse across the cell membranes. Nitrofurantoin has a 
ho:>ad gram-positive and gram-negative sped rum and 
also high coneentratusTis in the uritle. making it tKfuJ 
ui a urinary udttptk in small iUiimaK. Nicrofuran use 
hnlay It ife'iainly in lopkal preparations for ilhe eye. car. 
DUDCOUf membranes,, and skin; it finds limiLcd use in 
treating bacterial Cjl tract and urinary tract disorders. 
(Ali Rind and Anmson ] c mi 

Ihe major disodvaniage of nUnAiram to (real sy§- 

temic anfectuns is that the L-unceniralions needed to 


reach (he Mir also induce systemic toxicity. There are 
many reports in the veterinary literature on iIh" IOXici« 
ties induced when the nitrofumtvs are used sysscmically 
(All 19B3). The toftkatogy of furazolidone (jV-5-nitio- 
2- fnrfvylidtaBW amino-2-oxa/olidinone) has been 
investigated extensively in liborMDry, food> and COfUr 
panion animals us well as in humans and has heen 
reviewed by Ali (1989). The effects of feeding fura¬ 
zolidone to poultry have been reported JAIL 1984. 
Mustafa CE ah 1975: C^rneeki cl al. 1974a: lank us et 
*J. 1972; C7jamceki ci al. 1474b), 

Furazolidone Iuls al-4.i feen dounttrikd to be car¬ 
cinogenic when used at a 0,15% w/w concentration in 
feed for I year, inducing tvuimntary tumors m a dose- 
related manner. Mice fed a O.W"f w/w conccnLratci.Hi in 
feed for life devehiped bTim'hial adizOLfareinomus in 
berth sexes (All I983J*. DNA is ihe principal target of 
fu.ra/^lidLHiw in ^ime ccLk in vivo, causing CttU and 
muiations in DNA and bunding to DNA, hence bilk¬ 
ing the replication and iraiiscripli4in processes. Muta¬ 
genesis by niLrofurans in general also dCCtn and has 
been extensively reviewed by McCtlla (1983), who 
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the bacterium* rapid death. Over MO n-aJkyl vun- 
tMimyciiw hm been synthnod hy reductive alkyla¬ 
tion of vancomycin. wiLh wune form being 5 times 
more active than vancomycin Lind with KHK having 

lunger fiUutioo tudf^Uves (Nagurajun et ;il 1989). 
Advdisa Effects. TIk most common adverse effect 

is kidney injury, Eariy fornUtioM id" vancomycin 
wen associated with u high incidence rtf adverse 
effects. Mod of these: effects u-erc associated with rapid 
IV administration. which induced flushing of ihe riba, 
pruritus, (uehyeanfUi, and cither signs attributed bn hixta- 
Tnine release, Nephrotic iuiiy and oMOUCfty al» were 
TurHirtcd ■ Newer fnmuulatinnx are safer, but histamine 
release still is pooikk from IV artmlnhtattaL Tbxidiy 
studies on vancomycin htive been j.wf«nmed in many 
specks of kbontory animate iWold and Tumipseed 
]98l). The I fnr the canine was 292 mp/kp, Nil 
death did not occur untit several days after dosing. Dugs 
ihal died typically Jiad blood urea nitrogen < BUN ► wd- 
uft between 250 and: M H & mg/dl-, death presumably 
being due m ute nephrotoxic renal failure. 

Cunjcaj. Use and admin isTkATioN Guidelines. 

CUnkflJ uw nt vuconyiciD hiL> been limited in vcieri- 
nary medicine and most of our clinical recommenda¬ 
tions for use are derived from pharmacokinetic studies 
performed in dugs and recommendations of effective 
blLKfcd KAcnttatiflu for popple. Vaoccrmycin must he 
ailminislered via TV infusion, although in rare instanc 
irttraperitimea] iuiminiit ration has been used, 
conyrin 3S poorly absorbed orally and this route is w.it 
used except to treat intestinal infections. lM adminis¬ 
tration iv pmiuful *md kritating. 

Hjq dot? rhe half-life is somewhat shorter and the V, 
smaller ihan in humans J/jghkil and Brown lyHBk In 
order Co keep the plufltt cuiHenlralion within a sug¬ 
gested window ol 10-30 pg/mL the du^t rate of L5 
mg/lsg qhh IV is recommended. (This dose actually 
priKluees peaks and troughs oi approximately 44J and 5 
|ig/mL. respectively, Nn if 3s the nmst convenient dw 

that can be used became of the short half-life in dogsJ 
This dofrC should he infused slowly over 30-60 min- 
uies, or a rate of approximately 10 mg/min. The total 
dO0 to he administered can he diluted in 0.941 suMjk 
or 5ft dextrose solution. but noL iilkalm idling aotwkmt. 
Vancomycin is available In vials of 500 mg to5 g (Van- 
cuciin. other brands. and generic |l. [f vanco^ein is 
uvfd to treat alswocod infection*, it is strongly rec¬ 
ommended to c wd mii iBteff an fenlDD||ycwde (e-f- P 
amikacitl of gentamicin j because when used alone. 
vancumycLn is not bactericidal. 

II 1 vancomycin is adririoifikreri acoadng (q the rac- 

OfflneiM dosing rate*. adverse reactions described i 
earlier ure rare. A slow infusion is recommended hi 


miriimi/e histamine relent. To avoid other tux pc reuc- 
tijOU, dose rou'ommendations are designed Lu avoid 
high plasma CHKHtndnHr In people, therapeutic drug 
mnniioring is often performed Eo ensure thal peuk onn- 
cenlrutions arc below 5ti ftg/mL and the trough cou- 


centr-alicnis me above 5 jlgVmL. If animals have renal 
disease or unique physiologic changes fo.g. B pregnant 
or a Konartl annul), drug disposition may change. 

and j k yk and itLJiigh plasma cunccntritiocil should he 
monitored to adjud the dose uppropriaieky. 

Ri r.t: I.ATORT Cf)NSII>l-:RATI()N5L lu Aupuvl 20, W F 
the IJSFDA prohibited the exlralabel use of gly- 
copepudes in fiKkJ-producing animals^ for fear of 
glyeopepttde-rcsLslant bar Lena being transmitted lc» 
humans from treated ffdiull. (Bates Ct dl. 1994). 

Feeding glycopepLtdes- lev animali is ni n legal m the 
United States. 

Mctfecauiilikb Mklbenimiiw fheunelhyfeneMn- 

mine l is a urinary iintisepLic mist commonly used to 
treat urinary tract in lections in small animals. It may be 
used in conjunction with an antibiotic Of OCCUlnully 
by fcsdf in stne C4BC4 of btctnial uriury bract iafec- 

Lions chat have bsenme refndory m cmvemimkl 
antihimic Ihcruptes. Methenaminc is actlvaled by u 
hydrolysis reaction to Ibrm formaldehyde and ammo¬ 
nia in acidic urine. Ii has hecn proven to be effective 
against a wide variety ol* gram-positive and gram-neg- 
utivc organism* but will non affect die growth ofGtt- 
dUta albicans. It can be either bactefiostatk ot hacieri- 

cidul (kpetidi-ng lku iliv pH uf die urine (Huber 19412, 
Harvey 1985), 

MethenamLne is quickly ubM.irbed when given tindly, 
is excreted via che urine, iind i.s associated with a hiw 
vyriemic toxicity. For this drug to be efficacious., she 
urine musL be 4it ;lu aeidie pH in Oftkc to liberate free 
fbmuldeMtp Xfftiwinainiine Ls often found combaml 
wiLh mundelulL" tmandelic jcidl, which a-ssisLs m low¬ 
ering the urine pH and also flWU MOK Independent 
weak untibaelerbal activity, Cotminent use of other urt- 
mry acidjfkn, *ueh H ascorbic nckL, urgimnc HCl. 
methionine, L'runbcrry juice ihippurak'L atld aiwno- 

nium chloride, will enhance the antibacterial action of 

melliciNiiniifrv- Meihenumine is mursL effective when the 
urine pH is 6 or below. SnUbnamides should nuc be 
administered wiLh methenamme dw in the formation 
of i nsolu hk fonrui^lehyde-sul fmiLiniide prcc ipitates. 

Sim methcnamiiK is lu^dy eliminated via. the kid¬ 
ney. its use should !h 8 restricted Ltf ehrscly monimred in 
OHS of renal insufficiency {Huber E9&2; Elars^y 
1985). Melbenumine is less effective for mealing infec- 
tions caused hy Urea-splining OlgUlfBlIH which 

iDecease the urine pH (u.g., Piomu mirabills)r 
Mcthcnamim! m^mtk'kice has been used nperinm- 
tally in the trc&menc of hum wound* in ruts. I'opicul 
dwtof uml 10ft were highly efficacious iigniiisi 
expenmentully indiwed h.im.s infected wilh a virulent 
Strain Of /'.vjTfl/rjrJiurlcn spp. (Tuvlor el ilf 197(1). 

Polyrajxinns. I^ulynyiins ure a group of N- 

nwnoamylalHl dccapeptidcs discovered m 1947 und 

are produced hy Barfffw potymyxa. They contain 1 
amino acids in a cyclic configur-iUiuri and have 41 molec¬ 
ular weight of approximately 1000. Several polyniyx- 
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FLUOROQUINOLONE ANTIMICROBIAL DRUGS 


MARK G. PAPICH AND JIM t RIVIERE 
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Oieraikal Features 

Si r Eict u me - A c iii vity Retail mkhijK 

\ U'iu'tLIlINMIh uf Act km 

Activity 

.SusCcptibilits Testing 
Rdblann 

Clinkal Rf^istane* PrtpMems 

Hymaiiiii Heatfili UpsPvs 

PM miiLt'o Ikioe Iks 

Oral Ah^rplLnii 

list ram uvular and Subr Ntum-mis lEnjeclklP 
Metabolism 
Eutvtkm 
PfuI^lh Rinding 
Tissue Ptoritwittan 
Ph uranic od y na inks 
Flexible IW Kuiecs 
Cllnkil Ok 
PN>ps mid Cate 
Small Mammals 
Reptile* 

Birds 

Fish 


Large Anjfflitfe 

Adminislntkifi to Nursing. Pregnant* m Young 
AnJmtls 


Nursing, Animals 
Pregnant Animals 
Vttunn Animals 


EMMt 

ProUm in Young Animals 

Effects of l>iher Distasis m 1 t uu-dilinns 


Druu Inicracliviiss 
I'^rmultiLi' ms Avuditobte 


I1h i ij-Hif flf die fluorixfusnolone antibacterial agents- in 
veterinary medicine has increased treiDemfoudy in thr 

last JO years. The flunft>quiiiL>]LViHrs are syldh^lk: anti¬ 
bacterial agents intrcxluced in veterinary' medicine first 
UH enrofloxaein. iii nee then, there him been a great deal 
of n^arih on thiv class of drugs to better unckTstaiid 
their mechanism of tetkn, antttnicu.ibt;il specinnn. 
pharmacokinetics in a wide variety of animal species, 
and clinical use (Brown IWfik Sn addition, pharma¬ 
ceutical companies have developed new compounds to 


imue Lhe number of due drugs available to veteri¬ 
narians. The advaui^yK of the RimutpunolooH are 

j! that they are rapidly haclericidal against u wide variety 

1 -nf clinically important bacterial organisms, are pmetu, 
:ltc wcll-roieraccd by animals. and have been udmirus- 
lered via a variery of route fondly via tablets and 
drinking water, HlHltaiKOluJy, inuunHi-scularly), 
RuomfiinoIoACf approved for tttt in veterinary 
medicine for small animals include enrolloxikcin. 
dlfkuuciiv ofbtfloudit und nuboflaueid, Dunu- 
tlcixacin, Lmmflox ocin, and sitfanoxucin are approved 
for livestock or poultry, F]tioir*|uiiidones that are 
labeled for humans and are of potential utamt for vet¬ 
erinary medicine include ciprofloxacin. enoxajcin. 
hmefloucil, ;md ofloxacin. !Tie newest generation of 
fllwncpiBOlilBB with increased activity against gram¬ 
pus iLive cocci and ukudUc bacteria includes- 
gnepuEloxacin. trovafloxaciu. Icvofloxaein, imui- 
flusocin. gutiJIoxacin. and prenotloxacin. Grepa- 
(budo and ttDVlfloudd already have been discern- 
tinned because i>f uixici liw 

CHEMICAL FEATURES. The currency available 
f]ucto<|uiDokMtH haw the same quLnuJone structure 
(Fig. 45,1); various chemical substitutions and side 
proups KtwBi for the different pfaytkaJ daifecbutin 
of each drug . These diffmom may account for wia- 

tions in lipophilieily, volume of dismhutiiwi -i [Vdh oral 
absorption, and el i mi nation rate, but they do not change 
Usl- nihiibuj^iuriid sped rum appreciably. For example, 
cnrofloxacin has one fluorine substitution,, difloxaeiit 
has two fluorine substitutions, and iwfrifli>x*iein ha« u 
three-flue wine substitution. but the presence of mewe 
than one lluorine does not increase anti bacteria] effect) 
CAsuquo and Fiddodc 1993), When lipid volubility is 
expressed as lhe octuyl;wat)er partUu CttfflcKik 
enrolloxacln and dtiloxacin have high Lipophilic ity. 
CiprtrflaudA has a partition coefficient thal is approx¬ 
imately 100-fold Iw chan that of euoflouciii; the «sr- 
respoiiding panitinn cocffioab of orittfloucta and 
marbotloxacin are hlighily higher than Lhai of 
cipm-fkixadn iAsuquo and Fiddock IWJ; Takics- 
Norik et ak J992k <S4.ime of these odanyhwaler pum- 

tion coefnctooti me determined in ihe bboMory of 

one qf the authors and ore unpublished, i 

No studies are available Lo show Lhat these chemical 
differences umintg the drugs cm account for difler- 
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FIG. 45 1—Si rue lure uf (lunn]quiiiLikm:. FualurLh Iffttwy 
for anEitKiclurial acLivilY arc IlLMsri™ al piwLhnn h, kuEmii." ;iE 
poatini 4, and carbonyl al pualH 3- Addition of cyck>* 
pnpyL ettajfl. or fluomphen^l al poudcn I and of pipHiuuK 
al prHslion 7 i lKlKi lh^ kp^'iium -isf iintitiiiL'iL'niil activity. 


cikh Id clinical KspMH However* the differences 

may account few some variadon in afaaotjrtioo and dis¬ 
tribution. Fdr example. ciprofloxacin oral abM^rption is 

approximately OU-tulf that Of onfloucifl in tfogs. 

The Itau lipid-soluble f1wr?(||jllQl4ltt$ Cffiaf- 
hofloxacin., orbitloxaein) have a lower Vd than ihc ones 
with higher lipid solubility tenrolloxucin. difloxacm) 
(Table 45.1), One apkulkid for ihis observation is 
lhal the mure lipid-soluble drugs luvt higher intracel¬ 
lular conctotntlod^ hut kigbef tkssite binding al^i 
could cxpLuin the differences in Vd. 

Quinoloncs arc amphoteric molecules lhal can he 
pr-uccmuled ul the carbonyl and the tertiary amine por¬ 
tion of iIk fiubcule. The pK j varies among the drugs 
slightly, hut generally the pK for ilu. 1 carboxyl group is 
606.5 (5.5-6-3 in sock references? and the pK s for 
the nitrogen of the piperazine group is 7.5-8 (NMdo 
and Thanassi 1993) (as high as 7.fr-9 3 in muk refer 
enceMi For tnrq common drugs, erirnffoxaein and 
ciprofloxacin. Lhe pK 4 for the carboxyl group is 6.Q and 
f> 1, respectively. and S.S and 7.8 for the amine, respec¬ 
tively- The isuc-lceLric point is* midway between the pK^ 
tor each ionizable group. Therefore* at phyuologiE pH 

OuofocjuiikolonK exist as rAittefioos, in whkh both of 

the respective anionic and cationic groups are charged. 
Jl is at the isoelectric point that fluoroquinoLoncs arc 
the most lipophilic (TakicvNuvak et al. 1992). 

Structure-Activity KelatUiiKhlpA. Fig. 45J shows 
Ehe basic quimtou ainietuie. The carimyl grinip at 
pufthn 3 and the ketone al poskkn 4 are necessary for 
the antfeKterial activity. The fluorine al position 6 dif¬ 
ferentiates the quinnlones from ihe fluoroquinolones 
amJ accounts fur the improved gram-negative ojmJ 
gram-positive activity over lhe nonnun-rinated 
quknlHKSi increased potency. and increased entry into 
hflei-crin. Ar position L addition of a cyclopropyl (as for 
AUOlkunn and ciprofloxacin in Fig. 45.2?. on ethyl, 
cw u fluonpheayl Improve ihe spectrum of activity 

against gram-positive and gram«*negstiv^ bacteria. 
Addition Of a piperazine at position 7, as demonstrated 


for ciprofloxacin and euofldxuid (Fig. 412), 
improves the spectrum of activity m include 

pscudomonads, among other gram-negative bacteria. 
The change to a carbon from a nilrogcn at pontion K 

dtoentsed xlvuw of tike adverse central oatyoiu system 

effects and increased activity againsi lUqihylQCQCCi. 


MECHANISM OF ACTION. <Juinu-lunn.^ are bacte¬ 
ricidal by inbibiting bacterial DNA replication and 
transcription. Two-stranded DNA to tightly coiled in 
the cell and must be separated fur tnuucrlptiu and 

[mtitiatuni, Tu facilitate coiling, winding, and unwind¬ 
ing. lllc enzyme DNA gyrase allows the strands lo be 
cut and reoofllHCted. This allows coiling because nega¬ 
tive supcreoiU can be mmsduced. DNA gyrase, a topob 
somrerase. consists of A and £3 subunits. The mosL com¬ 
mon target site for qu intitules is Lhe A subunit of DNA 
gyrase coded by the gene gyrA. Mammals are resislanl 
tu* the killing effects of quinotooe antimicrohuls 

I.ii.To poi so me rase II in mammalian cells is new 
inhibited until Ihe drug concentration reaches 
HOD-1000 flg/mL. Bacteria arc inhibited by tinxntat- 

tioiu km than 0.1-10 pgfmL The National Committee 
for Clinical Laboratory Standards (NCCLS) breakpoint 

ibr ciprulloiaLin. lhe prutcriypkjJ fluonxjuirmlcHK, for 
suHLcptible buclena is £1.0 pg/ml.. Another target is 
the Tupoisumerase IV enzyme composed of subuniis 
patC and purfc. ITiis silt of Utkn is less important fur 
pram-negative tueieria bur is t tlfgec of fluoro¬ 
quinolones in some psobpoflitive bacteria such aa 
singtooDoci and iiiphykxwd (Petmo et at 
The aclkm ol'quanoiones nn DNA gyrase and Topoiso- 
fiiefiise IV has been revkwed in fiuauiw detail by 
Drlica and Zhao (1997). 


A(]T1 VIT V.. Fhu waqu iih ill met in gt:rier4i I exMbtl gcwul 
aeliv ily a^L&LnKt most gram-negative baereria, especially 
those of the EntcmbQcteriac£a£. RqHWffltmhT jnini- 

mum inMMovy cflwentntKn (MICi values are ihown 

in Table 45.2. EjiphtrichiG coti, Ktet&icfki spp-. Prowa 
spp,, lubinmflbi s-pp.. and Ehtembacler spp. arc usu¬ 
ally sus^etuiblc., PstudmtMm MMght&sa is variably 
sufMceptiblc and, when it is sneeptibk, usually Inis a 
higher MIC [turn ocher susceptible oqiniiiiM- Apim 
arrugincooL ciprofloxacin is the most active. 

Onm-positive bacteria are variably susceptible. 
Sfaphylti iyjit‘H- v twmu niui Stophylocottui inter- 
medua usually are suscepLible. However, the MIC! val¬ 
ues far staphylococci typically are higher than for 
gTam-negiitive bacteria, and staphylococcal resistance 
to fluoroquinolones has been a prublem in human 
paiients. McEhieilLin-resLsranr strains nf ^Cuphy kvixci 
(MRSAl may be resislanl to tluorLK|uinoUmes G 
The use of lhe newest general ion. of fluoro- 
quinolono has hol yet been repofie^l m tulerinory 
medicine, except in cxperimenial studies iTapuio ci al. 
IW; Warm et al. 1:997).. These drugs, such as 
grcpafloxacm, trovalloiaei n, and [weipaFli^aciru ha^C 


/ t 


righted material 


Hidden page 



Hidden page 



TABLE 45.1 —Continued 
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1bpUHXD0iK IV hus been found in st^looiuci with 
tii^h- level mutance (Fcmrro el al. IWS^ a fflUUkA in 
the outer membrane prcuem. Ompk tan lead to luck of 
ICCUSHlNtod of Ihnc dnigx m bacteria, and other mutu- 
inKis tan came drug efflux (&g H na IT, pj/V Ei 

Resistance tun occur through a mulftstep process 
(Everett d ul. IW6), A unyk mutation can inCRUK the 
MIC s-lighEly (perhaps one dilution!, and each nlw- 
queni mutation produces a pnkjpHsvdy higher Lc^e3 

matinee in a stepwise EnsfakriL For example. resistant 
drains of £. tott with MIC >H jUg/mL d nutty have at 
leusr J mutations for Hk target penes and may Abo 
show enhanced drug efflux. Unlike plasmid-mediated 
bacterial resistance, in which mkftlDce may dfetappear 
after selective ulibndc pressure is ihhvbI chromo¬ 
somal (rnuiatktftaJ) wfataw is usually maintained in 
bacteria after drug administration is discontinued. Phis 
mid-mediated ttiitUnoc has been found In K coll and 
KUbsMkt twgunisms. but the cMdkal npifimoc of 
plasmid-mediated resistance Ivis- run been ideniified 
(Martinez-Martinc/ et al. I998X ClutwhisiMiwl muta ■ 
tinns, raLher than- plasmid-mediated resistance, is over¬ 
whelmingly the mnsi important mwltanism of clinical 


C[ink'll RnibUnrf Ptobksifi. Resistance to lluoro- 

qotaoknef has become a problem in human medicine 
i hut hoc imestiptpn haw Attributed lo inenued pre¬ 
scribing of these drugs., Resistance io Qiwqubobm 
by Staphylococcus oamu, and Streptococcus 

(WPmuv has been documented (Cbm et al. l*Wh, 

Murphy ci al. IW7^ Sanders ei at„ IW5, Nau IWZl 
l^ilaeial I W5 l Pterea ct ul, 1W4; liserett i-l al. mHh 

C'ElIIil'llI njhiMaUue iiL human Ibtispilals LiOHiE'ig, stuphyhi ■ 

cocci appeared relatively quickly after introduction of 
ciprofloxacin (fhu IW2: Senders ei al. IW5; Hedin 
jmd Humhreus 19*#!), These investigators suggest that 
iwmwl uniibiotfc pKHUK owing to increased pre¬ 
scribing has selected for mutant bacttrii Resistant 

bacteria also have been identified in companion ani- 
muls. Resistance in small animals has been dneu- 


mented for & rwL P Mntfin&uir E^tfWCK$tr r Pnt- 
fW and other gram-negaLive btdoil Resistance by 
MapliyhnKCi has also been documented, with a preva¬ 
lence of QL«I (Lloyd et ak IWf. fn a study of haute- 

ria causing ehrt^nie otitif in dogt, 14‘> wf 

out dPifenrMYJM.Y from the middle ear were resistant to 

enrudlusacin (Cole d al., 1998]^ 

/ p MukwAUi organism luive been particularly inw- 
Uesame because single-step mutation* are common for 
this bacteria. and except for the fluoroquinolones. there 
are no other oral drugs with which lo Lrenl infections 
caused by f’.rrw/ronriwij organisms. Resistance is pri¬ 
marily caused hy a gyrA mutation, bus an ailditiuiiaJ 
mutation in /Ju-rf7 could oau.w a high-level resistance 
<Jul-iiJ and WrcLUnd IWhj. Strains with both mutations 
were signilicuntly more resistant than strums with one 
mutkdDl. Foclupi leunling ti? mkstant P o^mx" w*® are 

an ilidfllUtte dOHgCp I.LnAi- oral ahsorpiion, and 
extended trciitvnciit at low doses, E >a rom tlx* honzonLal 


and middle cm of dogs wirh drakdlSi^ S7 and 65^, 

respectively, of the (nudomniids cultured were rest st¬ 
int to cnTLilloxaein (Cote et ul. I998|k 

Hu ni=in Hi-all In Risks, bifediooi iseue eipertt hive 
wmed that I'requent usage of tlucsrci<|uinoh , ineH may 
le;*d to bicneued ruisluce in Animals- eWorld Health 
Organijutimn 1997). Transfer of fluonquklHltne resist¬ 
ance from animals to people has hwu sujiec^lcd lo 
occur for CmpytoboMr speon (Eadfcz el al. IW|) 
and SidmmMi typhimuriuM type DT-ftU (ThielMl el 
aL 1995; Ttneftnli et al. 199?; Griffs et al 19941 An 

increase in the ineidcuee of rc^isLunl CMtpvI&btiVttr 
ji'jmi infecting people was linked lo consumfuicKii of 
<_'iu^npv/r^ri , ef-c"«nl3minaCL"d chicken. The increased 
rfllstutt occurred primarily sifter 1995= which coin¬ 
cides with the time that fluoroquirndotves were 
approved few use in fK^ultry as an additive to drinking 
water (Smith ei al. 1999). Investigators have associated 

resistance in salmotKlIae with vetcnniiry use ol lluorii- 
qiliikilmH 1 ^ itl Bvwtodc (Piddtxk et ah 1998), Rc^KLanl 
BtraifH of Sclmotttlkt typfttttutfiwm may have octumd 
Bpoonaneouly became so™ of the ihImbih salmnnel- 
hw: hjtve come from Hums in which HuoroquinolcHR^ 
wcfe not administered to numb iGriggMi al. 1994)* 
Nevertheless, some scientists luive warned thai cLiiuin- 
ucd use of lluoroquinolones in livest^Kik i.% a public 
hcdlh nsk hecuuse it cun polcntiiilly lead to res-i.vlant 
muiatiis of %almonellac being psis^ved mi m humans 
Lhrougjh the fond chain. Because of these CDDOOnSr 

there have been Umbed appnwuls of tluortxiuinolinKs 
for food-pndutkag aokmla^ ^nd che e^triL-lubol uu of 
flinttquindkvoa ia prohibked in Andfrakniiq uni- 

mab in die United Siam. 


MlAkMACOklNt l H K. Pharmucokinctie charae- 

terkfbca such js elhniaariM half-life Vd. and oral 

^ _ Ifi 

jibMirption ( r rf py are listed in Table 45,L Mammals are 
feliitivety comMent in olmiiitkxi half-life ;oM Vd 
Repdka wiih lower renal clearance genenDy daun- 

slrate limger huEf-kwN—as Uinp as 55 uiilI Mi Iilaiis ft?r 
ciuolloKiJCLn in altigalon. and MontLur lizards, respec¬ 
tively (Pfipfcfa 1999), II hiis been demonstrated that 
tlivre are allomeLnc Tehait^uships in. pliujiciijcokiiKtic 
pafutneters mamurujls ranging in m/l- frion mice 

ho cattle fBrcgante ci al. 1999). The allometrk relation¬ 
ship was improved considerably when the pharmacuki- 
netic purameiers were corrected tor the percentage of 
protein-imbound orofloxadn in iIk* pkuma. In |uiriic- 

uliu. for cfinollo.n jcin the Vd was ihe most direclly pn.> 
portional to animal body weight, with the animals with 
largest body weight hiiving the largest Vd 
Among ihe drugs, ihcr c arc differences in ihe phar¬ 
macokinetic parameters within species (Table 45.1). 
Whetlirr or not tltcse differences LmnsJjte to clinical 
differences, however,, has not been shewn, because 
there ;tre no comparaJjve siudles. For example, ii does 
not appear LhaL differences in half-life can account for 
ditfereiiL clinical results for ^in infbctioi trcainwiu in 
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Italians one ur because fluoroquinolones arc suffi¬ 
ciently lipid soluble to erase Hhc cell membrane, nr 
there may he active mechanisms to transport these 

drugs into cells. bhioraquinotones also have a slower 
effl ux from these rails. In humans, ciprofloxacin has an 
inlrocellular hftlf-life of 6.7 hour\ in neutrophils versus 
3.7 hours in serum (Ettlkn cl at. 1986). 

The high iaiLraetIkihir distribution in leukocytes may 
account for higher drug concentrations of fUmro- 
quinoloncs in infected tissue compared In healthy tis¬ 
sue. .Leukocytes, attracted via chcmotaxis., may trans¬ 
port active drug to the sale of infection. Dogs with 
superficial Lind deep pyoderma had signi iWani ly higher 
enmfloxadn conoentraiitwis in affected skin compared 
to healthy skim from control dogs i.DeMunuclle el at. 
IWS). Skin fmm dogs w ith deep pyoderma had higher 
cnrofloxacin concentrations than skin fmm dogs with 
superficial pyoderma and there was significant cctncla- 
tion between dermal inflammation (dermal inflamma¬ 
tory cell count) and drug wnoentraliofl, 

Concentrations in urine have been several time* 
higher ihiii plasma con cent rat ions. Concentrations of 
cnrofluA&uirfe, imitrafkjXAein. and orbifloxacin in urine 


of dogs are listed by the manufacturer to be 43,40, and 
M,5 ng/niL, respectively. One exception to che high 

urine excretiLm is dlfki&aciu, of which, according to the 
manufacturer, less than 5% of the dose is cleared in the 
urine. Rutffuqumcdones are -among the few drugs that 
adequately penetrate the prostate gland in sufficient 
COflCeniriilitPftS to treat infection. Ertroflosacin concen- 


traiicwi fdetenmi ined by blcwAty) in the pnstalfc fluid 
and prostate tissue exceeded serum concentration ue all 
times administration (Dnrfman ev al, 1995). But. 
there were no difference* in 1 issue concentrations when 
infected prostate was compared to healthy tissue. Con- 
cmtrttkms of other tl noroqu,inolones in prostate tissue 
have been re purled by the manufacturers to be 136. 
5,6, and t.35 |lgfgnm for dilluxacin. marbofloxacin, 

and octiffoucin, respectively, 


PHARMACODVNAM1CS+ MIC values for bacteria 


are listed in Table 45.2. Even though there are differ¬ 
ences in potency among the currently available fluoro- 
quinoloms. a pattern is apparent: /torewrilGr, such as 
the strains found in skin wounds, are the most suscep¬ 
tible; Ihe gram-negative enteric bacilli fe.g., E. rntt and 


KfcbsisUa) also have low MIC values. The gram-posi¬ 
tive eoeL'i sul1 1 ;l.y Lhe LLMiimnti skjn pathogen Sutftftyh*- 

cacfm ittfewmedhtf have MIC values at a somewhat 


higher range, and P verugimsa* if sensitive al all, has 
MIC values that are among the highest for susceptible 
bacteria.. Although not listed in Table 45.2. strepto¬ 
cocci, eiiLeiucucci. and anaerobic bacteria typically 
have MIC viluea high enough that they are usually in 
the resistant category. 

The best pharmacokiiietic^ph;jriijaetKlyTiiiimic 
marker to predict efficacy has been debalcd for ihc flu- 
OfOquinuliim-K, Musi of ihe evidence suggests that flu- 
oroquinDlim m are bactericidal and that tltey acl in a 


conceniirilion-diapendetai manner rather than a mne- 
dependern manner. The exposure to the bactcna has 
been measured by using the maximum peak concen¬ 
tration (C ) in relation in the tecieria MIC and 

ID a M M 

expressed us the C^ iMlC ratio. Alternatively, the 
AI.IC for a 24- hour dose interval in relation to the 


MIC, expressed as ihe ALT:MIC ratio, or AU6C. has 
hecn used. A C mi :MIC ratio that is at least 8-10 
(i.c.* a peak cOHOlnllQfl that is 8—10 times the 
MIC) or a AUCiMIC ratio of 125-250 has been asso¬ 
ciated w ith the optimum amibacteri&l effect (Lode ei 
al. 1998; Hyatt et a| n 1995; Dudley 1991; Nicoliu el 
al. 1995). 

These targeted C m lMBC and AUC:MJC ratios, were 
bused on in vitro ur in vivo studies performed with 
immiLiiiisupptes.sed laboratory animals or on clinical 
studies involving people with serious illness (Torre si el 
al. 1993; Rtaser et al. 1987; .Sullivan et ul. 1993), A 
study in neutropenic mice showed that the optimum 
therapeutic effect was atliiirted w hen Ihe C i :MIC Mid 
was greater than ML but at lower drug doses when the 

C^iMIC ratio was less than 10, die AUCiMIC was 
better linked to outcome cDrusano cc al. 1993), A 
:M|C ratio of at least H-IO has been associated 
with a k »wer incidence of development of resistance 
(IJIaser et al. 1987). When lower raiios were achieved, 
the mutant strains ihav occur sponiancutisly were nut 
suppressed, and resistance ms allowed to emerge 
heeau^ these mumnr smim haw MIC values that are¬ 


al leasl 4—8 limes that of ibe parent (wild-iy-pe) strain 
(Drtisartuet al. 1993). Vctsrmary studies nlao haw sup- 
pOlted ii high C _ : M 1C uw AUC:MIC ratio to predict 
efficacy (Meinen ei if. 1995). 


Our clinical observaciorts 


m ve ten nary patients 


reveal that we often achieve a cure u»-ing MiuidanJ doses 
even though we may not achieve dwe Targeted nuiu. 
For example, i f one compares the C m3 Of AUC in Table 
45.1 to represenLalive MIC values from Table 45.2, an 
AUC:MIC ratio of 50-60 in some patients appear^ ade¬ 
quate (Ceslerd al. 1996). In one model of skiin infee- 
lion in tings, caused by Staphylococcus intemredm* 
(MIC 0.5 |lg/mL), iDfeciioiu were prevented with 
C m !MIC rack* of only 3-5.5 pg/mL of inarbullcixacLn 

immune syv 


(Gnael ce al. 1997). Perhaps acrumpetem 


lem or less serious infection accounts for Ehis, 



aucy between laboratory studies and clinical observa¬ 
tions in veterinary medicine. 


FLEXIBLE DOSE RANGELS. Despite our uncer¬ 
tainty as to the hesi pharinacLvliineiic-ptutfnniccjdy- 
namic parameter to use to predict therapeut ic efficacy, 
we usually design dusage regimens to attain a targeted 

so thal we d«rea» che cl i a rice of resistant 
mutants arising from an infection. Calculated doses 
listed in Tables 45.1 and 45,4 are based on attaining a 
C mi :MJC ratio of al IcM B-|0. The basis fur ihe flexi¬ 
ble doses listed in Table 453 is the wide MlC range 
among su&eeptLble bacteria, from m It"* as 0.03 
pg/mL, to as high as LD pg/niL, (The flexible dote 
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TABLE 45.4—Ikw mirniniriifclutiuiis for enrrtfluxucin in exotic animats 


Animal 

Omc 

Rw\t 

Interval 

Reference 

AbligaLor 

5 ntti'k c 

IV. cm.! 

Every % lir 

Helntick ei aJ. 1997 

Savanna imviilor 

5 mgiTtg (10 mgiTg 

fur i ,J v wn ij RVir.i ypp. \ 

IM. oral 

Every % hr 

Hvngerford et al 1997 

Runnese python 

5 (hielKrdDKi 

far Ahu«uiiu vj>p. > 

IM 

Every 48 br 

Young ft ?d. 1997 

Indian star hflow 

5 mg/kj 

IM 

Every 24 hr 

Raphael el al. ]‘W4 

Kcd-curud dider 

5 mgiTtg 

43nl. IM 

Hvcry 72 hr l oral I. 

every 4S hr i IM 1 

JaniL k - cl al. UMTlIxiTimng 

Caupluir hwiui.w 

J m 

IM 

Every 24-4S lir 

PrLva.nl el al. 1994 

Mkitlk'mwc dolphin 

5 m^/kj 

cwl 

FrVflry 14 hr 

Liinctan «t al. 19^)9. 

Panel aivd Li.H.:kaux» 

75-15 nig/kg 

oral 

E wry 12 hr 

Flammcf J99S 

Fish (mmiilif) 

5 mg/kg 

IM. oral,, or IF 

Every 48 hr 

Lew hart 1998 


hriHu: These icoirrmi£ , ndu£kHi% me bused on urn analysis nl jih;irriL*.i5kaiteliL‘ dilu arid JiiniluU clinical eXptrienct. 'IIiltc have 

K*i i no ml l-dostnillHl eflkm, y *cud»es nr mfciy Mud if* in ihew animal*. 


f^nges specified by ihc nniirsufaccufcrs are n^cJ by the 
superscript in Table 45,L) The upper dewe i-s bro¬ 
iled hy safety (such as. gastrointestinal eflccts); the 
lower dose is determined by efficacy. There is no 
advantage to frequent dosing imultiple times^day) as 
king M -a sufficiently high C^ iMlC or the same 
AUC:VllC is achieved; I he re fore, the doses discussed 

for nuirunala iwid listed in Table 45.1 are intended for 
cmce-daily adniini.si:ratiw, 

The flexible dose allows relatively kw dkistfs of flil- 
oroquiflolwnes to be aclmini'.ieted to ireai the must sus¬ 
ceptible organisms. That is, for susceptible E. coir or 
Pusieurella organisms, the lowest apprerved dose can 
he administered. To achieve Lhe accessory contenEra- 

lion fin* Mime Ssaphylvtoccv* or gram-p«ilive hacie- 

ria. that have higher MIC values, a higher d»se may be 
needed, e.p.. a dnsc in the middle of ihc do we range in 

Table 45.1. When the MIC values are high for organ - 

isms such as P. aerngitwi(j r the highest safe dose 
should be cons id e red (Walker et al. 1992: Meinen 
et al. 1995). 


CLINICAL USE 

Dogs- and Cats. The administration of fluoro- 
quinoknies Lo dugs and cats eon^ilUteS the largest 
application of these drugs for v-eitrinafy UtedkHne 
They have Iwn used extensively during the past 10 
vears for infections of the skin, soft tissue, oral cavity, 
urinary tract, prostate, external and meddle ear. 
wounds, respinitory EnieL and bmte tPiLfadis et al, 
1990; Ihrke and DeManuelle 1999; Ihrke IW; Carimii 
et al. 1999; Griffin 1993: Hawkins el al. 199K: Dorf- 
fiian et al- 1995: Coiord el al. 1995). There has heed a 
decade of experience with enroftoxacm, and veterinar¬ 
ians, now have experience with marttolloxacin. urb- 
iftexacin. and diflnxactn. The efficacy of the tluoro- 
qiuiinolones has been a eve pled by virtue of approval by 
the US Food and Drug Administration (FDA) for the 
(railtheiil tpf skin and urinary tract infeclacwiFi (all cur¬ 
rent drugs) and respiratory infections (nlrofloitfcill 
only). In the United SlitH, enf ofloxacin and orb- 






iflnxacin are approved for dogs and eats: mar* 
hofloxaein and difloxacin arc registered for dogs only. 
According lo each drug's FQt summary available 
thrrHigh Lhe FDA, cnmtloxacin. orbifloKncin, mar- 
bofic5S.acin, and difiouciii are elTicjioous lur skin 
iiffcctiems and urinary trait infections in dogs at the 
lowest label dosage. 

The efficacy ofenmfloxacin and marbofloxacin has 
been demonstrated specifically for canine pyoderma 
through published reports < Ihrke and DeManuelte 

1999; Ihikc IWfi; Paradis et ah. I WO; Carknei et al. 

One disease in particular for which 
EOrofluABrirrs efficacy hoi been demonstrated is Ger¬ 
man Shepherd dug pyodtettna when Lhe drug is admin¬ 
istered orally once daily at a dose rate of 5-If) mg/kg 
(Ihrke and DcManuelte IW Kwh and Fdcr^ ]Wfi> r 
The effectiveness. of enrolloxacin in the management 
of (hi* syndrome plsn may he partially explained by 
beneficial anti-inflammatory properties (Ihrke and 
DeManuelle 1999). Quiaukincs have been shown to 
di minish Itimor neemsis 
induced leukobrieite generation from neutrophils lym¬ 
phocyte^ monocytes, and basophils (Badly ct al. 1990; 
Knflllcr el al. I9H9|_ German Shepherd dog pyoderma 
may be associated with a predilection lor an exagger¬ 
ated tissue response lo staphylococcal bacteria charac¬ 
terised hy an inappropriate release of cytokines and 
other mediators of inflammation. 

In addition to treatment of infections in these com¬ 
mon sites. Iluuroqu inuIones also haw been used to 
ucai rickettsial infecukm (PrdhdfaerdE et al. 1990, 
1999) and have been examined ior treating Bu nonet in 
infections in cats (Kurdick et Al. 199?)., Against Rich 
cits in riikt'ttxrr. enmfloxuciii is equally as effective as 

doKpcycUn « chloramphenicol (RreitKhwerdt ci aj. 
1990), but the success for eliminatiing Baruwelki in 
cans luu been equivocal (Kordick ct al. 1997). 
Enrofloxaein has been used successfully to (real acuie 
eMtefanuj. in dogs caused by E. cants and £ plnlyi at 
4J dosage rtf 5 mg/kg tMKC dai ly for 15 days i KontL>s and 
AlhanastOtl 1998), However, success in ireating 
chronic ehrlichiosis hu_s not been demonstnued. Flu- 
oroquinobnes also have been used lo (real infections 
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caused by AfvL/ij'p/fr.vn'kr ,;ind htyc'tibacfrriA Although 
(he accivitiy against Mycophximcm lx variable t Han¬ 
nan et al. 1997),. it ha* been effective fat write oppor¬ 
tunistic mycobacterial infectious in ears, iStudden uihJ 
Hughes 1992}. Enrofloxacin and danottoxaein were 
consistently more active against veterinary 
MwuploBiu isolules than flunneuuiite I Hanmiii tt ul. 

19 m 

Small Mammals, Enroftoxacin aivd other IIuoro- 
qumolunc antibiotics are used frequently in sura l I 
mammals Midi as rabbit, mice, rat. and exotic species 
far skin ■and visceral inflections (Gdbcl IW9; Cahanes 
cl al. 1992. Broome and Brooks IWJIJ. One of the rea¬ 
sons flinraquinalkHicft arc popular for treatment in 
small itamdub is the potent: activity against gram-neg¬ 
ative pathogens affecting these animals and the excel - 

tens oral Absorption. Another important is. 

the good safely record of the fluoropiinotoncs in small 
mammals. Oral tableLs of lluoroquiiHilones have been 

admiiulMered directly or crushed to nuke a suspension 

that can be conveniently administered -omllj to the 
small mammals mixed with water, fruit, or some other 
palatable flavoring. Small! mammals such as rodents 
and rabbit* are prone to giLslrmnlestmaJ disturbances 
and enlerilis caused by overgrowth of hacleria. espe¬ 
cially Cknfritlium ucgiiiaisms -illter administraEnin of 
p-laetiin and nidCfOlidg antibiotic*, Because fltWfO- 

qiuinokhnaA arc not active against the anaerobic bacteria 
that compete with Ciostruiikm atganism, bacterial 
overgrowth of pu.thog.cn ic opportunistic bacteria has 
not been a problem as it has with other drugs, such as 
penicillins or macro Li des. 

Of ihe available drugs,, enrufloxacin has been the 
most extensively studied. The doses listed in textbooks 
and review articles for mice, gerbils, hamsters, rats, and! 
guinea pigs are 2.5—5J0 1 mg/kg up to 10-211 mg/kg FM, 
SC, or orally administered twice daily. The phunnaco- 

kinetics has been reported Gable 49.1k and there is 
some experience with the drug's efficacy, lit rabbits. 

e.g., enrnftoxacin. after a linse of 5 nig/kg, luis been 
cflcctive for improving clinical signs associated w ith 
pratcurdlosis. The recommended dose of enroflostacm 
tor rabbits is 5 ing/kg FM, SC, or oral. Although iL does 
not completely eradicate the bacteria in pmieurdlosis 
in rabbits it is considered the drug of choke (Gcibd 
1999;, Broome and Broofea 1991). 

Reptile*. The uve of fliniroquiiwlones in reptiles has 
become popular because of their activity, safety, and 
convenience of udminiMriuion (Papich 1999; Jacobson 
1999; RosenlhaJ 1999}. The only flunroquini^tone *|ud- 
led extensively is cnrolloxacin. It is active against 
gram-negative organisms often implicated in serious 
infection of reptiles, including Salmonella spp., 
A^JtjrarMiu. hyihtiphilki, Klebsiella spp., and P ovmgi- 
mtsti, and its pharmacokinetics Jul* lieen summari wd ill 
a review (Papich 1999}. ]L shows remarkable differ¬ 
ences among (Ik reptiles, but generally the diminution 

is longer than in mammals or birds, which Allows long 


dost intervals —us long as every 96 bourn in some 

species, The elimination rate of drugs in reptiles wiriei 
with the animal \ hody temperature, because it a If eels 
metabolic rate. When enroftosacin is administered, 
there Is variable metabolism to the active mcluboJite 
ciprofloxacin among the reptiles. EUmirtunion half-life 

ranged from 55 hours in alligator* to SJ hours in tor¬ 
toise^ i Young ei al. 1997; Raphael cc al- 1994; Helrnick 
ct al. 1.997; Hungertordi et al. 1997; PrezunC el al. 1994; 

James el al. forthcoming}. Monitor Ikfiifdfi, pythons, 
and bulks had half-lives of 36., 17.6, and 64 hours, 
respectively. Analysis of phaniiucoldiltftic data and 
appraisal of chnical experience l Jacobson 1999; Papkh 
1999) suggest a range of doses liable 45.4k bul vilely 
and elYieacy studies have not been performed. 

Pharmacokinetic slodies have good ahwrnp- 

lion of enrofloxacitt from FM administerion. find this 

route may prolong the half-life, probably became of 
delayed absorption from the injection site. Although 
some authors* have suggested that oral admintsiniiion 
should be avoided in reptiles because of unreliable 
absorption, ahsorplion was good after oral jxl mini sira- 
tion to alligators, lizards, and turtle* iHeLmiek el al. 
1997; Hungerford ct al. 1997; James el al. fi^rthcom¬ 
ing}. Because of slow* gastroi ntesti nal transit time, oral 
absorption may prolong Ik lialf-life. 

Birds. The ffiKMoquiitolMbH are an innpoftant group of 
antihiutics tot pet bird* and poultry. Administration is 
via drinking water for bacterial infections in poultry 
and by injection or orally tor pet birds. Fluoro¬ 
quinolones have Ihe advantage of good activity against 
bacterial pathogens implant to birds, including E. 
colt. Klebsirtkt spp,, Pseudomonas spp., Staphylvcw* 
rjiix \pp.. and Chlamydia spp. Resistance is possible tor 
E. cofi and Pwudf*nmm spp., however, and activity 
against gram-positive cocci (c.g., streptococci and 
enterococci) is tow. Although there is in vitro vuscepLi- 
bility of CA/onvifua to nuM.in.iqu inolrwe^, experience 
suggests that enrofloxacin can decrease clinical signs 

hut not eliminate the infections, f Hammer 1998). 
Therefore, nDoroqtfll no tones are not recommended tor 
mass mcdieaiion of pet birds, and doxycycline is stjll 
Lhe choice for this indication. 

For pet binds, Lhe dose is higher than for mammals 
because the clearance is faster FharmacufcineLics of 
etlruduiuKin has been studied in some buds < I able 
45.1). and from these stud ies a dose of 15 mg/kg DM or 
orally every 12 hours has been recommended <FIami- 
mer l9SHi; Hammer ct al. 1991). One advantage of 
enrofloxacin tor treating birds is that it has been possi¬ 
ble 10 add it to the thinking water of pci birds SO they 
cm be conveniently medicated. Enrofloxacin added to 

drinking water at a concentration of 0,3^tk5 mg/iul, 
has been used 1o treat highly susceptible bacteria 
(Hammer cl ah 1990). Enrofloxacin is well absorbed 
via tlii^ route, and as long as ll&e bird is drinking, effec¬ 
tive plu-sma conccnualions can he attained. Chui too- 
Lem with the IM injection is thaL it can produce irnia- 
tfcOil at die site ttf injection, which is problematic 
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FIG. 46J—Scftmulk anatomy of u. fungal cell arid pnvienciiil film where antifungal act 


dures (Gailgland 19911: Gray bill 1992). Without readily 

available susceptibility lcsls in veterinary medicine, 
most of the therapeutic chokes are empirically based. 

The diagnosis of mycotic infection is difficult 
because clinucaJ signs mimic those of Other disease 
processes* and often diuk-ians do nut initial ly consider 
fungal etLdli.ig.ie agents. Definitive diagnosis is difficult 
owing to the slow and. fastidious nature of fungal 
growth. Additionally, obtaining suitable and sufficient 
numbers of funguJ specimens nujy be impossible for 
some of the systemic fungi because the infection may 

occur in an anatomic location difficult to sample (e.g,. 

central nervous system |CNS| and eye). But advances, 
in immunodlagnoftis o-fsy&temic mycoses havcdriuiuit- 
icully improved the ability to diagnose some mycotic 

diseases (Jackson 1986) r 


DISEASES CAUSED BY RJNGL Superficial infec¬ 
tions are associated with dermatophytosis and ony¬ 
chomycosis. (THehfiAyJlm, Micwspomm) and thrush 

(•oral candidiasis). Also* yeast infections caused by 
M&lmst+ki ptithydefiiMis (formerly called Pifyrmpu- 

riiiw) are rceogns/ed as an important skin infection in 
dags. 

Subculuncous or regional lesions are associated with 
draining sinuses or invasion of bone, "these may he 
introduced traitniaiically or latrogodoUly and can 
become disseminated, Examples of i tie sc infeel ions are 


mycetomasa clnvumimycoMs. zygomycosis. phycumy- 
Ctuifti sporotrichosis, -und rhinosporidiosis. 

Systemic fungal infections are often associated with 
iminunocoinpromised patients, although they may 
occur in immunocompetent hosts under optimum dr- 
cumalances. These diseases are serious and often life 


threatening due to the organ involved and the refrac¬ 
toriness to therapy. These diseases may follow a 
chronic granulomatous course (e.g,, blastomyeon, 
histoplasmosis. coccidiomycosis. cryptococcosis, 
aspergillosis) and are-often challenging Lo IreiLl because 

of the need For potent systemic drugs. 


ANTIFUNGAL DRUGS 

Grbeshhiik Criseyfutvin. U5P (Fulvicin UfF* Ful¬ 
vicin PAUL QrifulvLn V. Qmaain, GriMieLtri ulira.) (Fijc, 

4fi,2). is a fangisi^iie antibiotic produced by fitnicil- 
Hum /trimjfiihm dfcrribc, Et is colorlesi, slightly bitter, 
and virtually insoluble in water. Its selective tcmdty is 
l^sed on an energy-dependent uptake into susceptible 
fungi that occurs preferentially to uptake into mam¬ 
malian cdlAu Once into the cell. griseohilvin diirapb 

interacting with 
microtubules, thus■ musing mitotic arrest in metaphase. 
Grossly this may appear as shortened and less branched 
fungal hyphiie. known as the "curling " phenomenon. 

Griwifulvin may also imterim with 




the mitotic spindle by 
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more praeiiod, than an equal dose of the micros! zed 
preparation (HiddJeston 197.1 J. A tluse rale of I f/WQ 
kg has been reccwimenKted for pigs for a duration of 
30—W days (Kidslein and Ctottedulik 1970k Gris«~ 

fulvin ml 30 g/day/ani mal was, repined to he -effective 
in curbing a mycotic abortion oulbnik dire to 


Aspergiitm fumigant is and Ca/wv* ymtus in 

buffalo heifers. Oentkkriv^ the concomitant use of 


intrauterine inftwimg. these results .arc da Of™ ll to 
interpret (She ham 1991), 



Flti. 4AJ 


anil-ft SPECIES. Case reports exist of gpswfutvin's 
successful use in the prevention of myeortie demuiiicis 
in Ostriches fOnkdUand Dor M Oeabal 1992) and in the 
I refLlmenr tif Tmhtrphyton in small ruminants (Abdel - 
Halim et ml. 1988). In Uw fim report, griseofulviii was 
.itided to Ihc drinking water, whereas in Ifoe latter it was 
used us u feed supplement. Griseofulvin was also used 
as a food supplement at a dose of 7.5 mg/kg to treat an 
outbreak of ringworm in a flock of 250 housed ewes. 
The animals were treated for 7 days while all were in 
their second third of geslatkm Lesions resolved within 
20 day* and were microscopically und culturally nega¬ 
tive. and parcu lit ton and Offspring were normal 
(McKcllar et til. 1987). Griseofulvia was uitflJccessAil 
in treating TrMfaphyton me pj xagivpAyrai In a commer¬ 
cial rabhitry us a water addilive, whereas individual 
therapy, although potefiiialfy effective, was considered 
impractLcaJ and uneconomical I Franklin et Al. I99l|. 

Flue } Ensure, Flucytosine (5-Flmnyeytosme, 5-PC. 
Ancobori) (Fig. 46 J) is a synthetic antifungal agent 
originally intended u* an unEicunoer agent (Dnshchm- 
sky et al r 19571. It was ineffective against tumors, hut 
further greening revealed it pou«sredi ami fungal Miiv- 
iiy in vitro (Baser and Dusdiiusky 1962). An oral 
preparation became available in the United Slates in 
1972. To have cytotoxic effect*, S-FC must first be con- 
verted to S-fluorouracil (5-ITJ). Uptake into the fungal 
cell is governed by cytosine permeate. Once in ihc cell, 
it is. converted to the active form by a fungal cyiasdne 
deaminase enzyme. Then 5-FIJ either is incnfpofaledl 
into RNA. disrupting protein synthesis. or is converted 
to a related cam pound which inhibits DMA synthesis. 
The mammalian cdfs deficiency in cytosine deami¬ 
nase is the basis for the selective lankily uf this com¬ 
pound; however, conversion to S-FU may occur by 
microbes in the gastrointestinal (til) iroei. 5-FU is nor 
readily absorbed. by fungal cells hut is toxic to mam¬ 
malian cell* and may lead to anemia, leukopenia, and 
Ihromhoeylopcniu (Bennett 1990). 

Flucytosine is active against CrypttiC&ccus mpf&r- 
mtu h and certain species and strains of Camlviti. Thy 
majority Of AsprrgUhu species are resistant, h has lit¬ 
tle effect in vitro- against Spomihrix srh£nckii r Blasto¬ 
myces dermafindis, HlttopkbMa wpsulafum, Cocrid- 

fctides jmmrhrx, wind Rhizppus. Resistance tu fluey losing 
ha* developed both in vitro and during therapy, which 
limits its use as the sale antifungal agent in a therapeu¬ 
tic protocol. This resistance is thought lo he due to fun- | 


gal miilatiuns resulting in either decreased permease or 

decreased detDlmse Activity. 

Fluey losing is used infrequently in veterinary medi¬ 
cine and ihere is little infomiaocni available to guide 
dosing or clinical use. Since few pharmacokinetic data 
are available, the pharmacokinetics of flucytosine mnvl 
be inferred from human studies. 5-FC is rapidly and 
completely ahsorhed from the (Gt) tract. Ft is mint- 
inally bound lo plasma proteins such that its volume of 
distribution Approximates total body water. It is present 
in. the cerebrospinal fluid (CSF) at concentrations, 
approximately 65-90% of those in plasma and also 
appears to penetrate into aqaeou* humor. The pe net ra¬ 
tion into the CMS has expanded its use to treat CMS 
fungal interim*. Its hull life i* between 3 am3 6 hours 
but may he as long as 200 hours in patients in renal fail¬ 
ure, us approx imaiely El>% of a dose is excreted 
unchanged m urine by glomerular filtration. 

Due to its. previously mentioned limitations, the 
therapeutic indications for flucytosine are limned to 
adjunct therapy with amphotericin B in systemic infec¬ 
tions caused by Candida or Crypiococciu ttrofmmms- 
Sytiergy between these two mediealions hits been 
demonstrated, arid combination Lherapy has been suc¬ 
cessful, particularly in the ireaimeiii of cryptococca] 
meningitis fUtzet al. 1975; Rennet ei: al. 1979k Flucy¬ 
tosine was ihqvn to be effective in a domestic cut for 
treaiipj phaeuliyphi unyeivsi s due to un Exopkiaia 

spmifem infection that was refractory' to both grisco- 

fulvin and keloconazok tKctElewcll! ci al. I 9 K 9 ), but 
caution is recommended hecause •comhifLiiioii therapy 
of flucytosine and kctoconazok was found to be toxic 
in cats for treatment of this same disease t Pulcay and 

Dion 19841 


Ampholcrickn B* Amphotericin B (Fungi/am;) I Fig. 
46.4 h is i polyene uilihintic firM isolated from rolling , 
vegeiaiion in VtnrzueJa m 3956 (Gold cl al. I956;i» 
Both amphotericin A and B are natural fermentation 
products of the acEinomQKtfe Strrptomyc£& r\&dosm. 
Although both forms- poftsm Antifungal chaniclensSics. 
amplhotencin B was developed, and current pfepurj- 
ticnis are iilmi.vsl devoid of amphotericin A (less than 
2%). As its name it is an amphoteric com¬ 

pound whose mu-leeulfir srniclure mthls of a large 
rtlacrolide ring w ith a hydrophobic conjugated dcpuMe- 
bond chain and a hydntphihi: hydroxy luted carbon 
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chain .Mid attached sugar i Mrchlinsk el al. 1*970). ll is 
prepared as a jfdkwilh powder wUd) is luoMk in 
waler and uncwtail unstable (Barnett 1990). When 
reconstituted m a vill, lite commeftM foflDulfltiM 
(Ri nghn f) in j mkellar coonptoK off amphotericin B 

and a bile hall ijundiujii dexosycholatc). 

Mechanism oh' Action. ITit- action of anphoievku 

B cm fungal fells mily involve nm than uric mecha¬ 
nism (Biujtburg et oL 3 990). A major action of Atnpho- 
lerifin 13 ii to hind in the fungal plasma cell 

nteldbranc, (hereby muling Ihc membrane more per¬ 
meable. lEKTHKd permeability results., among other 
actios, in leakage of cell elcccn Jyles. resuming in cell 
deanJ). Ai high CMCountkHttr amphokncmi R Is 
thought in cause oxidative damage to Hie tmlgal cell 
(Wunodt IWtj nr disruption of fungal tell enzymes. 
The selective loxitily of HUpbOKricio B based 00 ils 
deere-used binding to the major cell membrane Merol of 
mammalian cdb (dnksttnl) as compared to that of 

ftngjri cdlr (ascwtcn>l>, 

SPECTRUM Oh Activety. 7Tk- growth of strains of 

ituM V tte iu yy fungid pttftOgCfH is inhabited in vitro at 

m pho te r i o n R concentrations between U.U5 uim! LO 

pg/mL. Sensitive fungi include N. cafimkiMht C« JW- 

jfefWHnf, C- immtif.s, B dermalftiihh'. Ctitidi/kt kpp and 

many strains of Aspcq*ilhts. Ampbutericifl B has been 

indicated for Ircafcvnenl of mucormycosis* spnft?uv> 

chosis, and phycomycusiv (DfOkte and DujWflf I9E7), 

Most strains of P*rtitktll4r.'tdm¥§& as well as 

■ 

some agent's causing ehromoblaslomycosis and phaeo- 
hyphoinycnsis have minimum inhibitory concentration 
(MtQ values greater Hun 2.0 |tg/mL and ttfC Ihercforre 
considered resistant Although MIC values H i/e mit typ¬ 
ically measured tor clinically iriblvd funpi, (lucre is 
good condadm belween (he Mir values and clinical 
response io amphotericin B (O'Day et niL 1987). Clini¬ 
cal fungal resisiance to amphotericin B. either primary 
or acquired, does not appear to occur commonly, 
although resistant strains mms in vitro, in most cases, 
(hue resistant strain* contain decreaped kvds of mcm- 


brittle ergosterol (Fmuc d ll 1978); increased catalase 
levels may allow these fungi to be resistant to oxidative 
dependent damage (Sokol-Anderson ct at. 1988)- 
Treaiincm failure due hi fungal resistance has rarely 
been reported in humans^ however MIC concert nations 
were found to be increased in certain palienl popula¬ 
tion, Mbch as neutropenic puticnLs tDiek ct aJ. 1980 k 
transplant patients (Fnwdcrlv ct al. I9KH}, and patients 
undergoing cytotoxic Lhcrapy. 

Chemical PKon-RTits and PHARMAtTiKiNtTit/s. 

Despite ns long history of use. much is fclill unknown 
CHHcnlng the phamiacofcinefics of impfeofericiii R. 
especially in the vderinary pupuhition. H is pooriy 
absorbed from she Ol tnd and tiol ^dmlnisiered orally 

CSfCpC fur IlkjI LruaLiucuL ol oral yuasL inlcu'Liuns. 

Wlieilsef binding in the CJI tract, failure to crass Ihc 
iuivsiiihal anew, of firsL-|ttss hepatic metabolism is 
responsible for pot^r lyUsmic absurptmn is uiR'crtain. 
Amphotericin B mu^L he given intravenously or 
intrathecal ly. 

Tu soluhiliiy lor injeciion, current prepara- 

tkw enniLiin sodium dcnxychrdatc, which forms a sus¬ 
pension. This form should not he admixed ■wiLh elec- 
Lrolytes in ulutkni or iiuctivatku will occur, 
hillowing infusion, amphotericin B separates from the 
dcrfixychnlate and hinds extensively (-95®) lo ierum 
proteins, mainly p lipoprotein (Bennett 1977), Much of 
the drug is thought to leave the vaseulur-space and bind 
to cholesterol-containing membranes. The highest con¬ 
centration* are found in liv*r. spleen, kidney, and lungs, 
with link accunulllkm in either muzzle or adipose tis¬ 
sue- Gmcevtntian of amphotericin B in fluids Irom 
inllamcd pleura, peritoneum, and synovium and ill 
aqueous humor are about twiMhirds of Lliu*£ in serum. 
Amphotericin B readily crosses d» human placenta. 
PeneLratiun into ntmfnyl nr inflamed meninges, vitreous 
humor (Uinsuil ainniocie fluid ia poor. This diJYer- 
cnlial distribution may explain irciililtfUl failures for 
infections in some tissues. Although ymphiucricin B 
hind* erpMtttoi with higher affinily than cholesterol, it 
was suggested ihai heeau.se Ihcrc arc more binding sites 
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The lipocnmal complex of amphotericin B (AmFSi- 
somej is a unilamellar liposomal formulation. This vu 
the 11™ liposomal for rnu lathm ;Lvailahle. When rocHr 
stiEuleU. l! produces small vesicles of encapsulated 
amphotencm tt. Thus formulation Ilss been used safely 
and effectively in some dugs far blastomycosis (Plot- 
nick 2000). This HpOUflUlcomplex of amphotericin B 

Was Used m dflulJhri sludy u-f 1.1 dugs ferr thraJilwitl ull 

Ijithmutiiit mfimnim ai a dr>*e t>f 3-3.3 mg/kg. 
Although then; wa* rapid clinical dng* 

remained podihe for Z/uAnoda (Oliva el jlL 1995}- 
The advantage of ihese ttpid-based fetmuhHrw of 
umpbnivricia R fx that in conparismi lo Lhe coovti- 
iilwuiI fiwimiljiiii'Mfc L^f amphLPivrkio B (amplhiwritin B 
deoxycholffteX they can be given at higher duses lo pro¬ 
duce greater efficacy with less toxicity (Hiemenz and 
Walsh IW), Doties of lipid complex formula* ions of 
amphotericin B have been 3 mg or more per kilogram 
(compared to (3.25-0.5 mg/kp of the ecmvenlicmal for- 
mulatmnh (Walsh et id. 1999: KLngden et al. 199 k 

Graybill el al. 19(2; Htfrlclieret al. 1992). Deereased 

toxicity is attributed lo a selective transfer of the lipid 
complex amphotericin B, releiiiiug the drug directly lo 
the fungal cell membrime and sparing the mammalian 
eeJl membranes. Reduced drug cflmvtntiotv in lhe 
kidneys and diminished re I ea.vc of inflammatory 
cytokines 1mm amphotericin lipid complex compared! 
to the convc-ntiLifuil formulation also may prevent 
udverve reaction*, ll is possible that doses uved for vet¬ 
erinary patients have been loo COQKAVbvt, and bused 
nn experience in people, higher doses may be tolerated. 


Azote Intifungul Prucs. The azole antifungal drugs 
include the imidazoles and iriaznlcs. They ane brciad- 
specLnu-m until ungal agents that also show some activ- 
LLy against gram-positive bacteria t although Lhcy are 
acm used tbcfipcud ci Dy for treating bacterial bribe- 
lions, in nnimahjL In the early I97IX lhe fint imkUzote 

compound with amifungal activity, elnirimazok, wh 
dispm'cred. Unfortunately, Mutninduclion of hepatic 
degrading enzymes caused undelectuble plasma con¬ 
centrations after several days of therapy. In 1977 
miconazole, also an azole compound, was introduced 
iubd w futiiid in bn effective against him fungi 
refractive Lo amphotericin B. Rapid clearance and poor 
oral abs^wpti™ necessitate frequent IV infusions dur¬ 
ing hospitalisation. In addkkm. lhe sdIhM lining agent 
in lhe parenteral form induces hislaminc-mlatcd toxic 
side effects. making iLs use hazardews. The current u-ves 
of both clotrimazole and miconazole have been prima¬ 
rily restricted to topical treatment of localized superfi- 
cUI infections. The first orally active iniduote anti® 
fungal, approved far use in 1979. was tetacooude, 
More recently the inroductHNi of two triuotev, flu- 
conazolc and iLraconiizi.de. Iujv presented line clinician 
with several stub-, effective alternatives lo amphotericin. 
B fur the treatment L>f serkwis fungal Infections.. 


Mijtiam&m of Action. All azotes mm their anti¬ 
fungal effect udi the eel I membrane of the fungus by 


inhibiiing rynflsesh ofprimary stool of Uk fungal cell 
membrane, ergostool. Inhibit inn of die P^O-tkpcnd- 
ent luostool C N -4entohylu& euytne results m 
depletion of ergosicrot and accumulation i>f C |A -mechyl 
siltoIs in lhe eyioplasmie membrane (Fig. 46.5). Inhi¬ 
bition of the F-451J enzyme occur* via funding of the 
mlrogen \K of imidazriln and N : of ajoles) to the 
henie iftin abo l^ ferric cytochnnif P-450L This pre¬ 
vents iln' fnmuikwi of tlw to peroxide Fe +-+ complex 
(Fe“ J Q ) needed for hyrhoxylatiofl of meihyl stool*. 

The result Is an inability to dk’methylalc V ^-methyl 
sterols and reduced synthesis of crgnslcmt. Incorpora¬ 
tion into the membrane of sterols that are less planar 
[hurt ergostenl chugs menibrajH! Iluidity and inter¬ 
feres with the barrier (uOctkn of the membrane and 
with membrane-bound enzymes. 

Azole dmg* are generally fungi stole ;u cooccntn* 

tlons achieved clinically. Fungicidal aciion can occur 
via direct interaction with lhe cell membrane barrier 
(miconazole) and accumulation of toxic peroxides 
resulting from alterations in oxidative metaholism and 
Inhibition of cellular respiralion 1 Polak I *)W j. 

Pi lAlEBlACOcnTHAMICS. The potency of each azole 

drug is rotated to iis affinity for binding the P-450 
enzyme. The selective rax iciiy of each coopourul i* 
darcctEy dependent upon ils specificity for binding fun- 
gat P-450 mure readily than mammoJian P-450. imida¬ 
zoles are less spex'ifit' than In azoles and produce side 
effects in animids uLLnbuled to inlubftkm of P-45(i 
enzymes such a 1 ^ synthesis of i.Midisnl i\m) ncpmductive 
sten>id hL^fmonc'.r Azotes m^y decrease cholesterol, 
cortisol, undreigen. and bnoAnw bkviynthesis and 
may inlcrterc with !vcveral liver enzymes necessary for 
maetivaLion of toxic and carcinogenic agent* 1 Polak 

1990), 

KEIOCWAZOLE, Ketocooftzok (Nizoral) i Rig, 4b ft-k 
one L^f ihc jmidayjok*. became available in 1979, with 

results of iis successful u:<■ in ^^riiiary mtdiein^ 
being published shortly the real ter (Legendre et al. 
IMK2; Medleau et at : I9K5). Keloconaznle is mnsi 
ctfeLlivc against yeast and dimorphic fungi such as 
f.'jjrjufjt/irj, Mctbutfzte (Pitytwpofw i) pocfowdtnRQttSj 
C fnunllLr. H. t dp.wifimttti B. demalftldis. as well as 
most demnsituphytes with MIC values less tlurn 0.5 

pgj’tflL. li: i* less effective against C". iwftvnwu, .S'. 

wtevtiL and Ajffpji/bi vpp_. with WIL" values vary¬ 
ing (nun £i to >I(X] pg/mL (IIuiik; anJ Kerieriug 

1963). 

PHARMACOKINETICS. The advftQta«u over older 

uole cLnihfHuiihJs include incniud sL>lubltiiy in an 
acid env ironmcnl, gocxl tissue distribution, and reason¬ 
ably long luilf-lifc (Haneshniend and Wamock. I9HKI. 
KetiHitmazole i-s well absorbed from an Add environ¬ 
ment and when given with a meal. KtfcKaiiZdfe is 
highly protein bound (>^^1 and therefore does not 
ivnciraie inn? she onbrnpilHl. seminal, or nvular 
fluid ett a deoificut degree: however, it is fouid in 
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Er^gwIisPGl Choterferol 

Fungal Celts Mammalian Celts 

FUG. 46.5—Simplified rflwmc of fungal and numrnalkan bkh> nihesis of die major dml in the cell incnitaini:. Tim alTiniiy 
wtth whidi an azoic anniluncaJ hinds 10 each P-4.MJ cruynit fctaniKa Sis |Xrtcrm> and aefcctH* iux.ieiL>. 
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till vin and kcioeonazok, and in (wo subcutaneous dcr- 
maiophytc infect jcnu (pseudoniyeclomai in cats 
(M unde 11 imi 

In dogs, the most expensive study has been t\>r treat¬ 
ment of bhislomycuds (Legendre el uil. 1996). In -it 
study of 112 dogs* 5 iqgftgMQ was ns elective us* 10 
mg/kg/day, With a 60-day coarse of therapy, 54% of 
dogs were cored. 

Isractirtazole has been used io treat ocular anil sys¬ 
temic blastomycosis, in dogs, When given 5 mg/kg itra- 

LYiny/ole tw ice a day few fiO days, 76% of eyes with 
posterior segment djsca.se other than optic neuritis and 
18% und 13% of eyes with anterior uveitis or endoph¬ 
thalmitis, respecti vely, Decowxcd (Brooks el aJ. I992 h 
Itmcurtii/Jjlc bus been successfully u-sed in huh 'llle 
prevention and the treatment of aspergillosis in caged, 
birds. A dose of 20 mg/kg daily for at least 30 days was 

used Lo successfully imi 5 of 12 presumed cases of 

Asptrgiihti infect Lous iri penguins. Tliis same author 
suggests its pmpliyhiLtii; yse ill penguin chicks (Shan¬ 
non LW2}. A different creafcmem protocol was recom¬ 
mended lor j_spcrgillnsis in raptors. Birds arc Lrealed 
with 10 mg/kg twice daily in combination with ampho¬ 
tericin B nehulizulion three limes a day for 20 minutes. 
Treatmerl for some eases lasted as lung as 6 weeks. 
Those authors also recommend Lhe prophylactic use oi 
itraonuio.de whenever (he clinician expect- inora-oJ 

risk for (he elisa» (Forbes ct ah 1992), 

DOSES, Dosages used in dogs have been 2.5—5 
mg/kgfthy and its high as 5 10 iug/kg/duy for lhe treat- 

men* of blasl^mycosis. The most commonly recom¬ 
mended dose is 5 mg/kg/duy (1 .egendfe 1995 i and may 
be as effective as high doses with less toxicity, Jn cats 
it lias been used to treat deniwtophylosis at a dose of 10 
Ittg/kf! twice daily (Muriel I® and Deliuer 1995). but 3 
mg/kg twice daily may be just as effective. Itraconazole 
is. available m 100 rug capsules. The granules in these 
capsules may be added I® food for convenience.. Ii a]su 
is avail table els a 10 nig/mi, clmry<-flavored oral liquid 
formulation. 

ADVERSE EFFECTS:, [tnicunazole is. prubably heller 
tolerated in dogs and cais. than Lciooonawle. Nevnche- 
less, ionic reactions arc still possible. Since mmi 
adverse effects arc dose related, one is advised to lower 
lhe dose in animals in which adverse effects are 
observed. Aocordtatg to Legendre (19951 about 10% of 
dogs receiving recommended do*es develop hupaiie 

loxicnsis. Liver enzyme elevations, mty occur in 
lfi-15% of dogs. Hepatic toxicosis is algo possible in 
cals. Anuresia may occur us a complication of Ircai- 
ment, especially with high doses and high serum con¬ 
centrations. It usually develops in the wclhmJ month of 
therapy in dog*. In cats there seem to he dose-related 
Gl effects of UOmJii Lind vomiting (Mancianti el ri. 

1998). 

Dogs chronically administered Unconuole ( 2 J. Ml 
or 4U> mg/kg daily for 1 months) had no significant 
ultefalinns in itlOiUlliy rate, behavior, appearance, food 


consumption, body weight, hemalotugic values, serum 
and urine chemistry, or gross pathology (VanCaulcTen 

es al. 1967b). Subacute toxicity studies in rats revealed 

increased adrenal gland weight and the accumulation 
of proteinaceous material in lhe mononuclear phago¬ 
cyte tsystem at doses of 40 and 160 mg/kg. Since the 

mnrionucleaf phagocyte system is responsible for rid¬ 
ding the body of a fungal infection, the clinical impor¬ 
tance of this, toxic riftei remains to he seen. Although 
not teratogenic at I ft mg/kg, maternal toxic ily. embryo 
toxicity, and teratogenicity were observed al M) and 
160 mg/kg in nils (VanCauteren el aJ_ 1967bfc there¬ 
fore. its use in pregnant animals is MUL recommended. 
Itraconazole has been well tolerated by clinically ill 

«ik. although one case of fatal drag-induced hepatitis 

has been reported i Medleau 1990). 

Itraconazole exhibits lhe highest affinity and selec¬ 
tivity fur the fungal cyiodhrume P-450 enzyme of all 
known azoles. It is up io 125 times more selective for 

fungal P-450 systems than mainnmlian liver enzymes 
in certain in vitro preparation* i Vanden Bnssche I L JH7). 
Nest only is- itraconazole efficacious in vilio. but it also 
dues not inhibit P4S0 systems in the lestis. adrenal, or 
Liver in vivo i Vanden Bossche et al. 1990), In clinical 
studies, 10Q mg of itraconazole given to humans each 
day for 341 days had no effect cm serum leslosLcrcwie or 
cortisol levels (DrCo-ler el al. 1987). Similarly. there 

were no changes in testosierene and cortisol enocenifa- 
tmins in rats and dogs receiving daily itracnnai^k for al 
least I mnnih. 

The biochemica.1 basis lew the specilkitx of itrac ona¬ 
zole toward fungal P-450 is thought to be dependent 

upon Lhe hydrnplhibic nonJigand portion of the nkilc- 
c\ilc and its affmily for the apoprotein portion of the 
cytochrome molecule (Vanden Bossche et al. 1990). 
'[he■ resulting lack of significant inhibition of liver 
microsomal enzymes results in iLraeonazole s inability 
to affect other drugs" metabolism. Although the clinical 
significance is as-yet unknown, drugs that can inhibit or 
Stimulate liver degradativu enzymes are able la alter the 
pharmacokinetics of itraconazole. liven Lhough itra¬ 
conazole is primarily cleaned by hepatic metabolism, 
there appears to he no need fur dosage adjustments in 
patients wiili liver disease clleykanls ct al. 1987k As 
w iilh kettxonaj:ole 5 iimeoitu^ule's ora.I absw^ion is pH 
dcpcndcni; therefore, dosage adjustments may he nee¬ 
cssary when gastric pH is increased. 

□ttutv iftm-:HX4“PTnvi. Like kelueonazole? - . ilraconn- 
20le absorption is decreased when the stumach is less 
acidic. Do ni.4 administer Willi antacids. ] I, blockers, or 

p’ 

omeprazole. Oral capsules of itracnnazxile shnuld. ho 
taken with fetid lo increase absorption. Hhe oral solu¬ 
tion (10 mg/mL Spuraiwx solution), on the other hand, 
ts absorbed better on an empty stomach. In a study in 
cars, itraconazole oral solufion appeared eo he mueh 
heller absorbed than a capsule, hut cals were fed wiih 
each medical ion. 

Some cytochrome P-450 inhlbiliun occurs 
(CVP3A4) and itracoinazole may increase concciilii- 
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dons of cyclosporine. digoxin, and cisapride. when 
used tont'ijrraicly* However, enzyme inhibition is 
mud) in comparison to lotoconaiolc. 

FLUCONAZOLt. Like itraconazole, fluconazole 
(Diflucan) has replaced ksioeomzole in small ammuls 
and birds fc.sr many indications, ['luconuzole (Fig, 46,9) 
is a synthetic hisiriazole thal wasi licenwd in dK United 
State* by (he Food and Drug Administration in January 
1990 for ilw in human (typ^coccil ;uhj candidial 
iaGectuAL 

In attempts lo overcome -MJime of (he deficiencies 
seen with earlier imidazole compounds, ii was fount! 
char replacing the imidazole ring with a Ui 112 : 0 k ring 
increased in vivo activity despite being four limes less 
potcnl m vitro than the original imidazole. This sug¬ 
gested LhaL due to the iriazole ring's decreased nucle¬ 
ophilic ily, il possessed an increased resistance to meta¬ 
bolic attack. Addition of a second triazole group 

resulted: in in vivo potencies IDO times ihai of keio- 
cona/ote and in relatively low lapx^ph ilacil y. Aqueous, 
suflubihLy dramatical!ly increased (from <1 mg/mL to S 
mg/inLj (Riichardsufi et aL 1990) by replacing the 
dichlorephenyl substituent in ketoeomizolc with a 
diflwirn phenyl group, The resulting compound has 
good efficflcy in animal models aud plmEUWCOkiMties 
differing From previous azole anti Fungals. 

Fluconazole has been shown to he effective in ani¬ 
mal models of tiUislwnyces. Candktay CacctdiaidBS, 
CrypUKmcm, and Hisioplasma infections and van ably 

efFeelivc against Asptrxiiim infection. 

.MiAR^i.-\COKBNL"ITLS- E'titL~onu/.4ilk. n hjis dillerenfi Kphi- 

biliLy thimiLtcri sties than keELKonazolc and itracona¬ 
zole and is alnoflbed well rvgLirdl.es> of the circum- 
rtanctt. Feeding or formulation {liquid v*. tablet) does 
not affect absorption, Fluconazola absorption Is. comb 

plete in animals. Fluconazole cablets (Diflucan) and 
oral suspension (liO mg/mL) are absorbed well, and the 
ml dose ii similar do the IV dose, 

RucwhmIc deixvcmtnbes linear absorption Iciiwtici, 

with hiosvailability greater than 90% (Brammer ci al. 
1990); thus, oral and IV dosages- are identical. Maxi¬ 
mum Fluconazole concentrations. are reached 3 —t hours 
alter an oral dose. Unlike other azole anti fungal s, flu¬ 
conazole is not highly protein bound. Humphrey et al. 

(1985) found plimra protein binding to be beaween 10 

and 12% at concentration!; of 0.1 and I mg/L in mice, 
rats, dogs, and humans. Fluconazole’* low molecular 
weight. water solubility. and high unbound fraction 
nlkiw it 10 be readily d-is.lrih.ned throughout (ho body, 
including ptiarmacokinetically privileged spaces. Drug 
concentrations in saliva, sputum, skin, nails, blister 
fluid, and vaginal tissue and seeretions were found lo 
he similar lo plasma concentrations.. The advantages of 
fluconazole lie in ils ability to produce higher CSF con¬ 
centrations than ketoconazdle or lUxonezde, and 
therefore, it may he useful for treaiing mycotic menin¬ 
gitis (Kmvatsky and D i van 1991). Fluconazole 
CSF/pfaHuia or serum toncenlracion ratios range from 
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0.5 10 0.9 in humans (Brimmer ec al, 1990k rabbits 

(Perfect et al. l^tfhk and rtiesus monkeys (Arndt el -al 
19M*U Hucnnazole has a volume of distribution thut 


approximate* meal body warier, =*0.7 LAg (Humphrey 
el at. 1*85), 

Due to its polarity, low molecular weight, and meta¬ 
bolic lability. fluconazole is eliminated principally by 
the kidney, A unique feature of flucunazuk is that this 
drug is the only oh of the azoles that is water soluble 
and! excreted in the urine in m active form, Therefore. 


it may be one of the few drugs useful for treating fun- 
gaJ cystitis. Approximately 809£ of the dose is excreted 
is active drug in the urine. EtdauKS of renally 
excreted metabolite* range from 4- to I MS, whereas 

feed excretion was negligible in she dog bur composed 
1U and 2% of Lhe dose in mice and humans, respec¬ 
tively. Half-lives were 4-5 hours- m mace and ruts. ™I4 
hours an dogs and cats (Craig et al. 1*93), and 22-30 

hours in humans* The disparity between renal flucuiria- 
wle clearance and crestiniDe clearance suggests that 

nel tubular reahvorption is responsible For the extended 
half-life, Steady-state levels are achieved in 5-7 days; 
thus,, the tnunuf^turer >ugge^l> a two times loading 
dose during the first 12-24 hours (Dudley 1990). The 
luck oF significant hepatic metabolism allows For I incur 
elimination kinetics; i.c., half-life is independent ol 
dose. 


In cats, fluconazole has a long half-life of 25 hours, 
will? gin*) absorption and distribution DO lhe CSF and 
aqueous humortVaden et al. 3997). The volume of dis- 
tribution w^s determined to be - I LAg. Rased on these 
results the zuufthort suggest 51 cat would require 100 nig 
Ruconawle per day, as a single dose or divided, m pro¬ 
duce an effective ethical response (Craig et al. 1*93). 

Ibe pharmacokineiics of fluconazole was investi¬ 
gated io bm«& recently (auihor’s, unpuhl ixhed daiak. 
Briefly, fluconazole admiiiistered orally 10 hnrsc* was 
well absorbed with hioavailability of lOOflt- The long 
half-life -of 3fi hours and good JislnhuLion (l LAg] 
indicate the potential utility of this drug in Irealiug l uu- 
gal infections. ConcentnitiLNis in <Ik CSF, synovial 
joint fluid, and aqueous hujnor of horses in this study 
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were 96,90, and 73% P nspccdwiy, of plasma eonecn- 
Lratiuns. Based on nsuth of this study, a dose of 5 
nixi/ki: unte daily orally was calculated. 


( UKICAI. USE. Extensive cxpeHmctihtiiun has been 
done in vilro and in various animal models tiding vari¬ 
ous h peeks of fungi (for reviews, see .Saag and Div 

mukes 198S; Truk* 19*7; Gray Mil 19*7 h Based on 

fiueonMole’s tissue dis-mbuiion, certain predictions- 

can he made regarding teclitlfcAl applications buth in 

human and jn veterinary medicine. High CSRserUffi 
ratios provide a promising alternative m irnraihecal 
use of other anrli fmigils (Foulds cl al. 1988). Encour¬ 
aging results have been seen with flue on azole's use in 
CtypEOCOCCal meningitis cither in acute management or 
ill pttVHUlon of recurrence in AIDS patients. High 

penetration into sputum iygg^ that high enough 

eoncentfaAiona exist ill pulmonary secretions- to be 

effective again*! pulmonary mycoik infetions. Flu- 
connsoie has born used in pulmonary or disseminated 
coecidioidomyc^is with a favorable response m 86$ 

of patients; it Iudl variable success- with fungal pficii- 
tMDflidi caused by Asptrgiihis spp. (CanLozanj -et al. 
1990). P« nitration into skin and va^ml tissue a I low 
for fluconazole's use in dermatnphyiosLS and vuKo- 
viglnd cundidiiais. Since the drag is vciully excreted, 
urinary ooncffl^ackifis are appro*imutely 10limes, that 
in serum, suggesting dt* UM for fungal urinary tract 
Lnfec linns. 


Fluconazole has been used in the treatment of an 
abdominal cumyectoma cured fey Madarriia mm- 
tomtit it. Following surgical eseision of the main miiA, 
a 7-month course of Jluconazole was iniiiated. Three 
weeks into Lherapy, celiotoniy and ultrasonography 
confirmed no regrowth of the mass, but smaller granu¬ 
lomas were present. Seven immihs alter diagnosis these 
granulomas had increased in ssi/y and number, and the 
dog was cuLhanizcd (Lambixchts et a]. 1991), 

RucofMLZole has also been used! to treat curing nasal 
aspL'fgilbmis. and penicilliosis. Ten ifedcd dogs were 
treated with 2.5-5 mg/kg fluconazole orally for 8 
weeks. Six dogs became free of disease 2-4 weeks 
after cessation of therapy and remained free of disease 
fm al least 6 month*. Serum alkaline phosphatase and 
alanine tratittittiitrae activity remained within normal 
ranges thmughnut the treatment period, iiwl adverse 
side effects were nol noted (Sluip 1991). 

Hu co in azole was used to control an outbreak nf cuc- 
etdioitluftfiyciimiai in jlftpoHKK Macaque monkeys in the 
Sou* Texas Primate Observatory. Previous success 
wfl* s«n w'ith Isppsnmai amphotericin B; however, it 
required anesthesia of the animals. Fluconuufc to 
administered by placing 25 (for juvenile*) or 50 mg 

(fur adults) in caramel candies. Of 34 animals treated* 
S improved rapidly while the others had no response, 
Diseonlinuataon of therapy resulted in relapse of signs 
in 4 of the surviving monkeys. The authors conclude 
that fluconazole has a role in the treatment of cuccid- 
itHckirnycmis; however the dose may exceed the 2-3 
vngflcg used in this outbreak, and a protracted duration 


of therapy may he necessary for fungal eradication 
(Grayhi ll et aL I MO), 

DOSES. Fat cats with systemic cry pioeoeeosis, elin kali 
studies have shown a benefit from a dose of 10U 

mg/'cal/ttey in one or two divided doses. Other reported 
doses are 2.5-5 mgfltg once a day (Hill et at. 1995). 

Phamiaeokmctic studies support a dose of 50 mg/cat 
pt'T day (Vaden et ail. 1997K In dogs the dose is 10-12 
mg/kgAlay orally. Flticunazolt is avail abb in tablets, 

oral suspension, and IV injection, Oral abwrpiiciri In 
horns, has been studied; 5 mgfkg q24h In hortfa pn> 

duct* sufficient concentrations in plasma and tissues. 

ADVERSE EFFECTS. Flu con azoic has been generally 
well tolerated, with mild adverse effects being reported 
in W#% of cases. The Gl tract was most frequently 
involved, followed by the CNS and skin Mild elec¬ 
tion in hepatic enzymes, are sometimes seen, and two 
east*, of hepatic Merest and death occurred in amweia- 
iitKn with fluenna/nle therapy tlKuwalsky and Dixnn 
11991 1 There seems to be liLllc ev infcnce of testosterone 
or Other steroid biosynthesis inhibition in viln> I Shaw el 
al. I9S-7) or in human or animal patient* (VuvCiuteren 
ct aL 1987). HcmatoUagrr abnormalities, including ane¬ 
mia. letriflupeniu, neutropenia, and throuibocyloperaa. 

hiive hoeii reported (AHFS Drug Infomiatlon 1492). In 

subacute toxicity studies i n dogs the higher dore reeled 
(30 mg/kg) caused slight increases in liver weight, 
iR’parie fat, and plasma transaminare sictivily. Although 
there is no** itfcmce of nrnlagenidly or cardmjgenicily,, 
iis use in pregnant patient* is mi recommended. 


INTERACTIONS WITH CITHER DRUGS OR DISEASES. 

Unlike ketOCCHfiaZOk or ilrautnia^jle. fluconazole s 
aqueou.* solubility iv acid independent;, hence, drags. 

that raise gastric pH were not found tiv have any hig- 
nificant effect* on fluconazole pharmacokinetics, As 
can be expected with a molly excreted -drug, renal 
dysfunction affecis fluconuole^ diitsinytioit such 
that dose ad)u*tmenis are ncecsxary. When patients, 
with normal renal function were compared with those 
with severe renal inmffkLcncy. tliNiona/.olc'^ elimina¬ 
tion half-life nearly tripled (frinn 34). 1 hr to K4.5 hr) 
i Dudley 1990). Reduced dodges ns well as extended 
dosing Interval* have been recommended in renal 
in.vufTieicmey. 

I ciirinafine. Ikirbinafinc CLamisiP) is reported to be a 

agent Et is a 

of the allylamine cla&s. A closely related drug of the 
saiiK 1 class ls iiallilme (NalOn ' ) t which is used as a rop- 

ical cream for dermaHophyu infection* in people. 
IferbLnafine inhibits squalene cpoxidiisc to decrease 
synlhesis of ergosceiol. Fungal cell death Kaukt from 
disruption of cell membrane i Balfour and Fluids 1992). 

ACTIVITY. Terbmafinc i* active against yeasts and a 
wide range Of dranaiophytes. It i* lungicidal against 


synthetic dreg 
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TABLE 44.1—Siatie^lc^ utirungal drop arid dQe*»g.es fnr treating systemic linngal infcctHHu in the do* 

Bind oil 


JJi 

Tnrt merit 

Dusslv <Uiw (mjfJlsJi 

TF^- 

Treqiifflcy 

C'tirnmcnt 

BlMonycoau" 

Am B initially 

OS 

0l25 

3 tuw&fattfc 

y\vr hit 1 - LhitultfiLin|i i.1 1 *u 


Elien KTZ 

16-1$ 

IQ 

i 2-34 hr 



ITZT 

J 

5 

32 hr 

lx it rviwr-li Ic:- IhrL-jjicfJiirkj,: diwaMJ 

FhhlLinl^UIKKLe 

KTZ 

10-15 

5Q 

3 2-34 hr 



Cucanat Am Fs 

0.154J.5 

0J5-O5 

4K hr 

llniji^ sIujIlkI lu^cLhjeT: KTZ 


and KTZ 

HH4 

30 

12-34 Hr 

given akinc after rondition 






impnyveh 

("ryplixMJCLiThis 

Am B 


ai-fts 

3 tin&Amfc 

PorCNS k/cdoD i-niiiyll^ 


5-PC 

1 ) 

50 

6 | if 

hir (."NS MecdOCU uialiaJh 



50 

30 

i hr 




75 

75 

32 hr 



WJ 

113-3) 

10-20 

12-34 lit 

hrf C NS- fciLfacLiuDt illsLiaJU 


KTZ 

5-30 

5-OT 

1 2-34 hr 

Fmst nuinLeruita.'v 


F\JZ 

5- ID 

5-10 

12 hr 

Fgt nminteMiK-e 

C dcndHndt»ycHU 

KTZ 

5-W 

SO 

8-24 hr 

N<it umEuI in nii.'ninjjiLifc 


An U 

444IJ 



If CMS ii uvndmfl 


mz 

5-10 

5-10 

12 hr 



irz 

s 

* 

12 hr 



PLZ 

5-10 

S-1U 

12 hr 

Fur tjiwnlf J i m: u.m: 


Erikormote 

id 


12 hi 

Topk'ul-dirtcL infusitm al 






anl c-lL iLin tfK 

Otodhiik 

KTZ 

5-Jill 

m-m 

12-24 hr 

For lyncnk dueate 


rrz 

5 7 

^7 

i: in 

E'iir systumiL dihuasu 


Nyrfuli ii 




Fur local riiiJi.xM.-iJEjiwou'i 
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South: Greene I OHk Chop-. 63-71 

N<rfu_ Ani B = ainpluiicrK’isi B; ITZ »• iiruLLiiujculL 1 : KTZ■ kftoCtiMOl^ FL2a rlil l.'a maV a■ UrL 5-FC=*fLacrwytatilH. 
‘f'ltkJLiiu^nli! rurt effective. not recLi mine ruled. 

^Lial'i»iu/oIc may replace fcalaoaiuofe thenpy. 

Human studies HiggeM itrilCCiIMPnlf siwl HiH/uraiiynlf li> Tv iis cfFcctm c a\ krli-HJini/ule amplutf-umiin Ft Lunihiiuhnn therapy. 

J Mnn! rupid uerahnispinal iiluid :-.tenh/ilium OCOiri vtitlk uiriiJfllulcrK'm B-5-tliliin.ii:^ I'.'miil 1 ttlCflpy ihur'i rtslJl fl JCitfla/ok'. 

ftnunuok imt idnin In n;i*jil HttnpIbiB, 


specific treatmem of villi diverse* in human patic-iiLs 
(CnuBptckAr i Mffl f. En tddMon, at on wilier time in his- 
my has mnfc emphasis- and support been placed on 
development of antiviral compound.*, the result of the 
epidemic of an invariably fatal infectitm. HIV. 

The treatment of viral disease in the veterinary pop¬ 
ulation is made tofflfldyu pnbkflodc due to the 
infcfttnieiK’y with which definitive dngHHta of a dis- 
case aimhuled to a specific viral agent m made,. Viral 
culture* arc ntH routinely performed and, when dune, 
lake u long lime, so results arc often n bln lined ifkr the 
disease has laken its course. Many of the anti viral 
drug* ore toxic and may wann the i-imdiciun of jii 
already dehiliiated infected individual. En chronic viral 

■r 

infections, such as those caused by the feline leukemia 
nr the feline iminunodefieitfiicy vims, the ability of the 
virus io become latent make* eradication of the dis¬ 
ease virtually impossible lHumus et al. 19901-. ALL of 
the presently available antiviral drugs are rntnutK, 
Thas, an intact immune system is required m maimain 
the suppression of many viral infections {an additional 
problem in FfcLV and FIV IflJfiCtkui). It would appear 
LhaL the clinicians 8 best defense against viral disease 
remains preventing infecticHi ( vaccinatiL>ni rather rhun 


attempting to specifically treat an already existing 

vinJ iifection. 

The following discussion of Ulrvird drugs consid¬ 
ers all compounds available, hut greater emphasi* i-s 
placed on Lhose with vderiOAty significance. An 
overview of the physiology and biochemistry 
involved in viral replication in necessary to identity 

largci sil® at u-hieb anttviral igeoti are directed The 

viral replicathe cycle can he divided into eight steps 

(Fif- 46 , 10): 

L Attachment: Tilt viruv particle must attach lo the 

I tost cell membrane, often eu a specific protein r e c ep tor. 

2. JVnrJnErtrrjFi.- Tile Virus pBftlc le iMnwIiaLuh- the hojt 
cell membrane. 

3. The viral pro Lein coat is- broken, 
releasing the viral genetic material into the but cell 
cytoplasm r 

4. Trtmxt'ripiian: A mRNA strand is made from the 
viral genetic material. 

5. TrainslaiitHi? Virul mRNA iiti itches to botl 
riho&nmcs, and nucleic adds arc translated into viral 
proteins. 

6^ Replication: Duplicate strand* of genelie material 

arc produced film th* ori|LuJ viral templite. 
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cell often requires i!k afwriik iflAmcikn of viral coal 

proteins with a>a kcceplDi JB proteins of the bust cell mcm- 

branc. SHitegta fnt coiling specific viral ai(«;hHt 

protean* wilh monnekiiial aiaMy to prevent attach¬ 
ment are limited by the fact that antibody must coat 
vims prior tci infection and hence requires knowledge 
of capture of prophylactic use. Analog viral binding 
proteins can bind host cell receptor proteins, thereby 
competing with actual viral particle binding, Unfortu¬ 
nately. (be host cell proteins often have other physio¬ 
logic Functions which preclude this approach. Host cell 
protein receptur analogs which aLLach to the viral coat 
protein haw been conjugated 10 compt»wnds which 
enhance opsonization and phagocytosis by macro- 

ptuflBi, thereby preventing viral repliealion. 






FIG. 4&11—(A) UciKuridincL (Bi irifluridiiie. 


TRANSCRIPTION 

Idoxuridine and Trifluridmt’. hi^xuntfinr, USP i5~ 
it^2 J -dfio*yoridiw, Herplex, Slos.il). (Fig, 46.11 A), 
and LISP 1 5 -tri Huoroniei h y l - T^dci :■ x y u r i - 

dine. Viroptie) (Fig. 46.1 IB), are thymidine analogs 
and therefore are only active against DNA viruses, pri- | 
rnarily herpesvirus and poxvirus-. The compound is 

phosphorylaicd inside ihe host cell and is ihen incorpo¬ 
rated into growing mammalian and viral sir-rinds. This 
DNA is thought lo be more susceptible to breakage and 
result* in faulty proteins if transcribed. The tliAdviuKd 
compound (trifluridine) is thought to have higher affirm 
iLy lor viral DNA than mammalian, as well as being 
more active. Bod) compounds arc used topically in the 
treatment of herpetic keraliEis. Given the cost of these 
medications, idoxuridine should-be used Initially, and if 
no response is seen within I week, (riflmridine therapy 
should he initialed (Martin 19^0>. Toxic side effects, 
including leukopenia, hepatotoxkity. and Gl signs, 
base precluded their systemic use. 

ty lunibine and \ irhinihine. CytarabiM* USF (cyto¬ 
sine arabinnside I -(^i>arabinoFurancisylcy(osine. Alllr 
C) (Fig. 46.12 A), and Vjn^analuWr USP (adenine arabi- 
rttiside, 9-P-D-anibiraoiuranosyladcnme. Atm-A) (Fig. 
46.12BK »re nucleoside analogs, of cytosine and ade¬ 
nine, respectively. They have in vitro activity against 
ttfuid DNA viruses, including, herpesviruses, 
poxviruses vicdnla, rubies, cytomegalovirus. and 
probably hepatitis B virus. Cellular enzymes convert 
these compounds to the triphosphate form, which then 
act a* competitive inhibitors of RNA polymerase. Her¬ 
pes-induced DNA polymerase seems to be more sensi¬ 
tive to this inhibition Lhun the mammalian cellular 
count erpart. 

Vidarabine Ls poorly soluble mi most be gmn kacilr 
voftou&ly in large fluid volumes over 12 hours. Vidara¬ 
bine and its active metabolite. bypoxanthinc urabi- 
noside, are widely distributed Im body fluids and 
tissues, including ihe brain and cerebrospinal fluid. 
Cyiurabine is birtnuisfbRiKd to an inactive metabolite 

and is therefore less effective than vidarabine. Major 



onintirc- 

FM3.46.12 


side effects include fit, neurologic, and hematologic 
toxicity and teratogenic ily. 

These compounds have been used topical ly in the 
tntacmenl of herpes keralilis and syslemically in herpes 
simplex encephalitis. In human medicine, vidarahine's 
rule ha* been suggested IQ be a^ i\ "backup" drug for 
resistant infections of herpes simplex virus and vuri- 
cclJa-zostcr virus i Hira.ii and Sdioolcy 1989). Vidara- 
Nne demonstrated significant antiviral activity in vino 
against the Feline infectious peritonitis virus. However, 
this effect was only seen if the compound was used as 
a pre- Or nffialmUit wilh viral inoculation (Barlough 

and Scott 1990). 

Kibavirm Ribavirin (Virazolej (Fig. 46.13) is a cria- 
zole purine nucleoside analog that inhibits ihc replica- 
[km of a wide range of RNA and DNA viruses in vitro. 
Itv sipinge-tl antiviral activity is against RNA respira¬ 
tory viruses i influenza A and B) and hspcsviimn but 
also includes myxewi ruses, paramyxoviruses, are¬ 
naviruses. bunyaviruses, retroviruses, adenoviruses, 

and poxviruses. Ribavirin is thought to hast multiple 
sites of aciiofi. After being muncpbo^iiwyliiKd lo nh 
avinn 5"-runnopbosphate (RMP) by adenosine kifUisc. 
it is able Up indirectly inhibit synthesis of guanine 

nucleotides, Punter ptophorylilim to RTF allows iL 
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FouflnrL twcamd (insodium p h o s phen o tornuil e 
hejt&hydrflte; PFA) (Fig. 4ft.]ft l is a pyTTisphosphate inia- 
log which exhibits antiviral activity againvi a variety of 
DNA ami RNA viruses. 1 e inhibits DNA and RNA 
polyinenues an well as reverse Uttn&eripIMe, The 
mechanism of fbscurnet differs from ihnse of the pre¬ 
ceding antiviral agents in drat it inhibits iNrw- enzymes 

by binding al the pyrophosphate binding site rather 
Ilian in a base binding site., Thus, inhibition is non com¬ 
pel ilive rather dun competitive (Ofccrg I9®9 ]l Because 
phosphoiylalitin by viral kinases is unnecessary for 

antiviral activity, it has potential for use in thymidine 
kinase-derk-iem beepeav inis infections iTeich ct at. 
1992), Viruses inhibited include avian myeloblastosis. 
Moloney murine leukemia, Ritader leukemia, visna. 
influenza, bovine leukemia, African swine fever, 

baboon endogenous, simian sairomiL huinait herpes, 
and human immuniidcfieieiicy viruses (Swenson ei al. 

19-51}. 

Although viral, replication has been shown in be 
inhibited at concentrations achievable in plasma. Lhese 
concentrations often vary widely. In addition, variable 
incerindividual pharmacokinetics in humans make opti¬ 
mal iliWJige regimes utiFficull Eli- Identify 4'l.ieliiiiin 

1992), The phamficoldwtiesof PFA have been inves- i 
ligated in file cat (Straw ct ei- 1992)- PFA was only 8% 

hioavai table, was found to have a terminal haJf-lile of 

*3 hours, and was not metabolized, resulting in a total 
tleanivwG of I .KM ml 7m in/kg. The related compound 
thiofotcamet (ihiophosphonoformate, TP FA j had 
greater hioavai lability (22-44%) and a shorter plasma 
half-life (42 minute*) and was metabolized to the active j 
PFA, suggesting, its. possible use as a prodiUg. The per¬ 
cutaneous absorption of PFA was studied in rabbits and 
dogs to ensure its safe topical use in herpetic muencu- 
lanoniB conditions, Systemic absorption after vaginal 
application was found to be 14% in the rabbit and .44% 
in the dog, w hereas 12% frabbit) and 3% (dug) of this 
dose entered the systemic circulation after topical 
administration (HlUttlo and RitseM 1989). 

Rosuumet is more effective than vidarabine in the 
Irealmem of aeyelovir-resistanl! herpes simple* virus 
infections. It is as effective us ganciclovir for treating 
L"MV retinitis in AIDS patients. It hits ilk- advantage of 
having intrinsic anti-HIV activity; and it is better toler¬ 
ated lhan ganciclovir when given in combination with 

AZT (; Jacobson etui. 1991; Puk^li m et al. I99T). Fos- 
camct therapy may result in renal impairment, arid life¬ 
long mtemiillcnl therapy may he necessary to pfcven.il 
recurrent CMV infection, hut myetnsuppress lvc toxic¬ 
ity is avoided. For these reasons ic may replace ganci¬ 


clovir in this upplicuiis.ni ( Minor and Balls 1991) except 
in patient with decreased renal function (SOCA 
1992). The prophylactic and therapeutic use of PFA has 
been suggested in the cut (Swenson d d, 1991), ft is 
suggested that long-term PFA administration! to FcLV- 
iiifeeted cats, may limit spread of infection within and 

between hosts via extracellular muilivution of newly 
produced virus particles. The uulhare also suggest PFA 
may huve u role as a viral disinfectant for Mood, blood 
products, supplies, and equipment. 


ASSEMBLY 


Amantadine m6 Rimantadine, Am^tadiiw hvdm- 

w 


cktvfidu, USP (l-addmantanamijie hydrochloride. 


.Symmetrel) [Fig. 46.17A), and Rimantadine (Flunui- 
difie] (Fig. 4ft. 17B) are water-soluble cyclic amines 


with antiviral activity against a narrow range of RNA 


viruses. 



togavhuses, and most strains of influenza A virus. 
Rimantadine has approximately 3—4 times greater in 
vitro activity against iolluenza A than umuntudme 
(Betts 1991), The mechani sm of these Lw o related Com¬ 
pounds hits been debased. They were though! ai one 
time tn prevent viral penetration and uocnaiing (Hoff¬ 
man el al. 1963), but this. has been refuted more 


recently (Couch and Six I9K6|. Their antiviral activity 
is now thought to involve inhibition of hue-Maje 
assembly of the virus. 

Both compounds are absorbed well ftom the human 

GJ txatiL Serum concentration* of amantadine are 

greater than those of rimantadine. Nit the latter 
achieves greater eoncenLratiun^ in accretions (Hayden 

et al. 1985). The volume of distribution of amaiuadjfK 
is significantly less than Chat of riiminUidiiie, Amuntu- 
dine is excreted unchanged in urine, with an elimina¬ 
tion half-life of -16 hours, whereas rimantadine is 855- 


metabidized and eliminated with a 24—36 hour half¬ 


life. Mddur agent liais bone marrow, renal, or hepatic 

side eiTeeti, but amantadi ne may be neurotoxlc. caus¬ 
ing jitters. difficulty ill MHIIttllini, and seizures m 
certain patient population*. CNS sick effects, are Less 





FIG. 46.17—(A) Amartfadine; (B) rimaHUubftC. 
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frequent with rimantadine. ITie combiiutoon of greater 
in vitro efficacy, greater distribution and terminal hali- 
lile. and less toskity suggests nmanladine ha.v greater 
clinical potential. Both compounds in equally effec¬ 
tive in she prophylactic prevention ^ respiratory infec¬ 
tions caused by influenza A virus, although ihjC us 

effective as vaccinal ion. They have also been used m 
treat flu outbreaks its-uhing in shorter dural ion fever 
and more rapid resolution of symptoms (Van Vori* et al. 
I‘>HI). Experimentally injected chicks that received 
amantadine via the drinking water were one-half as 
Likely to die as untreated controls (Ohmsova-Serova el 
al. 1976). Amantadine had no inhibitory effect on FIP 
virus replbcalaon in intro at the highest concentration 
tested (Barluiigh and Scott 1990b 


HOST RESISTANCE 

Interferon. A complete discussion of the biochem¬ 
istry, physiology, ud irtUiiUitologitfl function of inler- 
(hwk)^ (Roferon-A, Iintron AJ is beyond the scope 

of this chapter. Interferons are glycopolypeptide imle- 
eules produced hv certain mammalian cells in response 
Id viral infection* as well as other stimuli. They are 
potent cytokines that possess antiviral, immunomudu- 
luLing. and anlicancer properties l Pestka el al. ]987p. 

Three dashes of hwerfeions e&isl: a Iphu, been, and 
gamma, with the last being produced solely by T Ijnsi- 
phocytes. In terfe ro ns affect RNA and DNA viral repli¬ 
cation via multiple mechanism* which act at different 
stages of the viral replicative cycle, They bind specific 
eclbsurfaec receptors, inhibiting binding, and may pre¬ 
vent penetration and uncnaiing, Interferon can inhibit 
synthesis or methylaiicui of mRNA. tram si abort, and 
viral assembly and release i Whitakcr-Dowling and 
Younger L987). Interferon* an." though* to inhibit viral 
protein synthesis indirectly by inducing an enzyme that 

indirectly activates- a ribonuclease thai degrades 
mRNA. They may also induce a protein kinase that 
phuspbnrylate% and inactivates a >, iraL initiation protein 

(Dotighu 1990}, 

Being peptides, interferons are orally inactive and 
must be given pare literally. Peak pkuMlia ctoncwil rations 
occur 4-rt hours following *uhculaneow-v or intramus¬ 
cular injection. Distribution half-life is 10 minutes and 
lhe terminal half-life is -4-5 hours; however. hiologie 
hlif life is extended (24 hours). Penetration into the 
cerebrospinal fluid, brain, and eve is purr (ConteII and 
Pyhala 1976). 

Interferon therapy has shown efficacy in many 
human clinical situation?., including viral infection* 
caused by influenza varus, rhimivirus. herpe*viru* s and 
papuHnma virus. TteUlfieflt of FeLV wiih interferon bus 
hud mixed results. Although shown to inhibit replica¬ 
tion in vitro I Jameson and Essex IW.H), this did not 
carry over to in vivo (Beck I9«S). When given at the 
same dme a* experimefital Fel.V virus challenge, inter¬ 
feron -ft ameliorated the clinical course and improved 

survival rates, although it did not affect vkremia fCum¬ 


mins el al. 1989). In conLrsisI to these result*, interferon 
had, no protective effect against FeLV challenge unless 
given in o wnMiwk in with AZT iZeidncr ct al. 1989), 
B civ be interferon-G. was able u> inhibit replication of 
the transmissible psiroenteritis xiru> in vi tro hut, due 
its Gl instability, wan unable to prevent infection in vivo 
(Mucl.uchlan ami Anderson 1986). Human leukocyte 
uMerferem-a has been used for prophylactic treatment 
of bovine herpesvirus type [-associated shipping fever 
(Baker 1990). 


OTHER COMPOUNDS, As previously mentioned, 
the research and dcvclopiiK'nl of antiviral compounds 
\* uceunring m m oupiecedenied pwe. Many com¬ 
pounds that, al the time of priming, arc only experi¬ 
mental may become available for clinical use. 

^'-J'-dideoxyinosme (ddl) and I'-T'-dtdcuxycylidinc 
(ddC) ate nidmitk analog* under development few 

the treatment of AIDS. Incorporation of the triphn*- 
phate form of these molecules is thought to result in 
terminal; km of chain elongation and intcmiptwm of 
DNA synihesi*. The ability of these compounds to 
interfere with FeLV infection in vitro and in vivo has 
been studied (Tavares el al. 1 989). The intravenous 
pharmacokinetic* of ddl were found lo be nonlinear in 
Lhe dug (Kiid et al. 1991). 

The acyclic purine nudttslde analog 9-2(pho«phL> 
noti«ihP*ye(hyl)adenine f PMF.A) lias been studied in 

Lhe treatment of both FeLV and FIV infection* in cats. 
FMEA was found to inhibit replication of FeLV in vitro 

and prevented ihe tfcvelopmenr of per*i*tem amtigitwh 
nun and the induction of ihe hununodeficiency disease 
in cats exposed to the vims (Homer et al, IWIk 
PMF.A exhibited similar effecT* against FIV infection. 

^eropn*itive cats with symptom* of opportunistic 
infection show ed improvemcnl of clinical *iy;ns during 
PMEA therapy at 5 mg/kg/day (Egberink et ah I W0) s 

Ribo/ymes have recently been added to the antivifaJ 
armamentanum, R ibozymt* ue s>mal I, xingle-siraTKled 
caialytic RNAs which are capable of destroy Lag *pe- 
citk KNA target sequence*. These antisense molecules 
have the ability to Interfere with the virus al an early 
step in n* replioaiivc cycle arid have adequate spcci- 

riciity swell ilui bust meiabulk processes, may k- spared 
(Sarrer 1991),. Aspects of ribozyntes currently under 
investigation include target accessibility; stability. 
mel.hL>d\ for delivery, and intracellular IncsUis'uMion 
(StirfiSKijet al, 1001). 

Dextran suHale u a glucose kmiopolymcr with a 
molecular weight of TOOCk-fiOOO and contain* 17-2iF.fr 
sulfur in the form of wlfete. ft has been shown to 
inhibit replication of the H3V virus and nther rdro- 
vibUMs in vitro, including the FIV (Tanabe-Tochikura 
el il. 1992) and the FeLV vixi». LX-sIran sulfate was 
unable to prevent FeLV infection ud development of 
persistent viiemia in challenged eats at a dosage that 
did not cause toxicity. Toxicity ol dextran sulfate at 24 
mgrteg/day was seen as Gl ulceration, anemia, and 
death (Mathes el al I WE), 
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Other pmeulial antiviral MftcntK include glycijpru- 
Lein-pfiK'e^sinji iifehah-iiL^r^ (FI he in 1 Wl J„ viral pruLwtx? 
inhihilors (Klclna and Grubman twlh and flWO iwu- 

rcrtransinhitir flfflrt&godrii iTsum#; et *L 1991). The 


future use of these -iind nlher uunpnuitesi remain* to l>c 
seen. Table 46.2 lists |wnenisaLly useful wilmml iigenls. 

in wieri]i;uy medicine, In moM cases, doses «ptr- 
jmenial and require furtiKT dink-iil Uriah to verify. 
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iii! in nsL lungwomis con be achieved with a single do®e 

of 25 mgflcg fedhendazolft' Albendazole i* a^n effec¬ 
tive against swine tungw^nns, Belter efficacy is 

iibl:imcJ, when I has drug is administered in die feed (111 

ppm) for 5 clays rather than by single doling. 

As ihe previous examples suggest, BZDs generally 
are more effective when given at low er dosages for sev¬ 
eral days rather than as- larger, single closes. Pur exam¬ 
ple, single doses of thiophanate al 50-100 mg/kg are 
quite effective against adult and krvtl stages of 
O t sop !ru gM f r rm am. Inch an a, ffya&l/ungplus,. and 
SinmgykMt$ in pigs and against all major Gl nema¬ 
todes of ruminants. When given in feed over several 
days, however, thiophanate maintains efficacy against 
these species and is iiddtLLunaJly effective against 
asearids in pugs 16 nig/kg/day fur 14 days) and again.SE 
inhibited larvae of Ostertagw omnagi in cattle (20 
ing/kg/day for 5 day si. 

It is difficult to assess the cninpajativc values of 
B7f>s against the larval and immalure fifth stages of 
the Gl parasites qf swine because many reports tin effi- 
eaey do not Include this information. In general, how¬ 
ever. efficacy against these stages parallel* activity 
ipinst adult forms. None of the BZDs chums- cflkacy 

against spicurid stomach worms m Aficmem - 

rhjjfhyni-fiiLt 

Dogs and Cats. The activities of mebetidiKik and 

fenhendaxok have- been evaluated extensively in dogs 
and cats. Mebendazole h approved for use in dogs 
against adult hookwoifittt* nscarick, and whipworms. 
Nematodes arc siiii^faetotily expelled by a 3-day 

course of 22 mg/kg/day. Mebendiizolc ha* similar 

activity against similar parasites of cats hut is nut 

approved in this, host specie®, 

Fcnhcndazolcalso has excel lent activity for the srmie 
parasites of dogs and cats. It is administered as granu¬ 
lar, powder* or suspension Inrmulatinns at a dosage of 
5U« mg/kg/day for 3 days for common nematodes-. It 
Clinentl) has FDA approval for dogs hut not cats. Addi¬ 
tionally, odministriiiion of fen bend azole at 50 mg/kg 
daily Iran the 411th day of pregnancy through. Ihc 14th 
day after whelping provides excellent reduction of 

hookworm (>99%) and mrid 090%) burdens of 

pups that were ifitbeied lactogen icaLLy m preitalally, 
respectively (Burioc and Roberson I9H3). Albendazole 
and axfendunki are apparently effective against 
somatic ascarid and hookwunfi larvae when si mil oily 
used in infected Filches, during 'he last third of preg¬ 
nancy cStoye 1992), DigcsEinfi qf niusculHiue from 
docs, rats, and mice somatically infected with ihe^ 
parasites suggests LhaL fcnbendazole kill* larval forms 
of CAfihfte ascaridfi and hookworms. Controlled studies 

in dogs biggest greater than 94% effiBOliwniets in 
reducing developing third- and fourth-stage larva* of 
canine oscarids ( T. amis and T. iwnina) following a 
30-day KgidKfl at 50 mg/kg/day (Fisher eL al. 1991). 
The efficacy of albendazole against ooiuoi Gl 

nematodes of (toga and cola has not been investigated 

thoroughly. Albendazole's activity for canine a sc arid ^ 


(70*), hookworm* (IS*), and whipworvns ( 8 *) as I inv¬ 
ited when given as a single dose of 15 mg/kg. A higher, 
single dose (20 or 15 mg/kg) is 100% effective for T. 
f.tinis but still limited (66-73%) against Ancytostoma 
amimm. Daily dosing (3 days at 15 mg/kg/day) is 
100% effective for both 77 amirs and A. raninwn. 

Albendazole apparently is active against some of the 
less common nematode parasites such as Flton tides, 
hirthi and Capiliana plica. In dog* w ith clinical signs 
Iheuuituna. dysurhi, pallakluria) associated with. C 
plica infection, a prolonged, high-dose regimen of 
albendazole 1 5(3 mg/kg nr ally every 12 hr for 12-14 
days.) ts required lo achieve efficacy. Anorexia may 
occur 5-10 days alter i nitial km of treatment* Funben- 
dazok i* reportedly effective against this parasite at its 
regular ihcrapeutic dosage (50 mg/kg for 3 days) and 
has no side effects. 

Albendazole (25-50 mg/kg every 12 hr for 5 days.) is 
apparently almost totally effective in Uealing F, hirthi. 
Tracheal infections of Fitaruidcs ostert in dogs have 
been treated by repeated UK of oxlenda/ole (10 
iD^k|Ahy for 2H days) or '[‘BZ (70 rng/kg/day for 2 
day*, then 1 40 uig/kg/thiy for 21 days), Albendazole or 
fenbendazute may be effective iigiiinst tills parasite 
with less demanding regimens. Fenhend azoic appears 
to he particularly suiied for treatment of Ihc cat lung- 
wurm (AetvrDilnmgykti tihrtrmus) M well a* tile 

stomach wotm {Olfahmm frtejupfc). Ttartment regi- 
mens are 211-50 mg/kg/day for 5 days or .1 days, 
respectively. 

Interested readers are referred to earlier editions of 

(hi* text for detailed discussions of the activity of BZD* 
against SJnmgykmks rtcawmlh infections in dogs 
tCourtney and Roberson 1995). 

A combination of oxtheiKta^ok and dierhylearha- 
mazine fFibribils Plus) is aebninkstered iLaiily to dogs 
for prevention of hootwoni and heartworm and far 
removal of whipwgnnl and ascands. 

Eilltixs. Me bend a/ole and fenbendazole can be used 
effectively against parasites of lire OJ and respiratory 1 
tract.* of birds. Mebendazole in a single dose of 50 
mg/kg or fcnbendozole at 8 mg/kg/day in feed for 6 
consecutive days effectively eliminates ascarid arid 
c a pi I lurid infeclims oTUnk. Turkeys require fen him 
dazole at 45 ppm in feed for 6 cLays to effect 100% 
remrival of ascarid.*, Haeftikh, and Capffiaria tyh.ti$- 
nafer. SLngjc La-aLments with fenbendazole at 350 

mg/kg are fully effective against ascandv. Pjuivnda- 

zolc is effective against benh ascands md boerakids at 
a single dose of 30 mg/kg or m si 0.05% preparatiou in 

food for 2 days„ Treatment with purbendozok is not 
recommended during Lhe laying period. 

Treatment uf lOO birds iis generally accomplished 
with lower daily dosages GW a long period to ensure 
safety and compliance. Mebendazole is used in feed at 
60 ppm for 7 days in ehiekens. turkeys, and guinea 
fowl and at 120 ppm for 14 days in pheasants, par¬ 
tridges, geese, arid ducks. I'enbendozcde iis used at 60 
ppm for 6 days in all these species, 
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apcyik ctnsc or in 9 repealed administrations of 5 times = 

the tbenpoutk; dose at approximately 1 -week intervals. I 
Similar levels of uxibendazolc are also safe ftaf catd^ 1 
sheep. and dug*. Mebendazole i* IdHlAfid in bona : 
when given as a single dose equal to 4ri times the ther¬ 
apeutic dose ora* daily. 6-timesdoses for I? days; Pftr- 

hcndazole may cause transient diarrhea in horses 
treated at doses as low as 2.5 mg/kg but is LukTaLed 
well in pigs at Id.OUO mg/kg. Mebendazole is LoleraLed 
in chickens at 2000 mg/kp. In dogs, treatment with this 
drug at therapeatk doses occasionally results in acute 
hepatic asemsta with jaundice. 

Acute and dvnlc LJX. values have m.H been UUb- 
lishcd for the BZDs in some domestic animals. A sin¬ 
gle 200 mgflkg dose of alhcndazolc is lethal for cattle, 
as parbcndazole (600 mg/kg) occasionally is for sticep„ 
The LD ni lor mebendazole in dug*, cats, and guinea 
pigs ps 640 Pig/kg; i lk II ,D in horsi?* is ni?i kinnvh,, hui 
doily tjre-atjrnent of horses with a standard dose of 5 e 
rncbendazole for 1^-74 dtyt had no ill elfecLs. Meben¬ 
dazole tn standard-size particles {10-20 pm] has an 

LD fi of 3,36 g/kg for mice, but in smaller partkka <3-5 

pufii .1 it is five time* more toxic for mice (LJB^, = 0.62 
|ik|) r Acute LD' values uf oxfenduzole are greater 
ihan 1600 mg/kg for dogs and greater than 6400 mg/kg 
fur both mice and ruts. TFbfc LD^ Vlhtt of flubenda/ole 
in mice. nils, and guinea pigs exceed* 2560 mg/kg. 

Attempts to owe fflttlitiH by poisoning small labora¬ 
tory annuals w ith feiibertdazule or fflibttdUDle have 
been unsuccessful because nit and mice tolerate the 

maximum ^uuititlcs (lOjODO mg/kg) tluit physically 

can he administered. 

CutralntlkallDnk Because nf the potential for tissue 
and milk residues, slaughter clearance tunes are 
required, and milk of treated animals may not be used 
for human cunsumplinn. A routable exception i\ fen- 
bendazule in daily cattle, which require* no milk with¬ 
drawal I following: ireulment with 5 mg/kg. A 10nlay 

withdrawal time is recommended for both cattle ami 
sheep following treatment with oxfcndiunlu., Persons 
administering anthelmintics to food-producing animals 
should consult the label LnslrucLions enneerning with¬ 
drawal requirements and contraindications. 

Another major contraindication for use of some of the 
substituted BZDs is early pregnancy PariwihLi/oic and 
cambendazole exert teratogenic effects, when given to 
pregnant ewes during Che SHtHd 1o fourth weeks of ges¬ 
tation. The period of greatest iermi.ig.umi: ixihruiint coin¬ 
cides with the time that normal emhryonk: limh devel¬ 
opment begins li.c., around the 2(Mh day of pfcgjnaney k 
Principal reported mul formation* include njMRnl and 

flexural defonnilks itf the lindu, ovedtexioo of the 

carpal jmnts, and abnormalities of poftHC 411 id gaii. Inci¬ 
dences of malformed lambs horn to ewes treated on the 
21st and 24th days of gestation were 27 und 47^, 
respectively. No ubnormalities- occur if the drug* are 
administered as early ft* the Ifttli or 14th days of preg¬ 
nancy, but treatment at this time reduces the lambing rate 
(67££■ fi.Hr drug-Crealed ewes vs, 84% for ncmlreated am- 


froU), There is no restrict ion on use of canihendazole in 
ewe* following the fourth week of pregnancy 

Although cambeodudle ■§ no longer marketed, in ilte 

USA. its use was reported to CHUG occasional congen¬ 
ital limh deformities in finals. liiLcrestcd reader* an 

referred to earlier editions of this text for further detail* 
of teratogenic effort) of EZD anthelmintics. 

Jtucre are no known teralogeniv effects of mebenda¬ 
zole. ten bend azoic, flubendazok, oxibend azole, or thn> 
phanale. and repealed, multiple iherapeuLic doses of 
Icnbendazolc have not caused adverse effects Ln preg¬ 
nant CWGS P COWL mares, Htche&, or llbtntory animals. 

All BZDs are compatible with other drug* adminis¬ 
tered simultaneously except ituu oxfejhJa/ole and fen- 
hendazok should am he administered concurrently 
with hfumsalan flukicide*. This combination ha* pn> 
duced ibortknU tn HUK caLLlc and death* in sheep.. 

Pcisagr and Adminibilration. BZDs are almost 
always- administered orally, generally as- a paste or sus¬ 
pension for drenching or as a powder nr granules for 

■dfrintanlkm m fctd or ioaxpontiH in a uk- « 

feed-block. carrier. Conljmlled-release devices (itiiraru- 
mmal bolus) have been developed lor sheep and cattle, 
and mefendaznk: can be injected directly into the piiwn 
Ihmugh the left paraJumbar Ibadf cattle. 


PROBENZIMIDAZOLES- Two probenzimidazole 

compounds, netobimin and fehantel. are cimverlcd in 
the Gl tfftd to albendazole and feubendazole. revpee- 
tively, and Lheir subvcqueiK sulfone hjiJ vulfoxidG 
mrtatKslite*. Tie parent pnobenzimldazrile eompiunds 
Itiive ihi apparent anthdmintk: activity m vt» and are 

effective only after netiMLc cnovefiin. Wovmi 

resistant ki other BZDs lire resistaibL m the pruhviL/im- 
ida/Liles as well. 


Nrlubimin. tfctubimm (Hapadlex) i* a bmad-speetrum 
probenzimidazole anthelmintic having nemalocidal 

activity in hLwses ;ukd vunlnuls as well as ceskKtdftl 
and fasucinlLeidb.1 aciivii^ in nmilMtA Netnbimin is 
found only briefly in the Clf iraei following 4idnttnistr4i- 
tion. being replaced by alhendazole and aihenda/ok 
sulfoxide, which are thought to account for its 

antlbubuiiiik activity. Nddbiuln in effective 4ig;jin^i the 
eoinmon Cil ncmaiodc* (including hypuhiLHiv larvae of 
Aitrrtagia artrrmg/), lungwomis. and Fasciola hepai- 
fciv In bones, it is effective against ttoridl as well 
large stnngylei and eyalhmonies. 


EehaoLel. Ffbuntef tRinial) is u hriiad-sp^eirnm 
pRibenzimidazole anLbtrLmmtic that ha> b'DA approval 
fur use in h^irscs^ dkigs. and cat* and has broad-*pee- 
Irum cflicaey against nemaiodcs of rvmilialtcs,. sw-iiKu 
and a variety of specie* of /oo animal*, l -.-'-.mi-. l is 
1'ound only briefly in the G \ tract following admnntn- 
lion. beine replaced by fenbendazole and its sulfoxide, 
ufendaurie. whkh mm thcaght to account fur feban- 
tel's anthelmintic activity. Fehantel (Rintal Tjibsi is 
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to Lreui dogs for whipworm (TMcftiirfr VHf/xte) and 
hookworm (Anryfotffeufla omniim) infections. It is no 
longer marketed in the USA, Interested Raders are 

referred! to earlier editions of this text (Courtney and 

Roberson 1995) for additional information about 

butarmsole. 


Lcvimbofei Leivmlsuk. INN llxva&olc, TramteoL 
Totatonjp is an antincniatodaJ time, with a broad range 
of activity in numerous host species (sheep, caule, 

swme. hones, chiickeiis. dogs), [t is approved and tM- 
bled in Lhe USA only for use in cattle, sheep, arid 

swine. Major advantages of levamisole are its efficacy 
against Tteoiitiodes of the loop and Gl tract, and 

uptional rates of adman tel ration (oral, parenteral. nr 
topical), 


CHEMISTRY AND RELATION TO di-TtTRAMlSOLE. 
Levamisote te the / isomer of ttf-tetramisolc., The laLtcr 
drug wus introduced as an anthel mimic in I W>fi and 
is a racemic mixture of two optical isomers: 
.‘Pi-HcEramisole S= /-tetramisole = levamisoteSl reflates 

■ u • 

plane pokiind light so Lhe left; ffl+jtenraiiiisolle (= d- 
leir-uniiwh") rotates light to the right, The mixture of 
isomers., known as Tt'lrxpnfa&ff, INN, nr J/-tetramiiKo]e 

(Nemkide, Nilwrnt. Ripcrcol], was marketed through¬ 
out lhe world as an anthelmintic for sheep, cattle, and 
vminus other hosts. 

Following approval of the racemic mixture, phamia- 
ceulicul scientists were able to develop a process for 

separating the c/l-lelramisole into its two isomers. Upon 
tatting the separated components,, it wu found ihal the 

uiuhelminiie activity of die mixture was attributable 
almost solely to the i isomer. Thus it was determined 
that using the I isomer alone could reduce the dlosage 
by 50%. Reducing the dosage also increased the safety 
margin since both components of tetnmtok are simi¬ 
larly toxic. The compound currently available in the 
USA and in many other counlnes is Levamisole rather 
Lhan the parent tetnunisok. Most of the followiflig dis- 
eassinn addresses ihe I isomer. 


The chemical name of levamisole is (-)-2,3j5.b- 
telrahydro-fk-plijenylimidaj.012,1-h]thiazole. The mar¬ 
keted form is cither ihe hydrochloride (bolus, drench, 
or paste) cw phosphate (injectable) salt LctmiusoIc 
hydrochloride, a white crystal line compound, is highly 
soluble in water. This solubility facilitates Lhe InrmuJa- 
tkifi of an injectable solution ami a stable drench, 


MODE OP ACTION. Levamisole hydrochloride is a 
direct cholinergic and paralyzes nematodes by sus¬ 
tained muscle contraction. l.evambtik tfL-is jo a giin- 
glinnic stimulant (choiino-mi meric), This conclusion 
is supported by the fact that leyamisole-induced con¬ 
tract ions of Aicam wun are blocked by die auto¬ 
nomic ganglion-blocking agents mecamylainiiie and 
pempicline. 

PHA K MaCOKJKETdCS. Absorption and excretion oi 

levamisole are rapid following oral administration of 


the rddioactive-labeled drug to rats at a do&e of 15 
mg/kg. Approximately 40% is excreted in urine within 
1 2 hours, Thereafter, urinary cicretnm decreases and 
only another is eliminated over the next M days. 
Elimination in feces over an M-day period account tor 
approximately 4\% of the dose, the bulk of which 
passes in 12-21 hours. A small amount is expelled in 
respired gases (j.c., tlL2% ol the dose during 41 48-hour 
period immediately following dosing). 

Tissue residues of ihe drug are not appreciable, 
.approximately 0of lhe initial dose is found in tis¬ 
sue* (principally degraduLive and excretory organs 
like the liver and kidney) at 12-24 hours after dosing. 
By 7 days after dosing, levamisole is not delectable m 
muscle, liver, kidney, fit, blood, or urine of rate or 
other animate tested. On this basis, a 2- Lo 11-day 
slaughter clearance time is mandated, depending on 


the formulation ucd, The Idem i fled metabolites of 
levumiKolc are much less toxic lhan the p£r€BJ com- 
pound, so the parent dreg is nought in analysis of t is- 
sue samples. 

The pharmacodynamic actions of levamisole (or 
teiramisole) in the host suggest that the drug exerts- 
both vnu&cariiiic and nicotinic effects. Signs of lev- 
amiBolc intoxication (salivation, defeCtotioit, 4iitd respi¬ 
ratory disLress from smooth muscle contraction) are 
like those of organuphu^phale poisoning, Indeed. evi¬ 
dence suggests that some of the lOXfcity of this drug 
may be cotvcemed with cholinesieru.se inhibition. lead¬ 
ing to manifestal ions of the muscarinic action of 

ftCCtykholidK (ACh) (i.c., constriction of pupils and 
respiratory bronchinles, acceleration of mntility of Lhe 
digestive tract, slowing of Lhe heart rate, and other 
autonomic actions'). 

It is suggested lhal levamisole additionally products, 

effect* eon*istefil with the nicotinic action of ACh (U., 

iillh^il stimulation hue subsequent blocking of gan¬ 
glionic and skeletal neuromuscular Lranvniissiini). Clin¬ 
ical signs of pronounced nicocimc action of ACh are an 

initial rise in blood pressure followed by a fall in arte¬ 
rial procure and simultaneous respiratory paralysis. 
These nicotinic munifeslaLluns are only slightly repre¬ 
sented an levamjsole toxicosis; the muscannic muniles- 
talions of the drug markedly predominate. 


Modulation of toe Host Immune System. fo 

Addition to its anthelmintic activity, levunliole ulso 
apparently enhance* immune responsiveness. This 

dtaratieristic has caused considerable excitement in 
both veterinary and human medicine. For a discussion 
of these properties, interested readers are referred to the 

7th edition of elite ie\t (Gournrey and Rofoerxon 1 995). 


Formulations and Administration. Levamisole 

is administered as a bolus, drench, feed additive, sub- 

cutaneous (SC) injectable solution, or topical pour-on. 
The dreg for drenching runiinante i s marketed in pow¬ 
der form to which water can be added. Drench solution 
is quite stable .and can he held] for as long as 12 days 
wiihnui Ilh*> of anEhcliiiimic activity. 
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Two formulations of levumi sole hydrochloride arc 
prepared fur administration in feed of ruminanT*. One 
iicorpoattt the drug in a pdkted, rcady-to-use. dehy¬ 
drated ilHh ctfrier I [he pelleli should be roiled with 
oiw-half the regular daily ration and fed at one limes. 
The bwhhL a nmttcatod pmuLs containing SO* lev- 

armsolc* in for use by feed mills, in manufacturing a 
dewurming supplement (O.S'Ci- levamtsale* fur cattle 
and sheep. Feed shield he withheld overnight, TTie fol- 

Inwing morning the medicated supplement can he 
mixed with one-half Ihc daily ration. 

Administration of levumisole in drinking waler is 
used routinely only for swine and poultry, The drug 
Itfrird for this use Ls marketed us a powder to be 
added to water and consumed ut the rate of 3.8 U4 5.4 
kg, i.n a 24-hour period. After filing, the solution is 
stable up lo 3 months if stored in a lightly capped bot¬ 
tle. For poultry; the medicated drinking water is pre¬ 
pared by calculating the total amount of tetramisole 
needed to provide a dose of 40 mg/kg. Tins quantity is 
used to prepare a 0.01*3 (approximate) solution tot 
should be consumed by the birds within 12 hours. 

Lcvuntook ha* wide appeal as ait injectable 
anthelmintic for cattle, The original, aqueous solution 
of levomisolc hydrochloride whs administered by intra¬ 
muscular (IM) or SC injection. The hydrochloride, 
however, proved ti> be irritaiiitg 10 tissues.. mi 4 TM 

injection resulted in nodente to severe reactions at she 
injection site. The monobasic phosphoric acid salt of 
kvuul«ok was (bad to be less imlating to tissues; 

thus, levumisole phosphate is now regularly used for 
SC injections. 

The pour-on formulation cmulu 10* kvambote 

as base, which is readily absorbed through the skin 
following application to the midlint of the back. 
Blood levels uf IcvatuH^e fallowing pour-on applica¬ 
tion are similar Lo those obtained after either SC or 
oral administration. Rose nf admlnis.1 radon hy this 
method makes treatment more practical than by con¬ 
ventional methods. 


A>THJ-.I MINTDT- SW-x-IKLiM 


CATTLE AND SHEEP. The efficu wsy of buttiflde in 
ruminants is essentially equal regardless of wtwtor to 
bolus. drench, pellet, injectable,, or pour-41 
formulations ore used. The pour-on formulation appears 
to be slightly less effective than other preparations of 
the drug, which want to be a rauBoii cbanctmitic of 
other anthelmintic* as well. Adult stages, of the major 
ruminant parasites of the abomasum t Htiemimirhus,, 
Qtfenagia}. small intestine (Coopcrio. THchostnmgy 
iits, B\irirtsftw\urr\)> large inUrblinc iO&Qphdg&SMmM)* 
orwl lungv {Dwiyrkcutlux) ore arilBtflwily removed by 
this broad spectrum drug- Activity againsi whipworms 


is pour or iKOtuistenf, LennJuvle m 98* effec¬ 
tive for both mature and immature Dung-worms of 

mmiunh 

Uwil and immature stages of the Gl pantiles off 
ruminants ore effectively removed by levamisole. More 


than H7T of the lumen-dwelling Laic fourth-stage and 
immature adults off Oatertagia and Haemt #rnluw are 
removed from Lrcaled catlle. Immature adulLs of 
CMfWha are completely eliminated. -Studies using cat¬ 
lle w iilt natural Outrtagia infect ions reported an aver¬ 
age 3®* reduction in inhibited fourth-stage larvae fol¬ 
lowing ireotmeni with kwainivole. 

Levamisole alvo has been successful in treating eye- 
worau i TModer) of cable 

swine. The convenient and mos.1 widely used melhrxl 
for deworming swine with tcvanunlc is to add the drug 
to the drinking water or feed. When administered 
orally, efficacies for levamisule approach 9W for 
ascands (AfiWft str^l), threadwi»rms (Strurtgjlaides 
runtwrifk and lungwurms (M&iastrmgyiM* ■spp.). The 
tKxhilar worn {OtSOphogosJMtiah dmtatvm) M also 
effectively expelled, hut efficacies in separate studies 
range from 72 10 99%; kidney worms {S&pHatttina 
dmW) are removed from the urinary tract, but larval 
stages in other parts of the body arc not aflected. Lcv- 
amisole is approved in the USA only for the above par¬ 
asites of -swine Activity of ImnAsQle for swine whip¬ 
worms is variable, Nn higher efficacy can be obtained 

with the injcciahle formulation (95%) than with oral 

medication in tod (40%). 

Larval stages i>f cenain swine parasites are readily 
eliminated by levamisolc. More than 90* of Lhe third, 
fourth, and immature adull stages of \stnmgyfus 

spp, and the fourth Mage and immature adults of 

OtiMphogostontWH s|>p, and Ascaris spp are destroyed 
hy to drug [.ess tfoiu 65% i>f the third stage off lhe lat¬ 
ter iwo parasites are elimiiujed. 

km. LTRY. Levwtaofe can hes administered to chickens 

in half Hie daily ccm-Mimption of drinking water at either 
ex 4^ mgTkg. Thi^ diisc clears more than 95* of adult 

forme of Ascaridfti |attt Mrjvtji faUfwnm. and 

Capilfuriu ok sigrui hi and apparently eli mmoles a high 
percentage of lhe immature adults and larval stages of 
these parassCrv as well. At dii* dosage, llie drug is palat¬ 
able oik! without Loak" ilgftt in birds, Oral adtniui^lriilioii 
of Noninb via drinking woilt is al^» an effective 
ineais id eliininatiug the fowl eyewonn I Ojtyspbwtt 

matatmUr A]ipkicaiion uf several drops of a I i>.v soluiiun 
clirgetly iu to eye is nonimtaiin^ Lo the bird, ycL com¬ 
pletely and rapfldly effective in killing Lhe parasites. 

Tutraiiiisnke is eff>ueliVL r agaiilst the gapL'Wsirill (.Swi* 

jKuiffjo- tmhttiX Practically all worms will be expelled 
from to mouths of Lurkcy^ aN^ut 16 htwrs alter they 
have access to medicated water. The water should pro¬ 
vide 3JS mg letraiiiMWkg/day and treaunctrl should 
he continued for 3 days. 

DOGS. Although lenmisole is not approved for u-*^ in 
dogs, oral treatment with 10 mg tetnunisiile/kgj'day for 

2 days removed ilhirc ifouL 93% of ascarids 1 

Toxtucaris) and hiH?kwL>rms (AncylojfoWr (JtKi- 
HOrfff), l^vamiMitc is noLeffective BgiuHtconine whip¬ 
worms ifmhum vutpist 
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C.H^O 


PyraniL'l tartrate. R * H 

Mocantel UiflrulL!, H = C 'I I, 


s 



CM, 

Pyrantel 



pumtxile 



FIO- 47.2 


fur cotmmciftl uw ms the UirLrate (Biuimmth, Shungid, 
Strungid Cj ur pamualu will iWra-sare, LISP, 

StrongM Pule, rainiiilh, Nchm:x- 2, Anthi;lhun|, The 
structural formulas of She tartrate and pamoate salts of 
pyrantel Land die methyl-substituted analog morantd 
arc given in Rgi 47.2. 

Pyrantel salts .arc relatively stable in Hue wild phase; 

aqueous volutions, however, are subject to ptaotoUo- 

nnerizjtofflni up™ exposure to light, with result tun t loss 
of pcrtcntiy. It is recommended that drench suspensions 
he used immediately after preparation. 

PhARMAODKIN hfllt'S. Fallowing oral udminiMraLion- 
pyrantcl titnraic its well abnbed in the pig, dog, and 
rat. There is less ahwipiion of the drug hy ruminants 
Concentrations of radioactivity from labeled drug arc 
maximal in pl-us-mutf the dog and pig -nl 2-3 how after 
dosing but arc highly variable in ruminants. The dug 
fedlievu the highest pliiima levels (4..1 |lg/mL|. The 

ilrug !§ quickly wli holittd 3it the body, little lunrivhng 
intact by ihe lime ii is mooted 

Urinary excretion of pyranicE accounts for about 
40T of the dose in Ihc dog and -I4<$ in (he pig, mrvsf of 
which is excreted as metabolites. The dog is the only 
species excreting more of the drug or ils meCubtHules in 
urine than in feces. Jn ruminants, urinary excretion 

BDOfflmft for about 25% irf ihe original doe, much uf 

ihe remainder passing unchanged in feces, In ratx b uri¬ 
nary excretion of the drug is minor; Nile is the major 
mule of excretion of metabolites of the absorbed drug. 

The pamoate salt of pyrantel is poorly soluble in 
water, which offers the advantage of reduced ahsorp- 
tion from she gut. This allows (he drug to reach the 
lower end uf the intestine and! to exert activity against 
paras-itt* in lhal locals such it* piDiWTM. Formula.- 
tion-s of pyrantel pamoate are beneficial for use against 
pinworm in feci inns of humans and hurra. 

Pharmacologic effects of pyrantel tartrate on the host 

are xiniitai lo effects of Immuole, diethylearhanwine 

L LLrace, and morajitel tartrate. All of these anlhetminEiL's 
share biologic properties with ACh and act essentially 
by mimicking Uhc effects of excessive amounts 0# Ihis 
natural neureitninsmittei. in physiologic amounts. ACh 
H fm us ii. neimurajisniiiier by stimulating all auto¬ 


nomic ganglia, the adrenal medullas, ihc chcmnrecep- 
Eurs of the curoLid and aortic bodies* and the ncuromus- 
L'ulur junction, With QUfll ucilminis til ACh, IhiWCVef,. 

these sites arc paralyzed. Pyrantel, moranlcl. lev- 
amisole. and diethyJcarbamo/ine mimic this paralytic 
Ktku. Ji is similar (o che panfytte effect caused by 
nicotine; thus rise action uf ilhrsc anthelmintics h 
referred to as okodie-like. In anesthetized dugs, ilm; of 
these anthelmintics result a in a precipitous pressor 

response find enhancement of one and depth of res-pira- 

tiori. These effects arc antagonized hy hexamcthoniuin, 
and the pressor responses arc nullified by the adrener¬ 
gic blocking agent phcntolamine. 

Mow of Action. Pyramid tumuite i* a depolarizing 

neuromuscular blocking agent in nemaiode parasites 

and I in® visrlebmlc husl. The drug, prohably ift'.kIultcx 

paralyvi* of Wurms by causing cuntracLure of Ihe mus- 
culuLure similar to Ihc action of ACh. Pyrantel and 

muftmcGl ate HX) tiroes niinv potent thait ACh. although 

ihnwr in initialing contncboiir The effeui of ACh j* 
easily reversible - chat of pyrantel or mom lei is not. 

FoRMUl jmuNS ANI> Aijm ixrSTRATUMN, Both the tar¬ 
trate and pamoate salts of pyrantel are used for treating 
horaes. Pyrantel Uutnite is generally administered as u 
top-dressed pellet The tmomft of pellet furmulatiun 
necessary to yield a ngle due of 12.5 mg/kg i-s m i xcd 

in an amount of feed nonmallv consumed aL lvk feed- 

m 

ing. ENrantei turtrale as Strong id C is fbnulttd for 

ouniinwKifc. daily wbniaiBlndooi over pn)H|Kl i*eri“ 

ods of parasite exposure. The medicated alfalfa/ 
molasses pel tel s me led once a day with the grain ration 

tu effeci a daily dotty of 2.64 mgftg body weigh! 

Pyraniel pamoate can be adminixlercd in suspension 
lv paste formulations, as well as by mixing with feed. 
Regardless of ihe method of administration, a dose of 
ft.h mg pyrantel hasc/kp should be used. 'ITic com¬ 
pound contains 34,6% base activity. 

A pLwdeml premix fonnulldfl) containing I 0 j 6 % 
pyrantel tartraLe is availiiblt for treating panrwlic inlet:- 

tknt of swill* via nwhmrd feed, a dosage of 22 

mg/kg It used for a single iherapeuiie treatment. It io 
recommended (hat a sultidenl quantity <(lje Ja 0LfL8 g/40 
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twen determined. IkMttW, that the therapeutic duse off 
25 mp/kg i.\ nun ikuim 99* dbcttve agaiub? -dsiy-dd, 
si* effective iiuiut M-day-nld. 4 iikJ 94% effective 

rant 2 L-day-old stapes of T. i 'ntubrifiimi.v in sheep, 
It in- less effective agaansl these same stages in cattle. 
The drug is 100* effective lor .V. ftottHi, whether the 
parasite* art 7, 1| lit 11 days of 4igi p . 

For (bMApa infection? pyrantel is highly tffiv- 
tivc against mature worms and any immature stages 
that dwell in the humen. Nevertheless pyrantel has law 
activity 142*% \ against 7-day-oLd In isloLnophic stages of 
OMtortagia spp. Ln sheep and is even less effective 
ilguinst the UK ■.Luge in cattle. 

In addition to its therapeutic uses pyrantel can ho 
used prophylaetieiilly in sheep at 41 dosage nf 3 
mg/k;g/djiy. Approximately 97^- fewer G] worms 
occurred in medicated sheep than in untreated controls 

examined after a 50-day period. 

IHXiS AND CATS. PynMd pamoate is effective (95%) 
against the common hootavoni (AncyfoHtinitr Mn- 
rn^jfi. (/neburia ruMcrpAalit) And aKtrkb (liuHwa 
anfr, Huxucaris {hhIih) of dog* m single doses of 5 
mg btnfleg. Efficacy « incuulJtent in pups, so a 

higher dose (1.5 mg/kg? is recommended 30 minutes 
lifter a light neaL Pups can h* treated while suckling 
(c.g., 2, 4, 6, and H weeks of age) fin control parasites 
acquired pncnaially or Laciogcnkallv. 

Pyrantel pamoate has limited efficacy against 
canine whipworms and no activity against lapcworms 
or heartwurms. By combining pyrantel pamoate with 
praziquantel 4ind tetanic] (Drontnl Plus?, tapeworms 

4 I> well 4P> whipvwimis *X\n he elirmruilcEL fmm dugs, m 

addition to bookworm and ttnridfc. Dmml Plus* is 
approved for use in dogs us youiig as 3 weeks of iige, 

Treatmcm am be repented at 2-week intervals during 
exposure to infective stages nf parasites Irom the hitch 
nr environment. 

tn eats, pyrantel pamoate at 20 mg/kg Is effective 

against the enntmem hookworm (dJtcjtatfcMu mtar- 

fiwitr) and asejuid (T. flatf) and is clinically safe in 4- 
lo 6-week-old kittens at 100 mg/kg for 3 consecutive 
days Pyrantel pamoate tin mg/kg) is combined wiih 
praziquantel (5 mg/kg) in lattice form tDnontal) to eon- 
trcul hookworm, ascand, and tapeworm infecLions in 
eats. 


Sak-ty and Toxicity, In general, the sails of pyran¬ 
tel are free of toxic effects in all l u s t s st don up to 
apptujuiibiiely 7 times the therapeutic dc«c. The oral 


LD^ of pyrantel UltrUe is 175 mg/kg in mice and 170 
mg/kg in rats. 3 m dogs, ihe acute oral ILD^, few pyrantel 
pamoate is greater Khan 6W mg/kg (13b limes the Lfoer- 
upcutlc dosek In chrome toxicity studies, dogs showed 
III effects when admin ivlercd pyrantel tartrate al 50 ntf 
mure mg/kg/day for 3 months hut no adverse effects 
when the dosage was reduced id 20 ing/lcg/day for the 
same period. 

Pyranlcl is safe for horses and ponies of alt ages, 
including sucklings, weanlings, pregnant marcF.. and 


stallions. At 211 Limes the recommended dose in how. 
parties, and fouls.. pyrantel puooale shows no Adverse 
ctkoteftl effects csr changes m hhKxi cell values or serum 
chemistry parameters.. 

Pyrantel tartrate is slightly less tofentod in horses 
than the pamoate sa]fi. The tartrate sj]i (1(30 mg/kg I 

produced death m of three bona Ibxk sign^ pre¬ 
ceding death included i marked increase in respiration 
rase, profuse sweating, and incoordUMioi. No signs of 
tnxtonsi* occurred following administration of 75 
mg/kg. Ataxia i.\ seen in some entile Lreated with a high 
dose of pyrantel tartrate (2)00 mg/kg). Ibc toxic dose of 
the drug m pigs is not known. 

COHTRAlTOICAnOWS. Pyrantel is not Ttv^inlinended. 
for use in severely debilitated unimak. presumably 
Imcuk it> pharmuculogic tetku Hchcdineryicl nuiy be 
more pronounced in Lhese hosts. 

Withdrawal periods ensi for swine and ruminants 
designated fur slaughter. Because of lack of metubo- 
lism data in hones, the drug should noL be used in 
hwMSs intended for huinair coiisuinpLi-un. 

Despite it.^ cholinergic propoties, then h no clinical 
evidence that HfHdUimui use Luf orgttKfbospluta 
increases toxicity. Thus Labeling far pyrantel products 
indicate* safety far rinuifineottf use with InKtfkkks, 
trmqwkmx muKle iriiMitt, and centnl nervous 

system (CN.S j dcprcs%sink. 

DqSAQBi Dosages for Pyrantel tartrate are as |b|km; 

Horses: single therapeutic do«, 12.5 mg/kf: conti n- 
□■nus dewing. 2.64 mg^ltg/day 

Svs,sny ! : 22 iiujjuinuici k *\ 2 ti/iiibi muJ 

Sheep, cattle, goats; 25 mg/kg 

Dosages far Py raiktel pUDHIlfi are as faH(W£ 

Hcpfses: 6.6 mg hase/kg 

Dogs: suspension and chcwahle form, 5 mg hasc/kg; 
tablets, 5 nig/kg for dc^gs over 2.2 kg but 10-15 mg/kg. 
for dogs less than 2.2 kg (with a Light meal! 

Itfarantd. Aforcmtei. INN (Banminlb Ilk is the methyl 
ester analog of pyrantel: it is pnmairly formulated 4 is Lhe 
tartrate salt for veterinary juithelminrie use. The stojcinral 
formula of mcsrantel tartrate is presented in Fig. 47.2. 

Itie sjICs of DHUttl have greater anthelmintic 
uclivily than the parent compound, pyrantel: hut their 
pharmacologic properties are rimttir. Efficacy of the 
tartrate salt is quite gcxid against adult anti immature 
stages off HotWfHchiu, OstertQgia, Tru-hiurnmsyht.i, 
Cooptrid, and NemaMtirHS organisms nf ruminants. In 
the USA. mo ran tel tartrate i-s marketed as a type A 
medicated premia: (Mnrujitel Fremix-flS) containing SM 
g moranlcl/lh. Stifficienl premia is \iMe*i 41 rottoi co 
provide from 0, 44 |o 4.4 g per pound of complete feed, 
which is fed tn deliver 0.44 g/HH) lb body weight. 
SLaughler withdrawal periods arc 14 and 3tl days for 
callle and gcuils, respectively. 

A suslaitKAlrele-ij^ bvltL*of imranlcl tannile (PanutDcl 
Flex Diffuser) for both daily and beef caltfc is widely 
used in Europe and has been approved in the USA. The 
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drag <i. ) LB g iihimnnel hasc) is packaged in a cylindrical 
dilarainate cartridge, which is administered orally by a 
special delivery tfcvitc and is retained in the nmen/retic- 
iilnim- The permeable wall allows continuous release of 
moranlcl UirUuAc 4 upjm>xiimiLv1;y 150 mg/duy) ifHIO (he 
mmen/reLiculuiii lluid for at leaM 90 days. AdininisLmLiuii 

df lint! cartridge is recommended m llie beginning of the 
grazing season so that as overwintered Iww arc 
acquired bon pasture. sbey will be prevented (torn estab- 

liedrkif ; paieni infections in crock. ExiBtim adult worm 
tradera in erode are aim elinunroed. The uliimale cff«l 

is marked reduction in pasture eontamirution for a pro¬ 
longed period, L-.g., W) days cil drug release iirud bCAfifiLs 
chut cm end for uruythcr 90 days. Nummwjs Held studies 
in Europe, (he UK, Canada, and (be USA haw deifiun- 
strated signilicanlly greater weigh! gain.^ and kiss para¬ 
site-induced production loss in crock during chei t first and 
second grazing seaKOna itiud in maltreated conlic-ls. 

Inhibited (hu'fUt.t'M larvae are nro killed by ihis nethod 

of i3fui iikill bm lowered pasture contamination helps 
prevent development of type II dsUztdgdtk 

Phsinnacolpgkally, mo ran Lei tartrate is a safer drug 

ihan pyrantel tartrate. The ml LD W of pyrantel for mice 
is twdy 170 itig/kg while dun of tnownel is 5 g/kg. 

Chronic toxicity studies. Lndieaie thaL dt^cs up 1o 4 Limes 
(Ik therapeutic dose for sheep for td days and 2.5 Limes 
ihkit for cattle for 20 days produce no mode signs, Fal¬ 
lowing Li single thiTupeulic dose (10 rttgAg) via med¬ 
icated feed tRinmuel), (he drag is barely detectable 
«0JD5 rng/WLl in plasma or mil k of hictaiing ealile and 
gouts, Thui which b ataabed bom abomasum and 
piwidital small imesUne is quickly metabolized, pre¬ 
sumably in Lhe liver, and excreted in ihc urine within 9b 
hours- the remainder of (he dose is excreted in feces. 

Negligible or absent levels of morantel tartrate in j 
plasma and milk fellow ing single or sustained admin- 
ktnikm allow use of iMt drug in luclaling dairy am- 

mils widhiui y null withdrawal restriction. 

ORGACVOPHOSPHATG COMPOUNDS. In gen 
erak ofgarwphospbate compounds had (heir origins as 
pesticides and only subsequently found use as 
anthelmintics. Six such compounds have been used as 
anthelmintics in domestic animals: dichlorvos, trichlor- 
fon. huloxun, cuumaphos, nuphlhalophos, and era lb- 
mate. The first two were used primarily in horses, and 
the taller four in ruminants. 

Mock nl Action. The main effect of oipnophosphale 
compounds on nemalode parasites is inhibition of aeeiyfo 

cbolinesierase (AChE)., leading to interference with neu.- 
rximuseulur cransinissiun and subsequent paralysis. 

Nrniiod^ utilise ACh m a neuitfmsmitier, and (he 

enzyme yec t y ki ho lines teriLvc (ACNE) serves (o ierminaic 
transmission by destroying ACTh. In very dilute amounts, 
n tegan < xp ho s pliate drugs are able lo bind (he AChE of 

nematode*. In the atosetsce of fUKIkmal AChE, the neu- 
rominsmis^inn initiated by ACh persists, and coonhnaled 
feeding activities cease. These assumptions are marie 


because a direct correlation is known fo exist between 
inhibiiipn of AChE of certain parasites by organophos¬ 
phate drugs and toxicity uf lhe same drug for (he piirusite 
Kipvkfi and Qaida (1966) tested a huge number of 
OfSMiophnsphales in Anwit. Drugs that were poiranuus 
to [he parasite aNi inhibited parasite AChE. Gjrrverwriy, 
dnigs that did not inhibit AChE were nol toxic. 

AcelyLholinesterascs of host and parasite and of dif¬ 
ferent species of parasites vary m [heir affinity for. and 
WKgptihi I ity to. organophosphate drugs. Fur example, 
AOF. of fi&empnchxa rontartus forms an irreversible 
complex whh the org?inoplheisphaie haloxon^ which 
results in coxidsy to the worafii and evented expulsion 
from (railed enisle. Ci inversely, AChF. of ascarids is not 
m susceptible to haloson as that of 
Ascarid AChE is twsund hy haloxon, hut it is j 
reversible complex, and the ascarid enzymatic iclrifity 
reeo^'crs to nc^r pretreatment levels within M houni 
afler treatmenl with haloxon. Nevertheless. Lhis is suf¬ 
ficient time far worms to be expelled efffellvdy hy 
pflisiul^. Evtn shoner periods of incapacitation rcsuii 
when the drug ii» Used against \ r rMttit*Iirus and 
Ott c jjmWs unnutn iWlumhiaMim. and ihe efficacy of 
haloxon for these parasices is generally poor. 

'Ik relative safety of various urgano|^nisphules is. 
pmhably eoirdaled to luck of binding suscqplibiiltiy of 
host AChE for [he drag. The complex fanned between 
sheep roythrocyle AChE and haloxon, for example, is 
quickly reversihk\ which may account far (he lack of tox- 
icity of [herapciiiie doses in sheep. Conversely, haloxon 
is very 4 ioxie to geese; indeed, the hrjm AChE of pese is 
found fa he irreversihly eomplcxed hy the drug. These 
findings illusirate thal the AChL en/ymes differ 3imufig 
vattkae hosts iind cerLamly between hosts and tlk'ir 
nemalode parasites. An ullempL has been mack 1 to expfeil 
Lhis infunmlkin in lhe devvkiptnenl of orguiHiphuxpIliiUr 

auilielmintics in order io preduee compounds with maxi¬ 
mum anihelmincie efficacy but minimal host toxicity. 

(icnerri Efficacy. Organophosphale oOrtlpounds gen¬ 
erally remove the principal parasites of horses, pigs, 

and slogs hue are somewhat deficient m their activity 
against parasites of ruminants. In callle and sheep. Lhe 
organophosphatei generally have vauslaclory efficacy 
for nemniDdc parasites of the ahoma.sum (especially 
/forjTTfw/utr) zind small intestine bul luck sutisfectory 
efficacy lor parasites of the large intesline 

(OeMpkagOMfamam^ ChabtrtiaK Where the feller 

inlrclions .aru po'evnilenE, il is recfimiricEicItf^l llkiil l'iiIIJl? 

ckt sheep l>e Healed with a ronoriro^hosphroe* broad’ 
spectrum anthelniincic uffer two consecutive treatments 

wlLh organuphusphatc comp«)unds (e.g„, haloxon or 
nuphthalophosk It is also atlvjsublc So alLernaSe 

ofganoplicisp'hate urihelmlnlics with dewurmer* of 
othw classes to prevent developmenl of organophL*- 

phate revistance by target parasites. 

Safely and TcxkUy Ceitairt precautions should be 
followed when using organophiwphace unihelmimics. 

Animals should nol be t re a Led ximultanenuvly (or 
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argues chat if dw linaii^ri StwKn had been designed 

appropriately, resistance between ivermectin and 
mL?xUJ^cii ii would have been urpparcnl. 


^fTTIHCtilU 


IVFRMKCTIS. The iwnw riint a group ■ »f chcml- 
ally related nuicnocyclic lidoqn produced by fer¬ 
mentation of Ihe aetinomyetHc SfapfiPfffWH 
itlii. Avtnuectlfl IS a complex of cighL such 
fermentation products. each having nematoeidal activ¬ 
ity hriJi lacking si^uLfieiLiii WtM wten il or antifungal 
properties., tamwctifi jCardftincc. Double Impact. 
Lquirneclrin- Eqnlu, Hearlgand-30, [vomCr Mecti- 
zan. Oramec. Rotectin l T Topline,, ifllrameclrin, 
ZlnKCtedfl) It a semt synthetic derivative of iivcrmectin 
tirol has w bfo&.j spectrum of activity againsi a wide 
variety of arihrL^idv and nenmodft of dmeibc ani- 

mak and humans. 


CHEMISTRY. Awnwctift is a mixture of four major 
components (iranMCfui A u , B Nf and R^j and four 
minor components recovered in smaller quantities. 
( iHia a c tB A.,, A w . R . wd BJ r Of ilbese^ the B. 

IP ■' -H _► I fa 

ciHHpmwill is. recovered m greatest quantity along with 
iis R [h minor bomolog IrermeUin, derived bom this 
mixture i>f R 8 arvenDKtbki by safu-ttiM of the double 
bond between C-22 and C-H coutsu of nut less than 
JUlft !21,2^-dihydln:fcavernticc!in R ? and not more than 

20% 22^.1-dihydniavcrmeeiiji B |h (V ig. 47,3k fver- 

mcctin las its major conipmat, 22,23-dihydraiLvcr- 
mectin H la ) in an off-white powder dial is highly 
lipophilic and hydrophobic. It dlBwtvH in most 
organic solvents hut is poorly soluble in water. It is sta¬ 
ble at room cemperajlure in nonacidic TfoLution* but is 

degraded by uknvMel light. 


PH ARM atok INETICS. Ftammtifletic studies wilh 
ivetmeciin wan ^immuri^cd hy Fink and l\?iras i 


The pharmacokinetics of ivermectin is effected hy the 
specific furmululkm used. I he resale of administration, 
and the animal species 10 which ic js administered, The 
biological half-life (r ||T l of ivermectin in plasma follow¬ 
ing [V administration of 3l)fl psp/ig to callle h 2,8 days. 
JV administration to sheep gives a similar biological 
half-life 1.2.7 days) buL a lower plasmaconcentration due 
co a greater volume rfdfatributiH in sheep than in tank 
0,9 vs 4.6- lAg). [venMC liD iis e-liilLiiiaEcd mwe rapidly 
in dogs (Ij., = 1.6-I.Rday*). 

SC iprlminisinHion of Ibc commercial formulation of 


ivermectin to cattLs al a dosage of 200 pg/Lg n-xults in 
a longer biological hall-life (l^ * H days) than [V 
odnllrirtstal! dlK Kb dow absorption from the injec¬ 
tion rife A peak plasma ccHcatratiou (C) #f 44 
ng/ml. ornoi at 2 days (F i after SC Iqjectfflk. Clini- 
ally significant anthelmintic efficacy persists for 
approxmuilely 2 weeks after St" injection, depending 
Upon parasite species-. Oral dosing m sheep results in a 
f,,, of 3-5 days and S\ within I day. Oral dosing of dugs 
11430 jJg/kg as a Lublclfi resulted in a C of 441 ng/ml. 
wilhin 2-4 hours, In a comparative bncnilibility 

study, onl donng of doji with ivermectin (6 |jg/kg? ** 

4i cfaewiUe lablel. either alone or in combination with 
pyrantel pamoate, resulted in ah essentially iLkn-iiuuL C 
of about 2.4 ng/mL. Area under Che plasma coiKcntra- 
lion verstu time curve (AUQ was about 71 ng-hr/g, 
ullbough ihe F HU significantly longer for die iver- 

mectiD pyrantel puniotiic noMiHtkm than for i^er- 
iiKvtirl akne (7.6 m Si hr) (Clark et aL 1992). Stud¬ 
ies in swine thnw that plasma oODKBlnAou peaked 
Cuter after oral (oral F = O.S days) than 4Lfter SC (SC 
F = 2 diyt) administration. However, SC injection 
result* in greater bkavutabUky than oral adminisira- 
tioa: Ihe AUC for oral administralion was only 41 % sif 
that for SC administration. Similarly, a pronounced dif¬ 
ference in bioavailahility was seen in lunet beiween 
tnl HdinmistftituKil yf a paste 4uhJ 4ui 4iqueous micelle 
formalatton. The mice lie uuaiwd a more rapid peak 



HG. 47 J—Struecuie of 22 1 23-dihydtPi^mMi , lir i t _ the oujof ccwifunoil of hwnodi. Iwnsetu alxi ctmuins roi m » 
Uiuii 22^3-dUtydkvwnQCtki B r *hkh h Ldeaiical cxccpc duL the sabslitueat in ihe 25 petition is i» propyl in si cad of 

wr huLylt Abaflicvhn L^msiHLs ill L'umpuiurnCs HleatKL'sil lu iImm: of aYLmnLulm Csccpl LTil: Nnid hctwCLn C-22 nj'id C-21 Ln 
each ahadtirs'lin LTHifcjpurecnl iwtc ^ufuraini. 
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i^ni^iilfilkifl (miceIk F = 4-5 hr; parte T = 15 hr) 
llihJ greater biouvailahility ilmii the paste (AUC 20% 
greater for the micelle). 

Following ;i«.Liniriisii;ii ivermectin residues are 

lowest in bruin and highest in liver, bile, aud lal (Chiu, 

mid Lu 1989). Depletion half-lives were 4,8 and 7.6 

days- fm Liver and fai, respective!y, in eaiile. Tissue 
rcdhlrihulion patterns arc similar for sheep, swine, and 
rills, but depletion hall-lives for Liver and fai are shorter 
in sheep and nils than in collie Dr swine. Tissue redis¬ 
tribution is not iiltekd by mute ol udministratiorHSC,. 
irtUimniifenaL or oral) in cartlfr- The parent drug is ik 
major liver residue for 3,5, 7, and 14 days after dosing 
in rats, shecp> twine. ;utd cm lie, respectively, This pal- 

cem is idea tied fur fat except that the parent drug is I he 

major metabolite for only 3 days in sheep. In conk, 
sheep, and rats, the major liver meiJiholito iire 24- 
hydroxy-methyl-22 I 2.Vdihydrimrrmcc , tin-H and its 
monosaccharide and B h equivalents. The major 
metabolites in swine, 3"-H-dcMiKthyl derivatives -of 
22^3-dihydn^Lvernittliii^B Ej and -B lt , are ideiiUcal ill 
liver and fm. Focal mcretuHi is tlw main mute of elinn- 
inaisoji, accounting for more than 98% of excreted iver- 
ineetm, with the remainder appearing m the urine. In 
belaling ie males, up Id5% of the dose may be excited 
in milk. 

mope 03* action. See the preview* general discussion 

on mode of action of maerneyehe ketones. 

FORMULATIONS. Various regulatory agencies have 
approved ivermectin for use in humans, horses, cattle, 
sheep, pigs, dogs, oats, reindeer, bison, and camels. 
Additionally, extensive extra-label use is made - if iver¬ 
mectin in various minor domestic species as well as in 
captive and free-ranging wildlife. 

Ivomec Injection (Double Impact; Ullramectrin) is a 
sterile solution eoniaintng 1% ivemtin (wA) in an 
organic vehicle coutaiitinH 60% propylene glycol and 
40% glycerol formal fiaradministmiiori by SC injection 
Up cattle, sheep, and swine. A 0.27% (writ) injectable 
furmulatiofi is used in young pigs. Ivomec lor Oramec) 
oral sjili.atin.iii for sheep comam-s 0.08%. i verm eel in (vwVl 
in an aqueous micelle used m a drench. An intrarumi- 
nal bolus (Ivomec SR Bolus for Cattle) contains 1.72 g 

ivermectin in a wax vehicle Ihai Ls extruded by an 
osmotic pump mechanism at a rate of 12 mg/day of 

ivermectin for 135 days.. Eqvtfaui I Fhoenectinj liquid 
contains I % ivermectin (w^j in m aqueous micelle for 
adniinistraEion to horse* sillier us an oral drench v*t by 

lULsogastric tube. Fqvabn put (Zimcvlcrin; Equinwc- 

trin: Rotectin 1) contains 1.87% ivermectin (mAh) in u 
vehicle of 79% propylene glycol plus inert binders for 
oral U$e in horses. Ivomec Pour-On fur Cattle (Topline; 
iritramectrin) contains 0.5% ivermectin (wA) in an 
80% isopropyl alcohol vehicle for topical administra¬ 
tion. Ivermectin Type A Medicated Feed Article con¬ 
tains 0-6% ivermectin (wfw) and is mixed to a Final 
maximum ivermectin eonceniraiion of t.S g/ton in a 
lype C medicated feed for swine. Heartgard-30 tablets 


and Hcartgaid-Jfl Chcwahlcs iciiewable cubes P for 

dogs contain either 68. 136. or 272 jag of ivermectin. 
Heangard for Cal* chcwahLo contain either 5? or 165 
pg of ivermectin. Heailjjanl-30 Plus Chewable* (chew- 
able cubes) for dogs contain either 68, 136. or 272 pg 
of ivermectin and 57, 114, or 227 mg of pyrantel 

pamoate, respectively. 

AWTHELMINITC SPECTRUM. Extremely smalt quanti¬ 
ties (less than 1 mg/kg> of ivermectin are sufficient for 
anthelmintic activity fey either the oral or tlw parenteral 
route of administralitwi. Confirmation teste w iih iw 
riiectiii hast: indicated a wide range of efficacy again** 
nematodes and many arthropods (Campbell and Ben/ 
1984). The following parasites are eliminated by iver- 
mcciin: all major TIE and lung nematodes and certain 
•ectoparasites of cattle, sheep, horses, and swine; intes¬ 
tinal nematodes*, ear mites, and sareoptic mange of 
dogs; infective-stage heart worm and microfilariae of 
dogs; anti certain til nematodes and ectoparasites of 

dhickm. 

Ctinlt* and Shtep. Ivermectin is administered at 
dosages of U.2 mg/kg to sheep (orally) and cattle 
(orally Or subcutaneously) or 0.5 mg/kg to cuttle ftopi¬ 
cal ly). These regimen provide effiodes of 97-100% 
against adult and fdunh-Stlge larvae of respective 
specie* of Osterngia (including inhib¬ 

ited F.T.j m cattle). Cmiprm. TrichasinwRytm (includ¬ 
ing F ox^Di Sifmi^\}rddes r Buumtmtmm, Ntmalodirus , 
TMgfiurfr, Oesr>phagets tomum r Dtefyneaulm, and 
Cfonbcrtifi Jim Arthropod pwtisiles controlled by chi* 
dosage of ivermectin include cxslrid larvae (Why,w- 
demu hwis* H. Itmatum, Otstrux m'foh mites. (S»r- 
h*Mx u P.wmfuet mdi). and. mucking lice [timw 

iTiSfiltu.v viiuli, Hematopiflus ea ryuemm, and f.. 
pedal is}. It is slightly less effective in controlling chew¬ 
ing lice (jDoiviaybuiur spp.) and the sheep ked {Metapft&- 
gits minus). Similar high efficacies lor nemutddfcs and 
arthn.tpods have been found when cattle are treated 
with an intraiumlnil suswined-releaAe hnliiK designed 
to release 12 mg ivermectin daily For 135 days. 

Ivermectin has substantial activity against ticks and 
dung-brccding llies. It does not result in prompt death 
or detachment of licks but does interrupt feeding, molt¬ 
ing, and egg production, thereby reducing the ticks' 
reproductive poiemiaS. This is especially true of tick* 

when they are e x peri mental ly applied to animals within 
a 5-day period before a single li.2 mgikg SC treatment 
or during daily low-level (0.0] mg/kg) treatinent. 
Some degree ol control of dung-breeding Hies is also 

provided by a ^iiigle SC treatment at 0.2 mg/kg. I w L > 

days after LrealmenL of eattfo, feces, of treated UUnula 
failed lo suppcirl I.Lrval development of face flies, 
Musca auftumalis. For a furllher 5 days, the propaga¬ 
tion of tile 1 fly is greatly reduced Ifereugh abnormal 
pupal ion and dlnuninhed maturation of adu lts Devel¬ 
opment of the horn fly i HurmaSirfjtu rmlan.%) i\ s\ mil- 
larly diminished for 4 weeks after treatment at thi* 
dosage. 
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ihic been ncoKkd* however, when Collies were given 

Ihe hcartwnrm preventive dosage {04W6-0JO 1 12 mg/kg) 
or even 1(0 times (he preventive dose monthly for L 
year. For dogs. the efficacy and safety of fonutixtions 
designed (or oLher species should nut be assumed. 

Ivermectin is safe for use in bleeding and pregnanL 
animals (Campbell and Ben i I“984), In general- 
twofold iih.Ttii.si in dosage -sunJ mukipk dus-mg have 
not adversely affected apefmaiogenesis, eonecpiion, 
longevity of gestation, or fecal devdopnreiit, 

Transictn pruritus and cutOBOH edema may occur in 
horses following IM nr oral treatment. These- signs can 
he attributed to deaih of microfilariae of Onchocerca 
cvnAulb and usually resolve within 3— l days. 

DOSACin AND ADMINISTRATION. Singk-lfcatmenc 
dosages are given below: 

Cactle: Pour-on, Ql 5 mgflr|* SC l* oral, 0 l 2 ng/kg 
Sheep: Oral, 0.2 mg/kg 
Horses: (JmJ, ll | _2 mg/kg 

Siriofi; SC 03 mg/kg. 

Ctogs: Oral, 0.006-0,012 mgftp 
Cats: Oral. 0.024-0.(348 mp'kg 

Abamectln. AlttHHCtni (Avoukc) is a naturally 
KCtnifll fermentation prodwl u-f avtijr* 

nftfUf. Abameciid i> v^ed in cattle Do control adult aibd 

larval Gl nematodes, lungwonns. sucking lice, ami 
licks, and in horvus to control Large and small 
Mrongyles, uaddt, pinW0nm B and ocher nematode 

internal parashes. Abamectin is also sold as u pesticide 

under other brand names (Affirm, Agri-Mel;, Avid, Ver- 
limtx'L Abamectin has a broad range of activity agamsl 
insect and mite pests of horticultural and agronomic 
crops as well as I he impocled life ant. 

CHEMISTRY. Ahamrctin consists of a mixture of iuu 
less Shan 60% avcrmoctin B ( and not more than 2Wk 
uvermeclin H nh . Il difiers from ivermectin ijFtg. 473) m 
that Ihc double bond between C-22 and C-23 is not sat- 
uniled m abameclin., Abamectin (ay its major compo¬ 
nent, avermeeiin B ;t ) is an off-white powLler ihiii is 
highly lipophilic, Il dissolves in mosL organic solvents 
but in poorly soluble in water. It is stable al room tem¬ 
perature in DDUflckttc solutions hut is degraded by ulira- 
violct light. 

MODE OF ATTION. See the prev ious general ducusuon 
on mode of action of macrocyelie lactones. 

FORMULATIONS. AwtDK ipjcdabk is a NCeriJe noIu- 
tion of J.G^r n/\< ahamceiin. li \\ ^Uni mistered SC to 
callle, immediately in front of or behind the shoulder, 
al a dosage uf 2(X) pg ahameclin/kg body weigh! (1 

nL/SOkg). 

AMIHELMMnC &B7T1EUM. Abamectin is. an endccto- 
eide with activity against both rrnunde and arthropod 

parasites of cuttle (reviewed by Benz and Co* I9B&). 

At the recommended dosage of 200 jjg/kg SC rn eattlc. 


nhnnwliu is gMJtef limn WfS effuclivL 1 agaiusL adults 

and developing fourth-stage larvae of OiUrtQ&ia 
r}Mt f ridf*i t Harmom futi pfacef, twpnw spp.. and C&v 
tyocavIu3 Wv^unu Abamectin Is similarly effective 
against hypobiottc larvae of O. GJtsrlagi ami again*! 
adult ‘fnfhotfrwngyln5 oxer. Abamectin prevents rein¬ 
fection with AtfrrUju spp, s //. ptm? r, tYvi periu spp. g 
and 0 . r o d i antm for tut least ? dayi after treatment and 
with [>, mipana for ai least 14 days after tneacirien!. 

Cattle Lrealed with ahum tin remain free of sucking 

lice t/.rnrrxwJAiii viMi} for at ItiiM W day>* afit?r 

ndminisiration. Abamectin reduce* ihe vumiber of 
engorged female Rtwf>hUu\ micwplus licks from caitlc 
for at least 21 days fol lowing treatment, and egg pro¬ 
duction ii rediiixd in iuiy surviving femnk tick*-. 

Abameuiin i\ also effective againsl lark'nc of vrime 
dunp-breedinp Diptera. Fcoct collected from catLLe for 

up to 21 day& iLfccr SC litJectfon with 200 pg/kg «f 

ahamecun wliuIJ iuic hUport devdopdnenL mf die huffalo 

fly (Hat'tritiKthin irtiteim edfw), 

SAFETY AND TGKICTTY. CNo4 signs of tojlfepty 
include tremors and/cw coma In monk species, mydria¬ 
sis in degs. and emesis in monkeys. Ahuincctin is 
slightly miwe Losic than ivermecLln. wiLh an oral l-D*. 

in mice of 14—24 mg/hg 25—40 rngVlig for h*tf- 
DHCtin) and a ntfftfnun-effect level in dogs of 03 

mgilsg/day l\ L -. 1 J} mg/kg/duy for ivermeclinj. Cleft 
palates arc seen al or near malemotoxic doses in devel¬ 
opmental toxicology vludies with both drugs. The no- 
effect level fen 1 abamectin fed to dogs in I -year oral tox¬ 
icity studies was 023 mg/kgALay. Two-year 

careinogenicity studies at the maiunum tolerated 
dosage in rats and mice demonstrated a lack of ear- 
cavKigenicity. as did the lack of genutoxic uctiviiy m 
itiieti>bial and ttkitnntulmii gethtiu toxicity assays. 

Caede tolerate s muiniHn dou of 1.0 mg/kg 
abanacciin by SC injection. Lelhargy afaxia aft 
early signs qf Lux icily. At higher dose* (2 to >H 
mgrtcgl, ealik shenv signs of ataxia that progress to 
paresis, recumbency, decreased lip and longue tone, 
drooling K niydriult, coma, and death- Reproductive 
safety studies in cowj and hulk wills T4TCI p^/kg 
abamectin showed no negative effects. Adverse reac¬ 
tions. some of which were related tL> overdosing, have 
been reported in calves aged H week to 4 months; thus 
lire label warns against treating calves under 4 months 
of age. lo Australia, idiosyncratic toxic rewitiou were 

rqxHtod in omherd of Murray Grey cattle, which may 
he analogous to tdiosyneratic toxicily with IwiHttil 
in Collies. 

The averinecLins are largely Ofldnl in the feces, 

and ihew excreted pmdtbci-t liavy xhi.iwn to sup¬ 

press larvae of some dung-breeding Diptcra. Thus, 
Iherr has been concern about their potential for damage 
to pasture popuhiticsns off beneficial dung-dk:MnL»ying 
insects. Fecal residues reselling fnim a single SC injec¬ 
tion of 200 pg/kg of ahamcciin apparently have little 
effect on adull dung beetles iOnifotpliufiuj. fdZtfJfo). 
Howevec, dung beetle larvae failed tu develop in feces 
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collected for up in 21, days after treatment- ulihough 
development was unaffected in fetes collected 2K days 
after treatment (reviewed by koncalli 1989)- Similar 
experiment* with a second species i>f dung beetle {(). 
Mudb) again showed no effect un adults ulthLHigh the 
deveLopaiieiU and survival of immature beetles were 
affected in feces collected up to 4 weeks following 
tnstOOL Advert effect! sm dung beetle popularities 
could result if atoamecliD went used iiiLcusiwly and 
simultaneously over a wide geographical ari'a. How¬ 
ever, the use of abamecLin at infrequent intervals ill 
individual lieniv ibodd not signiiicantly affect dung 
beetle populating, became only pan of me generation 
of beetles will be affected and couMenble recruitment 
of beetles will take place from neighboring pastures 
gnued by untreated herds. 

lit the dvlrouwot ahumectin lh quickly degraded 
(half-life of 4-2 L hr h by oxidative and photo-oxida¬ 
tive mechanisms when exposed to light in water, on 
soil panicles, or as a thin film on biological surfaces 
such as leaves. Ahameerin is essentially m immobile 
pesticide that strongly hinds to soil particles. When 
projected from light within the nil, its major compo¬ 
nent, avcmicclin B , is degraded by aerobic micro 
bial metabolism and has a half-life of 20-47 days. 

depending on mu I type. Abuwcdn dees nut bLocuu- 
ceatnto Ln individual ofguilitiit jii.nr does ii bioiAvvu- 
mulale in the Local food chain, whether terrestrial or 

4U|U*Llk. 

Dokamlutin. Dorartwtin (Dfidotuit) is a novel 
avcrrmx'tin prepared by mutational: biosynthesis. It has 
ji bfiisnl range of activity against Gl nematodes. lung- 
wmut, cyewonuk mckbtg lice, grubs, ticks- mitts. 
$ m \ screw worms in cattle ■ Dnrgmeetiflefficacy 
against the agents of myiasis- is unique among the 
mucrocydic Uictnnc*. In swine, dcvamcctin has excel¬ 
lent efficacy against avearids- nodular worms, lung- 
wontis. sucking lice, urtd UfHflic mange mites. Much 


of tlie following information IS summarised from a 
review of dovuneob edited hy VeKnyw(l993). 

CHfc MI STAY- She Structure of dorumectin is yiven 
lift Fig, 47A It differs from ivermectin and 
ahumectin in having a eyclohexyl substituent in ilu- 
C-25 position. 

PBARMaCOK tNBTICS- W hen ad mini slercd intra- 
venouvly as an aqueous micelle,, plasma euficcntra- 
tiolls of donuoectiD were approximately 2-fold higher 
than those of a similar funnuluLiLHi of dUiydrurm- 
■nectin B Ib , the principal component of ivermectin. 
Also, the plasma half-life with this formulation of 
donnmin was approximately twice that of ihe dihy- 
druawmectfa B v A vehicle formulation consisting 
of DfrIQ (Wv) sesame t>il/cihyJ oleine was suhse- 
quently found La improve efficacy by reducing ihc 
rate of absotption of dcvamcctin following SC admin¬ 
istration. This resulled in prolonged plasma concen¬ 
trations and- a higher AL-C for doramectin dunng the 
firsl 12 days after iqjcctkHL SC injeeiton of 
doramectin in rhe rhith oil-ythyl nk-alc vehicle 

vaults in clinically significant pluni levels of 

doramectin for at least 12 diyi following ejection, 
Efficacy against reinfection persists for at Least 12 
days, far Cooperia oncophom, 2] days for Oiteraifiiu 
osttrtcgi, and frpr up to 55 days fur highly souitive 

parasilcx such os Dcmatebia himtinm 
The identical doramcclin injectable formulation is 
also labeled for [M use in swine. 

MODE OP ACTUM- See Ihc previous general discussion 
on mode of action of maH-iocyclk lactones. 

J’OftMt.' L.ATifjSS. rKx:l.m«i.;iV is x Stcrilfe I 1 ? kl»| irtSlc^n 

of doramectin in a sesame oil—ethyl ole ale 190:1(1 
e/r) vehicle. It is administered to- cattle at a dosage of 
200 flg/lcg by SC injection and lo swine al a dosage 
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of 300 pg/kg by IM injection. Dcctomax Pour-on is :i 
epical 5% solution ill a mndaq,ueous haw? and is 
administered at a tin sc of (. 1.5 mg/kg. 

ANTMEiLMLNTIC" SPIDCTRUM. [n controlled studies in 
Europe, North America, and South America, 
tkiramectin was shown to he greater than effective 
against maLure and immature stages of OsterUiyki 

ottenogi (Including hypoMokic lwae) H o, lW tmk 

Hormftwhtfx pt&Ctii 
crmsunu.lv H. srimilis, Ttic/m$rmjybtt uiri (including 
hyptihintic larvuej, T. zahtbrifbrmu r. Coopt™ 
mvpAvw (including hypubiotic larvae), C. fumetuta. 

C jwfnwAi; C- rputaJeriti, C lljwuwm 

/rifcfrwiviNM. Stnngyl 0 fdlrr jupif/omr, and 

ffl ft tik HH (iKhdlQ hypobtoiic lar¬ 
vae l Efficacy was n c o iM t ait against THctorfmij} 1 - 

Ins Umgispiciiltiris; greater than in erne study., but 
greater than 9*Wf in a second. Danmectn was less 
effective against THtfurta spp„ (92,3-M.M) and 
Nmeuodints speMgtr i %.5%) Arfw- 

rioui was Lhe dn*e-limiting species* with efficacy 
against adult and fourth-s-liige lurvae reported as 73J% 
and 7? 3%, respectively, in one sLudy but 97,9% m a 
MJuund trial. Dorameetill trcjitineflt reduced trXporiiiieii- 
tally adminivlered m4 ifcalurally acquired burdens, of 
eycWDfint ( Thcltsr.tit ykrjabim and 7! guldtt) in dlw 
by 100%. 

I _ikc iwnwrtfai ;ii m mnidectii, donmedn pnisti 
in activity for severs] weeks, following injection. Worm 
burdens in c-u.lt le experimentally challenged with larvae 
of Cooptrk t MMphofu each day For 14 or 2 1 days fol- 
lowiflg durantttttin tmttVKOt were reduced by 99.2% 
and 90,71, respectively. Reduction* fur Oftetugid 
ostrrtagi were 99.9 and93.7% after daily challenge fur 
21 and 2S days, respectively, following treatment. Sim¬ 
ilarly, reductions for DicfyocmUns vivipmts were 
100% and 99.91 utter 2 1 and 2H days. respectively. In 
natural-grazing experiments- doramectin delayed the 
appvflniwe of worm eggs m feces of worm-free catt le 
turned out lo graft! pastures contaminated with Ivw 


(including: hypofaurtk larvae), H* 


of O. osiertngi and C. omcopham by 19-22 days com¬ 
pared Lo untreated control Cllvn. 

Dorameclin is alsu efficaciuuN against a variety of 
arthropod parasrtes of cuttle. Eflfcflcy was 100% 

against naturally acquired Pmroptet t twb, Saroopftt 

j cebitir Hmatopimu aitksmwj; linogjurfiiu rf'nufi, 
Satcnopolei capittotiu ¥ Hypp&tm u frucis i first, scc- 
cmd. and third instant and Jj£/7THjfr.*hKJ htmmis. I‘ur- 
ibtfmtt cult were pr ute c t sd from new infection 
with [}. htmmix far at feast 35 days following 
dorameclin treatment. As with the olher mniHCtiu, 
the efficacy of dofamcclan was reduced (tt21> against 
chewing Lice [DumaHtua fovb) Unlike the other iver¬ 
mectins, donamecLin is highly effective against the New 
World screw worm, CofAUomym fufmintYomx. 
DonmecdD w I0M dbeth/e in preventing e*pen- 
meotaJ infection*ofolvn with this pnske form lease 

14 days, fnllnw ing treacmem. 

In swine, doramcctin has greater than 991 efficacy 

against Aicaris ■'•nuni. nodular mnn* 

dmtofini). Iiogwonu (MetaMtnmgwIus spp.), 

kidney worms (jteptolWW dtHfatUl), as Well U 

nifculu and roiifw 

Efficacies were 100% againsl sucking lice {Htrmutopi- 
mn SiiiS) aikl rtfciulge mites (AlriCdpItfJ nxibici var. sit is I. 

ElWNOMBCTW. lipnnornectin (Iwtttt Eprinex) 1ft □ 
modified fermcnlabon product of ^ricmycifi aiw- 
mrfr/r.v. It is used i-n beef and dairy CUk tocontrol most 
CIS ncmuiodes and Lungwimmsi and alu is highly yffe; 
live agams-t hilin^ and sucking lice, cbnriopiie mange 
mites, rattle grubs, and horn Hies. 


CHEMISTRY. Eprinumuctin i^. u modi tied avmnecLin 
with ufi epl-ntylAinim subsLiLutiun ai 11^4"" portion 


(Fig, 47.Sf, As mufcettdl eprinomeotin is a nctnk 
mixture of conpouadt ihiii HnqpriH lot leu than 


<sf the major component {^^(^oetylllVtiDQ-^- 
dcos.y-avermectin 3 j+ ) *R = C,H^ and not more than 
10% of the minor component ^-^p^aL^ylaminn-^*'- 


deoxy-avefmecUu B J (R =CH V ). 
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PI I ARM. VC OK IN rTSri ANt> MI-TaROIESM. F.prini> 
mcctin is absorbed soon after topical advninistraiion, 
and achieves peak plasma cofH'cnLratkniH of 22.5 

ng/ni]- within 2-5 day^ after tmtiuL Plasma 
ventfiMiints dedloe lo I ngAoL within 21 dnys after 

adminisiralion. Tht? mujuricy nf a [iipical Jlkw is 

absorbed wiUdn 7-10 duys. 

EjprioHHCtin is Hri odibolizAl otmlvdy, and 
parent compound makes up 90 r 4 of residues in Lissues 
and more than B5% in fm. The major residue is epri- 
DHHcdn R ia(S which s ibo d» major component rf Uk 

parent compound. 

Kprinomccl in has an extremely low naHlr -plasma 
coefficient, indicating greater pan it Inning of con- 
pound away from milk and into plasma. No meat or 
milk withdrawal periods arc required after treatment 

wMh o prin omcc iii 

MODEL OFATTrON, See the previous ^cncial duCHStan 
on mode of action nf macrocyclic lactones. 

POUIULATIONS. Eprinomectin has been marketed 
only as a 59b pour-un formulation livumec Eprinex) for 
um; on beef and dairy afllfc ll is iduiflittend along Che 
(upline, from wither* to Tail head, as doves of I mL/10 
kg b«dy wdgbt Tliu tbnulalkm is Donaqymu and 
very Mbto in various dumtic OMMlkwM, including 
extremely heavy rainfall iminctli-Hiely after application. 

ANTar.ARASmi SPtitTRVM. Eiprincimectin has greater 
than 9991 efficacy against the oamuo nematode gen¬ 
era m the bovfctt Gl (rati {including Ptematodina frri- 
rFiittims, unstHl early founh-MJge krw of Oxima- 
(id tMhrtqgi and DkI>«^k/u 5 vrnjHvriu) and greater 
than 97® efficacy against aduli whipworm* (Tltekrb 
sppj. Ft e*hihirs penuteut Activity against reinfection 
wilh lungwcurms tinr 21 days- after ircaUncnL. F.pri- 
nomeclin has very high efficacy against chewing lice 
(Bmicoki bovis'h three genera of Bucking Ike 
{fffmaAspAwfp Sritnopotti, LAugnAw), lhe ninngc 
miles ChortppttS and Swaptef, and hoth species of 
cattle grubs in North America (tfypoderma fruvr.t. H. 
finraflun). Eprinomectin also controls hum flies 

(HHflunMc irritant) and has reuduad activity against 
these pests for 7 days after adbittaustrelkn. 

SAlim* AND TfiKtriTV. The safety of cprinomccLm 
w*ls evaluated by Creating ft cakes with a single admin- 
iHtrulHm of 10 limes the recommended therapeutic 
dosage li.e.. 51KN) Jlg/kg). The only adverse effect 
Hteri was mydnasis in 1 of Lhe ft calves Ann 4 to 7 
days after the overduse- 

Iboricky of g|wmoiiH.\:liri idwi esaluaied by trial¬ 
ing calves wish itp to 5 times i he recommended dosage 
(i.c^ 2500 jig/kg I un threeoccasions at 7-day intervals. 
No adverse effects were noted. 

ShlJLMEtTIN. Selameetin (ResoLutkmJ is derived by 
chemical mtwJificalion of a precursor »urrmectin ituii k 
produced by fermentation of a new sLnin of Slrrpitt- 



FICi. -17 ft—ScUraectan. 


tttyCH twrmrtiliji. SdlflUCtb is Uflfll ill dugs and CtJft 
to prevent hcartworm, to kill Teas, and to ireai and con¬ 
trol a variety of ectoparasite infections I Bruce cl aU 
1999). It is also effective against nsundwurm and hook¬ 
worm brifectfon Lit eats, 

UHELMISTRY. ftelamecLin is a modified. avcrmeclin 
(Kig. 47.6 [ w ith the chemical name (5Z,25$)-25-cycfai- 
hexyl-4 r - f^-dc( 2 .h-dideo xy-3-0-methy 1-tr^^rrj-hcs;- 
opy ranosy 11-5 - dome Lhui y-25-de( I - me Lh y I propyl )- 
2 2_2?-dihydro-5-hydroxy imi nonmmctni A lg . 

PH AftMACOKENETICS AND METABOLISM. SclllUCtdl 
is absorbed fairly rapidly after administration aiwJ 
achieves peak plasma concentrations approximaidy R 
hours or 3 days aflcr treatment by the oral or topical 
routes, respectively. The half-life of a single lopical 
I real men I df 24 TTig/lcjL was IpplWulMItl) 11 dljl in 
dogs. Sclamectln persists at clinically eficclivc levels 
m dogs and cats for at least Lt[) days after a single topi¬ 
cal treatment. 

Following topical idmlniGlnlJoQ B sdifneclk is 
ahsL?rhed intii tfw Umdftoan and a portion Lhf the 
cnmptHjnd is excreted into the iniestinal tmcL S-ubsian- 
tiul am writs of circulating sclamecCin are deposited in 
die; whcW HI glfliwls, which then iLcl US re^ersxiirs io 

provide pcrsisccnc activity agains.1 various cclopara^iiic 
infections. 

MODE m- ACTION. See the general discussion on nude 
uf Ktioo of ucfocycUc lueioneS' 

POttMULATlOK^ Selameetin is marketed as a 6^ nr 
12 % topical iormulalion (Kcvoluticm) packaged for 
dogs and eats of various weight ranges, h is admini.^- 
(cred in *j single spot at Lhe base of the neck, cranial lo 
Ihe shoulder blades. The lormulaLion ls Tiunaqueous, 
and persislenl efficacy is nt compruinised by baching 
i.k r wcuing of iJkt uuvul'a haucuL 

ANTlftARASmc SPECTRUM. Selameetin (6 mg/kg) had 
l chk. 4 efflcscy i^tlnfl infective mfn of heart worm 

wjuwj'rjj) fnr up to ftO days after exposure. 
A reduced dosage (3 mg ,r kg ) was protective for up to 45 
ddYs. At label dosages (6 Lo 12 mg/kg) in Cals, a single 
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uLpplitiiiion of h3hdk8Ii) was W4.7^ to^.?^ effective j 

against AttcyloskMM (uhitcformr and ION effective i 
against Taxocara tun. Although sdimectii] dempon- 
^crjsied good efficacy against JfruKWtf cunts infections 
in dogs, it is not currently Labeled for that use. 

SAFETY AND TOKJCtTY. The safety of selamcctin was 
evened by treating kittens with up to 367.4 mg/kg 
and puppies with up fi> |]4 mg/kg -in Ufi-day iniervals 
for a total of seven treatment*. No adverse reactions 
were observed. Similarly, selamectin was shown Id be 
safe in breeding cats and dogs, as well as in pregnant 
and Inflating bitches and qticens., When *id.niiniscervd to 
dogs with £>. immitis microfilaremia, se-lanicctin 
caused no adverse mictions and resulted in a rapid and 
persistent reducticm in mieroffcl'LLria hkotIs. SelamccLin 
u»c was al.sn sale in ivermectin-sensitive Collie*. 

Miibcmycins 

Melbcmycjn Oximil Milhcmycin oxime {Irtcrceptnc, 
Sentinel f in a fermentation product of SbrptDmpcts 
hygiOKapicus QM/wimrimosus and has activity agiunst 
certain arthropods and nematodes. A second malbemycin. 
milbeirtyem 0; w«s tiHrfceUfd- in lapuit for prophylaxis of 

canine hfrurw-orm {Dinfllaiia bmitfji but it was subs-e* 

s|uently replaced by milhemyein oxime ht5c.au*e the Saner 
compound has a greater margin of safety in ivcrmcctin- 
seiLsir wc Collies; and in microfilaremia: dogs. 

chfmjstky. As foflnuhted tii fnierceptuT. niUtxfliycin 

oxime consists of a mixture of not lew than Wtl^C- A u 
milbemycm oxime and nut mure than 2091 A 1 mi I be- 
myelin oxime (Fig 47,7), The drug has I™ totuMIily in 
water. 

PHARMACOKINETICS AND METABOLISM. Follow my 

oral administration, approximately 90-95% of the diwe 
passes through the gut unchanged. Ihe remaining 
WOft is absorbed and subsequently excreted in the 

bile. Hearty the entire due is dintirailed in feces. 

MHTtY. OI : ACTION* See the previous general discussion 
on mode of action of macrocyclic Laciones. 

POftMLfLAHONS. Milbemyciu oxime is sold as a chcw- 
;ibk L tablet {I nterc-epLor P^ilalab) for dogs. lUdeb come 

in four sizes, oootwtiaf 23, 5.73. 11.3, or 23.0 mg of 

milbemyciu oxime. MUhcinyein Luimc is it» mar¬ 
keted as Interceptor Flam Tubs for Cats in tablet uzh 
containing S.75. IL5, ur 23.0 mg of active compound. 
Milbcvnycin oxime is administered unify once a 
mouth. The recommended dosages are 0,5-0.99 nip/kg 
for dogs and 2.0 mg/kg for cals. 

Recently, milhemydn oxime lias- been combined 
with InfeDum in * chewcbk tablet foanukdoo (Sen- 

tineij that provides simultaneous prevention and con* 
trol of Flea infestations in addition to pro tec cion againsi 
heuerf worms and other internal nematodes-. -Sentinel 
tabldls- are avail able in four sizes, containing the foL- 



A;, Oxime; R*CH S 
A4 Qulrna: R ■ C a; H a 

Fit a. 4-7.7 Millwniyirin <rt;i nru. 


lowing amounts of milhcmycin oximtflufuiLLirtin fall 

quantity m mg): 23 / 46 , 5 . 75 * 115 , |]JV 2 .% and 

23.0/460. 

ANTI II-1.M I NTIC S«eTMi'H. Milbcmyrin oxime is 
considered an ctfulcciocidc, having aitiviiv -iigjuiLsi h«Lh 
inlemal parasites (neniatCHlei) and exlernoil p^rasiws 

eanii). Ii is effective against nenuiL^de para- 

viies in a relatively low dosage (0 3 tng/lg or lea), 

Developing larvae of ihe dog licanwuwi ;i.ru niKeptt- 
bLe to milbemyein oxime, k is marketed in Au^lraLia, 
Canada, Italy, Japan, New Zealand, and the USA for 
prevention of canine dirofiLmiasis and clwlUt >1 of ehc 
iiiLesliilal mulodH TiuzHWQ AHk Trh hnris vulpis r 
and Ancv^Jrh^ncj spp. Despite ill efficacy against 
liixik wunns. cif the genus i 4 ncWo jh wB, m-ilhemycin 
oxime does noi reliably c-nntrol hisikworms of the 
genus [/Acftank When aiiminLsiered io ea is at 2-0 
mg/kg at ;*[bday inten'ats, milhcmycin prevents- feline 
hearlworm and removes T <cmi and . 4 . 
infections. 

Tlie efficacy of the milbemycin/lirfenurun -comhiim- 
tioo (Sentinel) against uematodes and lTea.s-. respec¬ 
tively, i s equivalent to dial of the com|x>tieni s itsed sep¬ 
arately. tSizcitincl ik uUiiLiifeihlerLx] to pup* oLU^r thjini 4 
weeks 4ind heavier than 2 lb body weight at n dosage of 

0.5-0.9*} mg/kg ndlbmydn and lCh-20 mg/kg 

lufcnuron. 

In dogs, a single oral dose of 0..^ mg/kg milhcmycin 
oxime jL 30 or 4? days after infection with ihird-slage 
larvae of Diftjfti&riQ immitU csmiplctcly prevents 
devdopoml of infection, A ringk treatmenl at bU ur 
fi Xl days after infection i-s not completely effceinve, hue 
two or more monthly treatments beginning $i W> d^ys 
after Infection consistently prevent infection with D. 
immiiix i Grieve ct al. 196QJ, Cats treated monLhly with 
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certain anhmpnd parasites of ruminants, and develop¬ 
ing larvae of the dog heart worm are susceptible. 

Rnmmimis. in cattle, monideclin las the injection or 
pour-on 1 is highly efficidous (>99%) against Qsterla- 
gin nsierlagi adulLs and hyfxjbioiiic larvae. 0. lyruta 
udults, Huemouchiti pittcri adults, Trkiw%tmngyim 
uxri Ljduliv, T. rtthihriftjrrm.v udull>, TrtrSmns dhcofut 
aduli.s, (k'stfphafiflstiwium rudiamtn adults. Bmmto- 
mum pktebofQmum adults and fourth-sLagc larvu^. anti 

DfriytKxtuim nvi/mms aduhfl. Mo&ideetin i* slightly 

fat* «ffVeacifHlA against NrTmtJtMiirw hri i Hrumr.\ ulIuMs 

(>95%) and CrmptriQ spp., with efficacies-of 92-1(M)% 
againsi adults and larvae- of CtMfMwia ancophom, C. 
punctata, C. peciinaia, and C mcmoMteri and againsL 
C, spaluiafu adiulls, Reinfection w iill nematodes of the 
genera Htmmmchm. TrichoxirtNigytm , and 

Oesopkagaslomum is prevented lor up to 28 days fol¬ 
lowing a single Injection or topical application of mofc- 
idectim bul such activity persists for no more than 7 
day* for N-ftnaiwlirus and Qxiperiu, A single SC in 

tkm of HKnidedin will completely eliminate mines of 
the genera Satrapies and Psoruptes and will markedly 
suppress,, hut mit enlirely ehminate. Chorioptes mites. 
A single b»fueal LippHcalion will ivliiniitale mites of the 

germs Pswrypurs, but data are not available for the other 

genera. Baophilus mkmphts tick populations are 
reduced by more than 95% following a single SC infec¬ 
tion of mox idectnn, and tick populations are suppressed 
for up Co 32 days. Although boLh formulations control 

auditng Uee (99 100% effiesefous against Hacmntvpi- 
fttw euryswmus. Limtgnaihus %4hdi, ai*d St*!i'mr[M*ie$ 
t dpiiitirm) and cattle grubs {HypinitrmfA irnwitumy, the 
pour-cm formulation provides much better control of 
the chewing {Bam&tinia fravrrj than the 

infectahle (Chick el al. 1993). 

In sheep., orally administered moxideelin is highly 
ef&cacicHjs (>99%) against adult and larval nematodes 
of the genera Haemtmahns, Oswwugki, TrteHoftftWtfty* 
Sits, CortprFM, Ofsopkaftmitynurn , ON^vmra, and Bit- 
QknsiiIhi, as well as adult i^jnuldirus. Additionally, 
good control is tiblaiiicd lor the vbeep itch mite. Ftor- 
fTgates mis, 

In New Zealand, moaideetitt pour-ciu is approved for 
use in ranch-raided deer, in which Lr is more rhyn 99% 
effective against nematodes of the genera Haememchm, 
QMrtQgia* TriiftosfrtmgySm. ttesophagosumiitn. and 
£>ic/yat^EufBr.T F 

Marses. Moxidectin is re purled effective against the 
commun internal parasites of the horse at a dose of4O0 
Mg/kg, although its activity against hots may be erratic. 
At a dose of 300 pg/kg, an experimental gel formula 
(ion of moxicLcctiri wa> more than 99% effective 
against adult and larval Hahftmrma mii&c&t, adult and 
larval ftsrajnMrrj equwurii,. adult and larval f/ayjirrj; 
rqui. adult Slmigyius vulgaris and S. edenSatus. and 
adult Tri(rtfuTiit*plittr\i\ spp Moxideccitt removed more 
than 97% of adult and fomen-dwelling fouillu*tuge lar¬ 
val CyaLhuMomes and was mure than 79% effective 


again*4 late Lhird-slage and developing foiiilh-stsigc 
cyathostume larvae. In Nurth Aiiicriam trials, ntox* 
idechn did not exhibit consistent efficacy against early 
Lhird-stage cyathostomc larvae. tltWacy againM Ccrr- 
lerophilus nasatis is 100%% Nut efficacy against C. 
intrstimibs is vaiiabfo (57-100%) and apparently less 
than that of ivermectin (Xiao- et al. 1993) r 

Dfigi. Similar to milhemycin oxime, mosidieclin as 
highly effective again si. Awryfastama c&nttww hue Jess 
effective agaansE ttorimrm swmrri*hala. A single oral 
dose of 25 |ig/kg will remove AmylffStmmi, hut a dose 
of at least 15(1 |Jg/kg is necessary for sinnihir clTicucy 
against Undnuria. Whipworms are not controlled by 
doses up to 300 pg/feg (Supak^nidej el al. 1993), Lik«y 
iveitneiiin, moxideain is m effective heartworm pre- 
phybetie at a remaftiMy low dose. Moxidectin is, 
100% effective against bodi I - and 2-monlh^ld larvae 
of DimfHaria immitii at a dose of 3,0 Mi^lsfer 1 McTier tN 

d . IVSi'k 

SAFETY aNP TOX KMTY. No adverse reactions occurred 
in sheep drenched at 2 or 5 dines Lhe reciHumended 
dose (0.4 nr 1.0 mg/kg). Likewise, no adverse reactions 
occurred with repealed treatments at twice the normal 

dose. No deaths oecumd when rndk-us and Am 

tuntil), caltle were injected SC with up to IfJ limes the 
reccmimended dose (2.0 mg/kg). However, extra care 
must be taken to use the correct dose in calves under 
100 kg b«.-idy weight because they may be susceptible So 
overdosing. No adverse reactions, either local or sys- 

muiK, occurred w hen cattle were treated, with up to 10 
times, the recommended sksre fS.O mg/kg) or when red 
deer fawns were ireaied with up lo 5 times the recom¬ 
mended dose (2.5 mg/kg) ol a pour-on lonnulnlmn of 
rtioxtdeeiiii. TIk- pour-cm formulation likewise caused 

rio damage LO hides of call le at the rec-mruiieiided dose 

(0.5 mg/kg). Known iirnneetm-Mnsiti^ Collies and 
microfiliremic, iwmitf>Hnfecled dogs tol¬ 

erate al least 15 pg/kg moxidedin (5 limes, the recom- 
mended do^e for heart worm prophylaxis-j (Paul et al. 
1992; Hendrix et aL 1992). 

Moxldnlin is safe in breeding animals. At 3 rimes 

the reoonuiKnded dose (0.6 mg/kg), no adverse effects 
on reproductive performance of bulls and pregiiaui 
cows, were observed. Up to 3 times the recommended 
dose (O.b mg/kg) had no effect on reproductive per- 
fonnance of cows and heifers when injected during 

each trimester of pregAWy <Ryf ei at, 1994). 

Residues exereted in feces of animal*, treated with 
nioxtdcclin are Less toxic lo dung heclk larvae chan 
those of aninuils Heated with ivermectin and thus do 
not impasM survival of dung beetles or their develop¬ 
ment to maturity. 


HETEROCYCLIC COMPOUNDS 

PhenothhiKine. FhrmMluagine, INN, was perhaps the 
first anthelmintic to demonstrste a fairly wick range of 
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link activity against immature pin worms. RistneatmenE 
within i-A weeks is recommended. 

Piperidine compounds effectively remove cyathos- 
tomes, Piperazine also provides approximately 60% 
activity against Stwngylm vulgaris and Trwdcmtopha- 
rar, but there is no activity against the other Strtmgylm 

species « against stomach worms iHahnmrma}* 

Historically, pipera/ine was added! to phenothLi/inc 
and ihi ahendarok lo supplement their deficient activity 
against equine ascarids. Jn recent years, however, 
piperazine is muse oflcn combined with BZD drugs, to 

iftereuse activity iigiiijisi, BZD'resistant oyaihwEonKv 

than might survive tratmtnt if a BZD were used alone, 

S-WIN1-.. Piperazine compounds ham been used exten¬ 
sively in swine because of their excellent efficacy 
against ascarids and nodular worms. Approximatelv 
m% of the lumen-dwelling singes of both a stands 
ajtd itodillftf drifts Can be eliminated by a single treat¬ 
ment with piperasiite, Rdreatmem 1-2 month* later 

may he necessary to remove worms that were migrat¬ 
ing through tissues during the initial treatment. Piper¬ 
azine rWttUkbu juris can be administered to swine via 
drinking water or feed, either of which should lx* con¬ 
sumed in an $- to 12-hour period. 

RUMINANTS. Piperazine compounds arc seldom used 
in eullle and sheep because iheir activity in these hosts 
is Limited to nodular worms lOffaaphagoitarttwn sppj. 

CHICKENS- A&taridhi gw Hi is highly susceptible to 
piperazine. and citrate and Adipate &alis have been used 
most commonly to cluiIjdI this parasiie in chickens. 
The cecal worm ificterakh gallinawum) apparently is 
not susceptible to piperazine. 

Piperazine compound's arc usually administered to 
chickens in the feed {citrate or adipate salts) m dunk¬ 
ing water (teubjfNtnic) over a 2-day period. 

I3O81A0E. Dosages are prevented! here hy i he Amount of 
piperazine base. Product; information should he con¬ 
sulted for specific infonnaCn.ui utaout variuuK salts of 
piperazine. 

Dogs and cats,: 45-65 mgflg 
Horses: 110 mg/kg 

Swine, cattle, sheep, goats: 110 mg/kg 
Poultry: 32 mg/kg t approx innately 0.3 g for each 
adult) given in each of 2 successive feedings or in 
drinking writer for 2 days 

Pietliv kurbiDUud ne Citrate. Dieihyka rbamazi mr 
aim «. USP, INN (Oroide, Divide, FilmWis, l-ila- 
riei.de), is a piperazine derivative, DieShykaibaiimziiie 

(DEC) is a colorless, odorless, crystalline solid that is 
highly soluble in water. alcohol. and chloroform hut 
insoluble in most organic solvents.. Ii is stable under 
varied cnndiliofl* of dirtUJtf and moisture. 

POfEMMiUTtDNS AND ADMINISTRATION, DEC h f<W- 
mu]fitted as Ublets or dhewofaks that are sold under sev¬ 


eral trade names as a preventive for hcaifwont disease 
in dogs. DHL' should be administered daily throughout 
the mosquito vector season and continued for 2 months 
follow ing. Young pups- can begin a preventive program 
of daily DEC as soon as they are weaned and eating 
solid foods consistently. 

hi addition to heartworm prevention, a. cambinalion 

of DEC and oxihendazok fFilarLhits Hus) alwi pre¬ 
vents, the establishment of .Ancyfoirrimj emmum infec- 
lions an dogs and removes or controls Taxacaw cams, 
Taxaxaris tdanum. and Tricfmris vntpis. 

DEC apparently is active again M A immiiir larvae 
only during 24- to 4R-hnur periods w hen I hey are moil¬ 
ing. Thus, DEC Icilts developing larvae as they nn«lt 
from Lhe L, to the L. stage at approximately 2 weeks 
after infection and again at approximately K weeks 
after infection when Lhe L, stage molts to Lhe L,_ 
Dccause lhe latter event represents the Iasi opportunity 
fur DEC to prevent establishment. ii is usually recotri- 
nmtdcd that DEC prophylaxis be continued for 2 

months after the local mosquito season ends. 

DEC also has marked micrafilarteidal properties, 
and dugs LhaL are m levied with heart worms rnusl first 
he cleared ol adult stages and microfilariae before DEC 

prophylaxis, is instituted- The iviiicfDfllarkldal Activity 
often causes Benefit stive ree reaction &, specially ill 
dogi with high number* of circulating mitiofihriu at 

the time of trettmeat. These f&acticms develop rapidly 
and arc frequently fatal. Consequently; use of DF.C in 
microfilaria-positive dogs is sLrictly contraindicated. 

DEC also on he used lln a preventive for heartworms 
in sea I tons, and in ferrets. Dirqfilarm mmrJjj infections 
are common amnng captive sea lions a and DEC 1 7.7 
mg/kg/day} in the fcwid prevents, infection and has no 
effect on host ferti lily. A dose of 2.75-5.5 mg 
DEC/kg/day is recommended as a preventive regimen 

for pei (emett 

Dosage. Tableis or dbmaMes used in prophylactic 

Iwaitworm schedules are administered to dogs daily at 

6.6 mg/kg. 

FUARMACOKINfTlCS AND TOXICITY. DEC is. ah- 
sorbed rapidly from the gut. The peak concentration! in 
blood occurs about 3 hours alter dtll Jidministratiwi 
And falls to zero within 4* hours. DEC is disiribuied to 
all nfgans and tissues except IbL. 

EuLcredon of DEC mom aLmosl entirely through 
urine; K>% of lhe dose in eliminated in this manner 
will iSbi 24 hours of iidnimislralion Only 10-25® of lhe 
drug is excreted unchanged; dae remaiiKler is. excreted 

□s one of four known metabolites, all of which contain 
an intact piperazine ring. 

Rapid iMtabuIttfti and excretion of DEC probably 
account Cur ifv low tOJUcity, Side effects rarely occur 
at the low dosage (6.6 mg/kg) used for httirrwonn 
prevention. 

DEC apparently has no adverse effects «i fertility of 
inale dogv Several sludies in the USA to evaluaie con¬ 
tinued daily Use ih males have coin: I tided that the drug 
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causes no significant deterioration in quantity* mor¬ 

phology. motility, or vi^biliiy of gpematozm 

HEARTVVOHM A1HJLTIC1DE& Adult slages of 

Diwqfitaria immitis cause the major damage associ¬ 
ated with heartworvn infection in domestic Jugs and 
other carnivores. Removal of udults is Ihc Ikev stage in 
heart worm therapy, but complete management 
includes elimination of microfilariae and prevention 
of mew infection*. Two compounds Aft currently 
approved as Dimfiiaria adulticidcs. and both are 
organic arsenical s. 

TUarataruinklF Sodium. TSi iar* fa rmmide Sodium, 
CNN (Caparwlate sodium. Filaramidt, Arsenamide), 
chemically consists of the disodium suit of XS-diester 
nf p-carhaiiwyldithLobcn^eneuj>iorHHis acid with mcr- 
captcKacetic acid. 

ADMINISTR.AT1GN AND Dosage. Because thiac- 
etuntumide sodium is hcpalotoxic and nephrotoxic, 
normal kidney and liver function should be ascertained 
poor Co initiating a therapeutic regimen. 

Thisccmrsarnide is administered intravenously 
because it is very irritating to tissues. Caution muse be 
exercised to avoid perivascular leakage because 

extreme local swelling and pouible sloughing nf 
affected tissues can result. In the event of leakage or 
inuriJverlenl perivarcu I ar ad ministration, injecting 
steroids into the urea helps to reduce the inflammatory 
reaction. 

The recommended regimen of ihiacelarsumide ther¬ 
apy is 2.2 mg/kg twice daily for 2 days. This dosage 
prov ides 0.44 mg of elemental arsenic Ag body weight 
and should not be reduced for large-breed dogs. 

Feeding the patient ak>m I hour before each treat- 
mem is recommended Interest in eating provides some 
indication of the dog's general condition, and treatment 
may be continued if the dog is eatitxg well, Treatment 

should he discontinued if ihc dog develops severe 
anorexia, persistent vomiting, or other indications of 
hepatic or renal disease, 

Arsenic toxicity is manifested as persistent vomiting. 

icterus, and orange-colored urine. When arsenical 
treatment must he suspended, a fi-wcek rest period is 
recommended before initiating another thiaceLorsamde 
regimen. Severe INtic reactions to Ihiacetiirsamide can 
be treated with dimercaprol (8-8 mg/kg/duy in 4 
divided draes-S. 

CLINICAL EmCACV Following the four therapeutic 
injections of ihiaeetarsami.de, adult worms usually die 
within 5-7 days, but lull efficacy may require 2 weeks- 
Arsenicals have no effect Against circulating microfi¬ 
lariae. Dead or dying worms are swept out of the heart 
and Lodge in Che branches of the pulmonary arteries, 
especially those supplying the diaphragmatic lubes. 
Dead worms are resorbd from Lhe pulmonary vascula¬ 
ture during the subsequent 2-3 month*. 


In the first 1 months following treatment, the 
embolic shower of whole or partially phagocyti^ed 
worms poses a distinct threat to the animal. Absolute 
rest during lhe first 2 weeks (lhe most critical period) is 
necessary, and only limited exercise should be allowed 
during the subsequent 6 weeks, Increased body tem¬ 
perature and coughing indicate a pulmonary reaction to 
embolism. 

lhe proportion of fatalities during or follow ing Itii- 
acehusamide therapy is directly related to the clinical 
severity of the paiicm*' heart wnrm disease. Hundreds 
of asymptomatic dogs are treated without a single kiss. 

Among mildly symptomatic patients approximately 
30% fatality is expected. The poorest risks are dogs in 

which advanced heart worm disease has resulted in 
cedmui and asdics; 50TC mortality can be expected in 
this group during ur immediately following Lherapy. 

Cats are potential, hut not ideal, hosts for Dimfiluriu 
immitiXr and the prevalence nf feline infections is usu¬ 
ally about lift* til that in the local dog population, 
infections with adult heart worms arc far more patho¬ 
genic in cats than in dogs. Nevertheless, adult widal 
treatment of Injected cats with thiaceiarsamide cannot 
be recommended due to the frequency of fatal adverse 

reaction in treated cate. 


Melarscmtiitt. Melarsombie (Inuniiicitk) is a divalent 

arsenical of the mclanonyl IhUiarsenife family with 
activity against adult and 4-nwrth-old heanworms 
(Dimfihiria riwmrtij) in dogs. Ils structure is presented 

in Fig. 47}). 


Administration and Dosage. Mclupsomine is 
niarkelcd as a sierile, lyophili/.ed white powder con¬ 
taining the dihydroditiiridc salt, ll must he reennsri- 
tulcd with saline prior to use. Mdarsomme is 

administered to dogs al 23 ing/kg (0.1 mLAg? us two 
IM doses given 24 hows apwn, Peep injections in the 
lumbar musculature we recommended; injections 

should be given in alienmue sides of the animal on sub- 
sequent days. Adult and 4-month-old (L^J* worms 
appear to be equally sensitive to melarsumim;. 

A single, two-dose course of treatment kills ; dl male 

worms and approx innately 9W of female heart worms. 
Treatment completely clears all worms front (60-81% 
of treated dogs I. Keister et al. 1992). When indicated in 
individual dogs by a lack of seroconversion and per- 
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was widely used for treaimem of common ceslode 

infections in dogs and ctU, Another compound, 
bunamidine hydroxynupththoatc. was effective against 
Mtirurziti infections in &m&N ruminants. 

Although superior to its organic iind inorganic natu¬ 
ral precursors, bunamidinc hydrochloride riemon- 
strated inconsistent efficacy against Dipytidlum am- 
r/ium infections-, required lusting before treatment (with 
emesis niter Breuteneril j frequent COflaqUflkHk and 

occasionally caused final adverse it actions in large 
dogs. Modem cssfiaridaJ compootute with greater effi¬ 
cacy and milder side effect* have displaced buumi- 

dine, which is no longer marketed in the Untied Stales. 
A thorough discussion of bunamidinc can he found in 
the previous edition of this lest (R ober s o n and Court¬ 
ney 1995). 

Niclosamide. Niclosamide was widely used for 

treatment of cestode infections of dogs and cats from 
the I9&0* to the IfMJOs. 18 was administered after a 12- 
hour fast iind demonstrated inconsistent efficacy 
against Dipytidinm spp, and CCstodes oilier dud Tcremn 

spp. Like its extemporary, bunamidiiK, mclc^amide 
has been replaced in smalt-animal practice by modem 
oestocLdes. Interested readers arc referred to the previ¬ 
ous edilion of tins text (Rdbendn and Courtney 0995) 
for a thorough discussion of die phiirmactutifil and 
therapeutic properties of niclosamide, 

DrrilLOROPllEX. Dic'hhmfpht'n, INN. has been used 
as a lacniacidc in veterinary medicine for many years. 
I "'or additional coverage of the chemical properties of 
dichlcimphem leaders are referred lo Roberson and 

Courtney 1995. 

Dichlorophen Is a taeniaeide with efficacy against 
Taenia and DiptfidiuM jpp v in the dog anti cal. and with 
limiled efficacy against tofnttiezia expama in sheep. 
Despite cm lam disadvantages ( frequent vomiting, colic, 
dtarrhea, bulky dosek dktilurophen is still widely used 
in small-animal practice because ii is combined with 
Other anlincrrubodlll drugs Lo formulate several propri- 
etary mixtures, Such mixtures are convenient because 

they Brest bench nematodes and ostoib sdmtdtHiKousIly. 

Notable among these mixtures is I he eombiiuiciun of 

dichlomphen with toluene (Vernriplex, Tri-Ptea. 

Difblan} employed for dogs and cals. This combination 
vcfiwvcs 95% of ascaruis, S2% of hookworms. 72 r & of 
Ttxeniu (HpnitiM, and K5% of Dipytidlum organisms,. 

KBX-ACHLOROnil^b. The yninremalodul properties 
of hrxsu-hltMTaphen?' USP. will he discussed Later in ihi 
chapter. In other countries, hexachlompheite enjoy* 
manor use us » ccstodde for sheep* cattle; tings, and 
pouluy. For further discusvion of the unlicestodal prop¬ 
erties of hcKnchlnrophene, readers are referred to 
Roberson and Courtney 1995 . 

Resorantei.. Rrmmmef, INN CTerenol). is an 

aidlkxstodal compound fur ruminants that is now com* 
mercully available in parts of Europe. [t is a hydroxy- 


beu^kiUde. chemically named ^'-bromo-’f-rc^orcy- 
lanilide. Resnraritcl is, highly effective (95-100%) 
jguinvt UmiVzu spp. in both sheep and cattle and 
against Thysanitz^ gjfcnvH and Aviiellitni spp. in sheep 
al a dosage of 65 mg/kg, Field trials with large number* 
of lambs have demonstrated improved weight gains 
fol lowing, removal of tapeworm burdens, 

An Additional advantage of rcvoranlel is efficacy of 
approximately 90% against rumen flukes (ftifximphi'x* 

tomtom sppj in sheep and cattle. Parantphistom^s is 

discussed laser in this chapter. 

Little is known about the phanaiacodyniimics of 

nesnrantd. It is exereied rapidly, and serum Levels of 
Lhe drug are undelectable at dS hours alter treatment 
Within 3 days of treatment. Lhe total body residue is 
less than 0.1% oi the dose administered. Some minimal 
blood changes obsened in sheep given a 3 limes ihef- 

upeuik dose are rapidly reversible. Side effects of itar- 

iLpeiiiic doses ure limited to slight diarrhea in an occa¬ 
sional animal for 36 hours following treatment. 
Rtsoraiilel ls well -Iterated, oven in ewes LreuLed 2-3 
days before lambing. 

BTmiONGL. ffiMtowA INN (Bilhin, Ijnrr^hido]), is a 

phenolic e^impound ihai ls used outside North America 
for treatment of tapeworm infections -of dogs* cals, and 
poultry* and fur tsipewH-irm and rumen fluke infections 

of sheep, tatt le, and goats. For u complete discussion of 
hithionol's pharmaceutical and therapeutic propmm, 
see Roberson and Courtney 1995, 

PRj\ 7JQL?ANTf:E. PmiiqtoMiei INN (l>mmzit) B is a 
novel anthelmimie with excellent activity against r 
wide EfKCtrum of adult and lar\'al ccModcs of aninuk 
and huitttitt and against all species of schislosomt; 
kremniodes tliat are pathogenic to humans, 

chemistry. Praziquantel is a s,ynihelic isoquino- 
linepynmnc derivative w ith the chemical name 4ff- 
pyrali no (2,1 -a | isoq u inol i n- 4-1.2 - (eye I oheay Icbj- 
bonyl)-L2J.6,7dlb-hexahjrclna-, Its sirueturiil formula 
is shown in Fig. 4K. I. Praziquantel is a colorless, 
almost odorless crystalline ccHmpaund with a bluer 
taste. It is soluble in most organic solvents and only 

sparingly soluble in water. 

PHARMAOOKINETEC5. Pra/iqi!<inlel is quickly and 

almost completely absorbed from the ilimeniary tract 

following oral administration. Significant absorpimri 
occurs from the stimfuieh of rats hul primarily from (he 
duodenum ol mice. Maximum plasma ocmeentrationh 
are utMained after 5 minutes in lhe mouse, after 15-30 
minute in rets and hamsters,, after 30-120 minutes, in 

dogs, and after 2 hours an sheep. The drug i* distributed 
to all organs, crossing lhe blood-brain barrier of rais 
(and prosumubly <sT other animals) and passing into bile 
of dogs. The ubiquimus dturkbuticin of praziquantel is 
;m asset for activity against larval ecstodes that can be 
located in various, organs of the host i"musculature, 
hrain, viscera, peritoiKal cavity), 
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Praziquantel is quickly metabolized into inactive 
forms within the liver. FuJIuwing an oral dd*e of 300 
mg/kg in rats., ll* mn drug HOHatntkn in fWTtll 

bipod w-,i\ 21.2 llg/tnT* while that in peripheral blood 
was 6.2 jig/ml.. This difference suggests very quick 
mclaholit ifiactivatiun of praziquantel by the liver 
Plasma concentrations persist lunger After IrtnfflUCW- 
lar 11M) of subcutaneous (SC) injection than utter oral 
administration of the same dose. About H09r of ■re¬ 
labeled praziquantel administered intravenously to rats, 
dugs, and rhesus monkeys is eliminated as inactive 
metabolites-, principally in urine, within 24 hour?*, The 
hull 1 -life of elunmaJiun of luud radioactivity from the 
blood of dogs is 3 hours. Only trace amounts of the 
unchunged duvr are excreted in urine <md few (0-396 
in mke and dog*, OJ.66- in sheep}. 

MODfl fit- ACTION, [n hinh in vitro and in vivo studies, 
praziquantel was absorbed rapidly by cratudes und 
wematodes, The primary effect is insianianenus: tetanic 
GHuncttOQ i paiUhite musculaiure and rapid vau- 
iw.iliizidi^ri of [he syncytial legume ret. These effects 
occur within 3ft seconds after in vim cootld w ith she 
drug al a HHOHMntlM! equivalent to therapeutic serum 
levels, iabout D.3|ig/niL| and occur within 15 minutes 
alter in vivo dosing. Rapid toncraetkm apparently is 
related lo increased cell membrane pHlHfilbfHty to cal¬ 
cium. with suhseqtwol muscular paralysis. 

Vacuoliwiitsn of the tegument is restricted to ihe 
Miteriw region of ihe stmbila of tapeworms- but is 
i Mtt ewd over ihe body surface of (nematodes. Vac¬ 
uoles start at the syncytial layer, increase in with 
time, and result in visible blob*, above the tegument 
surface. These burst and create Mom through which 
neutrophilic" and eox-itiuphilic gmwlocytef enter the 
parasite tliAH and cause lysis within *-4 hours after 

traJment. 

Although the phenomena of muscular contraction 
and tegument wiwHntlM appear flu tK calcium 
dependent, knowledge of the iirnde of action of prazi- 
qumfcld irfl a molecular level is stiLL incomplete. See 
Andrews and Thomas 1083 far derails of the phamni- 
COtillCbCl of praziquantel. 

□USAGE AND ANTHB MMIK SPRniMJM- Praziquan¬ 
tel is unique in having. cstlremely high activity against 
Adult stages of all species of tapeworms rested (Thomas 


and Andrews 1977; Thomas and ticuinert iy7K^ it also 
has good -activity against larval cestodes iThomas and 
Andrews 1977)„ "the method of udminislration (oral. 

SC* or 1M) afltoett efficacy slightly, and ihe SC tonic is 

least efficacious. In dogs^ I mg/kg by any route is 
100% effective- against adult Ilunu pisfformis; the 
samedifcage Ifl cats completely clean T&tittiafHytkktig* 
ertrj ftjfHKHj/brMf and Jwflttw/fa pflfjWlfri. A sin¬ 
gle treatment nf 1 mg/kg clears dogs- of T. h\datifi*nn 
itnd probably T. mis and 71 nitMcfpi but 2.5-5 mg/kg 
is required to completely elimiunle Dipylidium can- 
iiunL A dosage uf 5—IU mg/kg is required ID obtain 
100% removal of MrAKvnoUlu arm', Echihocac&a 
gnsuianu, and L. wuMIacuItuis. A dosage of 10 
mg/kg i* required for efficacy aguinst juvenile forms of 
these parasites. The 5 mg/kg dotage* however* is gen- 
enitly recOfHKOdod for eliminaficwi of the common 
cettodc species of dogs and cals, except ^rmvrna 
jvwwmwfef' and Diphyikihtithrium eritiacea. which 
require 25 mg/kg on ach ffiff 1 consecutive dtyt 

Lung fluke [fbmgflnltmu} infections of dogs have 
been treated successfully with high doses of praziquan¬ 
tel (25 mfikt) on each of 3 consecutive days. Pra/i- 
qunnlcl has an efficacy against nematodes hut has been 
combined with febantel in a commercial paste (Ver- 
cum). with pyrunLel pamoate in a Cablet formulation 
(Cranial h and with both fcbantel and pyninld pamoate 
in a lablet formulalion (Drontul Plus) for bfD&d-apec- 
Vrum use in s-iibiill animals. 

C mh teotly excelheni results against Ecftirwcxcus 
make praziquantel ideal for use in eradication pro¬ 
grams il> reduce the incidence of human hydatid dis¬ 
ease. tn the United Stales, Utah ha*- an unusually hlfih 
jiKid^n^C off hydalidosis, and much off the invcsliguiion 
with this drug wus conducted in that slate (Anderren el 

al. 1978Jl 

Praziquantel is also highly effective against cestodcs 

of ruminants, pdotby* and snakes and iigainst certain 

flukes. All species of Aftftttazfn Sitlttia* and Aviteliinf* 
off shee]i and/or giwts are eliminated by a single dose of 
I ft 15 mg/kg. Tfie pancreaiic Jluke parmv- 

ntk'UJr i) of sheep and ihe intestinal fluke iFtim irrifipiis 
tmskf) of swine have been treated effectively in China 
wiih single oral dote* of 50-7U 1 -und 30 nag/kg, respec¬ 
tively. The common Lupeworms off chickens und snakes 
ore expelled by dewes i>f Kl und 35-7.0 mg/kg, respec ¬ 
tively, wHuut side eflecte. The skin fluke {Cywtmtjh 
/uj MHiMiia) of fish cui be removed successfully by 
placing fish in small tanks for 3 boms in a anctotn- 
tion of I ft mg praziqiwnlel/L- wateT. 

Human infariou wnh Toraia safinatOr T. apHuuhl 
luh! Diphyttcbothritim po cjteM H are eliminated by oral 
di««fs of 10 mg/kg. Removal of D. tutum and Si hiito- 
tr Hthi npfi. requires 25 mgfkg and 4t} mg'kg. respeeuvcly. 
The eflicHcy off 25 mg/kg against HyttitnoUpis mi is 
■ncompiele if lan-al mmdm exceed 5 days of age. De 
Rezendc (1963) and Goldsmith (1988) have reviewed 

[he use nf praziquantel against human pndte fl. 

Ibe efficacy of padquufle] againrl ccotode larvae in 
the intcrmedinte host has been eva l uate! efltemhndyr 
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TABLE 48r 1—Efficacs of praziqtiuiHcl a^uinsl 

various 

iiictucfstod l* stages 
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Table 4KJ List* ijitenmediaie Mage* of tapewonu 
against which praziquantel has been tested. Of [articu¬ 
lar interest is its complete efficacy in cattle against chc 
imemiftJiaU; stage-of the human beef tapeworm (H jcjjt- 
ifiata'K The cndemicity of this zoonotic ageni validates 
the need fur a drug that is effixtm aguiiiM the mciaLe*- 

nfe 5.1045c (Cyninvm tuvii). 

Although praziquantel is highly effective against 
adult and juvenile Edunococcw organism* in the intes¬ 
tine of curaivcHTH. its activity against the larval stage 
(hydatid tyvl) is disappointing (Table 4flLl). Tbc per¬ 
sistent prevalence of human hydatid infections in many 
part 3 , of the world filch the search for a mocfakl drug 
Ehai I* Malay effective iigaiust this stage in human*. 

Recently, albendazole has given encouraging faults 
and is now undergoing extensive evaluation in the trrat- 
inen: of human hydatid disease. 

SAFFTV AND TOXICITY. Acute and chronic toxicity 
studies indicate a wide margin of safety fur praziquan¬ 
tel (Muermann c[ ah. 1 l J7tik The oral median lethal dm 
{LELJ in mice -und raJLs nd between 2(MXh and -MKK) 

mg/kg The LD^Jh rm higlfcr wlwn chi;: drug is givvn 

subcutaneously. An item, on] LB has nol been 
■established in dog* because they vomit when dusuges 
exceed 2(JO mgi'kg. The single therapeutic dose is \ 
3.K-L2-5 mgiTcg in dog* and 4,2-12,7 mg/lcg in cats, 1 

Overdoses of up to HvctdJd arc tolerated without 
adverse effect Tenfold overdose* may cause transitory 
voiltitiilg and depression in both dug* und cats. Twen¬ 
tyfold s^verdtpyj^ (2fH> mg/kg) may be fatal to cats. 
Dogs given daily dosage* of 20, 60, or 180 mgitg 
exhibit no change* an hematologic or elinicLichtftlicid 
parameter*. except an occasional increase in alkaline 


pbosphltl&e levels with the highest regimen. Dermal 
and eye tests in rabbit*.. guinea pig*, and/or human* 
indicate char praziquiu'iid does non tenkhtze the skin or 
cause irritation. 

Siudie* in pregnant rat* and rabbit* detected no 
embcyotouc or teratogenic effects of this, drug when 
given orally at dosage* of 30, 100* and 300 mg/kg from 
the 6Hi day to ihe 13th day (nl) nr 18th day (nMrft) 
aficr apotalkn, -Similar tests in dugs and cats support 
the use of pnaquantel in breeding and pregnant ani¬ 
mals without restrictions. Some chungi:* in nuclear 
structure* of greased animals suggest mm ;l| snow level* 
praziquantel may have gcnotnxic effects pctasihly trad¬ 
ing to development of ncopLaxia (Moatcro and 

Ostmfcy 19W). 

tirsil'RANTtL- Lpjipratftei, LNN tCeslexl, is marketed 
solely as an anbcestodil drug. Et It dttnkally related 
to praziquantel and is a paradfTO hetkzazepiftc with the 
chemical name 2~fcyduhexyI r ai ho n yIi-iou-UJA 
6,7,8,12h-uc1ahydropyru^ino-12.1 -u ||2 Ibcnznzcpinc. It 
is an arid-Hible white powder that is sparingly soluble 

in walcr. The structural formula of Cp tiffM td id ^ho-wn 

in Fig. 4S..2. 

PHAKMACOKMBTICS. Following oral wtwiHrtnfloi, 
ufdy trace amounts of epsiprantel are absorbed from 
the gastiiniitcstinal (Gl) tract, and most is eliminated in 
the fece*. Mian peak drug plasma levels irflkl.T |ig/niL 
1 range, <03-0,34 pg/tnLh occur in dog* 1 hour after 
oral dosing with 5-3 mg/kg. After the same dosage, 
plasma level* are ncri detected in 83% #f c8A and 
delectable drug concentrations reached only 0.21 
pg/mt. 30 Biliom after dosing. Levs than 0. 1% of Lbe 
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.Mebendazole his demonstrated positive results 

against larval stages of 71 phifwrmis in rabbits, X 

hythii^na in pigs, and E. gramifasiis and £.. inuMtoc- 
WiaW.T in mice. A brief regimen of treatment 125 
mg/VgMay fat 5 days) was totally effective for Tbeitua 
cysLicerci m rabbits and pips. A much longer regimen 
lfiO-1 IDdiiyi, 500 ppm mebendazole in food) is neces¬ 
sary for 9b% of hydatid cym of 

cm in mice, Similar or better results can he obtained 

against hydatid eysis in mice by giving IP doses of 
mebendazole (150 mg/kg/day for 1 days,) or hy oral 
treatment wilh icnhendazole (500 ppm in food for 16 
weeks). Studies indicate that mebendazole readily 
crosses llie cyst wall by simple diffusion. Fnxloscoliccs 
appear to be more sensitive lo the drug than lift germi¬ 
nal epithelium of (lie hydatid cyst. These results have 

encouraged, use of mebendazole (Varment. USSR) 

against hydatid disease in humans, Previously, surgical 
removal of cysts has been only I [Ki- successful. 

Mebendazole is also effective against the juici-medi¬ 
ate stage (letralhyridLum) of Mesocatoides mrti in 
mice, Adults and leEnilhyndia of M*S&CGitoid&& CU 
infect dogs. and the totter stage may cause fatal, ver¬ 
minous peritonitis, Five of 6 infected dogs, were suc¬ 
cessfully cleared of larval Mesoegsloftfes infections hy 
protracted regimens of fenbendazole at 100 mg/kg 

tw ice daily for 14-60 days (Crosbie m al. 1998), 


A ml ices tcndal Drugs for I lorstH. Historically, horse* 
have not been treated routinely for ccstode (AnujgFo- 
cephak i petfaimta} infections, but public interest in 
equine lapewomis is. definitely increasing. Manage¬ 
ment of equine tapeworm infections hus been ham¬ 
pered by the lack of sensitive diagnostic techniques 
and by a dearth of biological information about tile 
tapeworm and its mi hut id mite vectors. Little is. 
known about the seasonal patterns of transmission, bo 
strategic treatment recommendations to dis-rupt the 
annual cycle of reinfection are purely speculative at 
praeiii 

No products are currently labeled in the United 
States, sped fiddly for treatment ol equine ccstode 
infectious, Limited tests have shown tlial pyrantel 
pamoate >(13.2 mg/kgi, pyrantel tanraie (2.64 mg/kg 
daily for 30 days), niclosamide (88 mg/kg), 
dichlorophcn (2D mg/kp), bilhUmol (7 mg/kgi, meben¬ 
dazole (20 mg/kg h and praziquantel (0-5-1.5 mgflsg) 
(Lyonses al. 1995; Lyons el al. 1998) are effective and 
safe wrioegdes for horses. 


A NliTRKMATODA L DRIJCS, FrafeQkWft (infec¬ 
tion wiih Eixsciota hepatica) is Lhe most common and 

most economically imponani Uremalode disease of 

domestic animals. worldwide. Most of the amiitrentuto- 
dal drugs discussed in this section are compou nds used 
in tre^liiteiit of lisfcioloris. linef attention also will be 
given to treatment of infecctnn'i caused by rumen flukes 
I ParcrmphrsUmutny in cattle and sheep and by long 
flukes (/bragouwiwj) in dogs and cal*. 


Fuvcblusisr Livtfdwc lling crematoden adversely 
affect the health of sheep and cattle in ihc United King¬ 
dom, Australia. southern and western United Suites, 
and some tropical regions of the world. The United 
Kingdom has experienced three major outbreak* of 
acule and chronic laseioJusis in sheep since World War 
El. In Lhe United States, liver lluke disease is. typically 

more chronic mi subdinical in nature, 

Both mil iiilIlijc Liihi mature flukes damage the bast 
liver. After mctaccfcaiiac arc ingested by grazing sheep 
or cattle, lhe immature lluke emerges Iran its cyst, pen¬ 
etrates the wall of the small intestine, traverses Lhe peri¬ 
toneal cavity, and penetrate^ the liver capsule within 4 
days of infection. During the next several weeks, imma¬ 
ture llLikes tunnel Ihrougjh liver tissues, feeding mid 
inefeusiug rapidly in The extensive damage and 
resultant hemi in haying of the liver often result in clinical 
signs of acute fuse miosis within (v-tt weeks after infec¬ 
tion. This stage is often fatal. During the eighth week of 
infection, flukes begin to penetrate the main hile ducts, 
where they attain sexual maturity by - IQ-12 weeks after 
infection. Hie flukes or 1 music su^ep! ible tor perhaps 
moat accessible) to faseiDlickbd drugs at this stage. 

Adult flukes, often in pairs, Itsdge within a bile canal, 
causing biliary hyperplasia and progressive occlusion. 
Heavily infected areas may become walled off tmm the 

rest of the liver by contractive tissue. Such ureas 

become progressively less penetraWe by therapeutic 
agents and consequently more JitTteuli to treat. 

The seventy of E hepatica mfeetions in sheep may 
he enhanced hy the fluke's potential rale in disseminat¬ 
ing enteric bacteria [CloiIridium noqn) in Lbe liver dur¬ 
ing mi|jatitwi..Tlie resultant infcttkUfi, necrotic hepati¬ 
tis (black disease) can be fatal. A vaccine against C. 
florvr. however, is helptul in controlling the disease. 

Drugs Effective against Adult Flukes. Since 

the introduction of carbon tetrachloride for treatment of 
helminth infections of animals in she 19213*. numerous 
other compounds have been investigated for efficacy 
against £ fwfun it a. 

On Lhe basis of chemical structure, Lhe faseioheidal 
drug* can be separated into several groups: til the 
hiiloganteed hydrwaibon%> I carbon Cetmchluride, bcM- 
diloro«lhaoe. t^tradrilorodifluoro^thane, hexa- 
ehlorsipuraxy lene) were reviewed in the 6di edition of 
this text (Roberson 198% (2) the bisphenolic com¬ 
pounds (hexachlorophene, bilhionnl sulfoxide, the 
bramsalans. oxyelozanide. di-nsanick). 01 the nitio- 
phenolic compounds (disophenoJ, n iclofolan. nnrax- 
yml), l4i lhe newer saJicylOnilidcs tekwantel. bm^ian- 
ideL (5) sulfonamides (dors u Ion L and (6) 
benzimudaznlH (albcnda/ole. irietohendai^lc). A com* 
mun feature of ihe first three drug groups is che pres¬ 
ence of halogen atoms, ft is unknown whether Ihe halo¬ 
gen atom pfeseots u common mechanism for 
iasdaLicieto! activity of ihese drugs, bui this is consid¬ 
ered unlikely (Fowler 1971). 

Tlte flffkkMes dS^LUs-sed below are marketed in most 

livestock-prixluciing areas, including Europe, Africa. 
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und. Australia. Richsmhet sJL (t wai in Ausiralia com¬ 
pared the efficacies. of many anlilrcmalodal drugs 
against immature and mature stages, of F. hepatira in 

nttkiTlH drugs lescisd wn triuluhenda/ole, aJhenda- 

?olc. cknuba DknnyaL oxyckwiikic, and vafm- 

anitfc. Earlier, Lcrason (I9K&3 reviewed these drugs an 
well 415 ckfruntel andi dEamphcnellude. Among these 
compound*. kflWCWf, only albendazole and ckmilOA 
have Fund iufcd Drug Administration (FDA) approval 
fiM use against fluke infceLions in the Ignited States. 

Faraoticktal drugs historically have targeted adull- 
ftage nukes. Cc M cqoeotly. imnutun flukes in the liver 
ptRKfeym largely escaped therupeuiie activity riniil 
the introduction of diampficnelhidc in 1971, This drug 
denmnstrates greatest efficacy against young flukes, 
and lLs effectiveness diminishes as the flukes age. 

MfiXAOlLOROMRAXYLEHB. HeiKUonpHixylane is 
a chlorinated derivative of benzene. For a brief discus¬ 
sion of this compound, readers are referred to the 7th 
edition of this ten f Roberson and Courtney IOT51- 

HETMCHLORDV’HBHBi. HexachlcjrDplienc is re* approved 
for use in the United States, it has good efficacy agatnsl 
adult flukes huL no effect againsi i mi nature fluke* less 
than H weeks of age. Heiachkiruphcne is discussed in 
the 7th edition of this icst I Roberson and Coorttcy 

I W5». 

B-ITIUUNUL SULFOXIDE- Bhfcknol has activity against 
rumen flukes (ftfrcr/npArs^wnw^? spp.) and liver flukes 

(fkttMd and AucioMfer *pp.l of ruminant and d» 

has si.Mbi< aniiLe^cod^l properties. Roberson and Court¬ 
ney (1993) offer IMercovenge of Niki UjdqI. 

INK kWlMSAi.ANS. The bnmtaiuw are available in 
some countries for the trealvnent of mature and imma¬ 
ture infections, These compounds are dis¬ 

cussed by Robcruin and Courtney (1995), 

OKYCLOZANIDEr QxvcUmvtfdt* INN fZunil}, was 

■ ' J a" 

introduced over Ml* yearn ago fur use against adult lluke 
infections and in some countries is fonuilued together 
with Itv^miuofcc to offer broad-spectrum helminth treat¬ 
ment OxyeUw-anide is discussed funkier by Rohenain 

and Courtney (lW5j r 

N]ici.nrtH.AN. Miflaftyltin, INN (Biibvnin, Diitokffl. 
DertiL, Menichlopholan), is u niuosuhslituted analog of 
hcMichlorophene. Its chemical formula is 4.4'® 
dich]on> i 6.b'-dinilrc^<?.d?-l>iphenul. In addition to the 
typical ftduAbdtial spectrum, niekofolan has some effi¬ 
cacy against immature pguctota organisms, bus only at 
dosages chat ore dinitaHy unsafe. Further discussion of 
nielot'olan’s properties is included in the 7ih edition of 
this text (Rjobcnn and Courtney 1995), 

MITRDXYWI1 . Nifwxynilj, INN (Dovenis. TroduxJ. has 
the chemical name 4-hydmxy-LMiKki-5-niLtobetlzo- 

EDtrilCi 


Niiro-xynil was developed in the United Kingdom in 
the latr ] c J6Ch ils m injectable fascialicidc lor sheep 
and. cattle. It can be administered orally but is more 
effective when administered by the SC or ]M mute. SC 
nr 1M adminisiraiion provides similar efficacy for liver 
flukes. but the SC route hus become the method ol 
choice in practice, It is injected in the side of ihe neck 

of cattle 4 iik 3 at any coovadeol sice In cheep. The cue 

of SC administration gives nitcmynil an advantage 
over tksciolicidcs that musi he administered -orally. 
This compound stains wool nr hair yellow; thu*. eve 
must he exercised lo avoid spilling. I .oeul tolerance at 
the site of injection is satisfactory, although transitory 
inflmnuMy swellings arc oocadaully observed m 
cuLtle. 

Nltrm.yjnll is effective against mature F htjmka and 
E gtgamtea . bin not ptfimpfahtomes in sheep 4ind oi- 

tlCr It abo can be used in treat haemnnehosi s and 
flamfifaria bovlcch infections in these hosts, Nittm- 
ynil is more than W effective against ivermeeiin- and 
henzim idazole-rcs isLunf tfrjemancfau t'ontnr tw.t of 
sheep. 

Nitmxyml has high activity against mature liver 
flukes at Id mg^kg. und its acLivily against immature 
flukes reduces mortality rrom ucutc fasciolosis in 
sheep. Efficacy drops- off. however, against Hukts that 
arc younger than fr w^yks. I is well toknied 

Tit the dMkpeukic detuge of Itl mgAg B but higher 
dosages a tt noL lecoakDeoded bes'4iu^e of potential 

adverse reiicdorks, 

ELWOKAKDEi fkffifflXWiltf, INN tFkukanidc, Ronidci, 
is a halogenatcd wilicylamlide. Its chemical fofitHilA is 
3'-chlo-rn-4' , -lp-ehlorophenoxyl!-3,. I i-cl:iiodosalicy- 
lanilide. It is on off-white crysLalliiK- powder and is 
eommenrially Rmnu.laled fnr use as a bolus or drench¬ 
ing suspensiun. 

AubtfHNU w i<7 EjJrcHrrnr.ri. lUffounMc was deved- 

oped in I4b9 and huhsL^quenily has been used exten¬ 
sively against fasciu-losis and httfucochotis in sheep 

and cattle in the United Kingdom, Europe, Aintnltt, 

Rra/il, mid South Africa. Its prineipnl use is as an adul- 
liade for F. hepaticQ and F, giganlift w. hut it ulsu has 
respectable efficacy against immiluro flukes, a single 
therapeutic tk«e t7.fi mg/kg) in sheep provides the fol¬ 
lowing efficacies for various dg.es. of F. nearly 

lOOtf for 12-week-old flukes, Nfr-Wtt for b- week-old 
flukes, and 50-9H r £ for 4-wce-k-old tlnkci. The same 
dn&agcs alford similar efficacies against f\ hepatica in 
8 cflitlc. The reliable efficacy of Ihis drug 4igiLiiisi 4 - and 
^ fi- week-old llukes give* nfounide an advantage over 
strictly udullreklid drugs in the ireaiment of acute Fas- 
ckriotii. Repeat Eieatmeni is advised aE 3-week inter¬ 
vals to eliminate maturing flukes thal may Iwivc 
escaped earlier Ireaiment. 

Rafoxanide is also indicated ill the it cm men l of 
haem^iclHisis, bUKHtvnHW, and sheep nasal bols. 
Greater than efficacy is reptirlcd uguinst adull 
Hatmondua and AuihMfMHW in cattle, and j^ojnat 
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adult and immiilu re fturns of these parasites in sheep. 
Raibxanicfc also appears 10 be highly effective C' 98 %) 
□gams-1 all parasitic larval 
(Oestrus uvrf k 

Pharmacfifk HttnV-i and Mtrtir ra/ Avt-km, Fol lowing oral 
doming., rafojLanbde is absorbed (presumably from the 
smaJI intestine) into the bloodstream. Peak plasma lev¬ 
els occur between 24 and 48 hours. The drug is not 
nmabolized to any detectable degree by cattle or 
sheep. It is extensively bound {>99%} to plasma pro¬ 
teins and has a lnpg (I fcA-dftj} terminal half-life, Per¬ 
haps acme at the efficacy of ra fox. article against imma¬ 
ture flukes is due to its prolonged persificncc in the 
plasma. with subsequent effects cm maturing flukes as 
they R9Ch the bile dbets. Following a single oral dose 
of 15 mg/kg in cattle, no residue of the compound is 
detectable in edible tissues at 28 days after treatment. 
The mode of action of rufbxanide apparently is. a* a 
prison iutKiphure, transporting cations across cell 
membranes and ultimately uncoupling oxidative phos¬ 
phorylation within puultk micochoodrla (Martin 

IW?1 

■ 


stages of i he sheep nasal best 


BROMQflWNOPHQS. Bromophfnophoi, INN (Aecdist), 
is an oiganopho«|tfioric acid ester. Its chemical formula 
ts 4,4",ft.ft*-lei/ahiiwi»-2,2" Npheflyldiol mono (di hydro- 
pen phcwpbaielL 

B mmophcnoplwjs is. used to treat F hepatic a infec¬ 
tions m cattle. Its efficacy I'nr adult flukes is 85-100%. 
and nl has reasonably good activity against immature 
flukes, Bn>mophenoplnos is administered orally to cat¬ 
tle at u dosage of 12 mg/kg. 


cloksulon. Ctonnkw (Cwrairem) is a tauenesuh 
fonamidc with the ehemLeat formula 4-amIlKv6- 
InchkmK’thenvI-U-benzcncdisulfonamide, li.s seme- 

■r 

tunI formula is shown in Fig, 4B.3. CEorsulon ts 
fcwmulaled commercially as a drench for sheep and cat- 
lie and as a SC injcctinm for cattle (In combination with 

ivermeelin). 9n the United States, clorsulon and alhen- 
doj.olc are She wily drugs approved by the FDA few 
Irealmciil of F. htpatita infections Albendazole is 
approved for beef and noil metaling dairy cuiile; cktrftt- 
lon is approved for beef and dairy cullle. regardless of 
lactation status. Neither drug is approved for sheep in 
the Untied States,. 

Indications and Effectiveness. Oral adminisirntmn of 
^.75 mgAg elonsplun provides I DM efficacy against 
adult F. heparica (|4 Of 16 weeks old) ill txmh sheep 

and calllc, Higher dosages are needed cl» airain sinful Hr 
levels of efficacy uguinsl younger flukes. A s ingle dose 
of 15 mg/kg cloruitim was 91-99,5% effective against 
6- and S- week-old flukes; 30 mg/kg removed 99.7% of 
3-week old infections and 85.5% of 2-week-old infcc- 
lions, Based on these data, the label dosage of 7 nngAig 
is predieied to he approximately S8%> effective for 
usnnutc llukcs and 99% effective for mature forms of 
F htpathtt in sheep and cattle. In one endemic area of 
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Lhe United Slates (Florida) where snail vectors are 
present on pasture from December to June, it is sug¬ 
gested Ihiit treatment with dorvuhn in late full and 
again in early spring should prevent must inttnd^oA 
of Famnia organism (Courtney ei al. 1985). 

The combination of eicwsulon with ivcrmectiii in a 
SC injeetable formulation l Lvomec Phil) was designed 
fur slmidtineous Lrealiiipcnl of Fasciola and nematode 
infections of cattle. Thu onl fonnuhiiion of cfersuln 


(Oiratrem) also cun be used concurrently with other 
anthelmintics (c.g. B svemieeLin. fcribendazcilei with no 
reduction in efficacy of the individual products (Mai- 

ok et Hi. 1990l 


T\w. efficacy of cLomiIim. has been levied against 
infections much several other fluke aperies in rurm- 
nants. Ii is reasonably effective 092%) against imma¬ 
ture (B-wecfc-old) Fmckdmdex in cattle and 


sheep at an elevated dosage of 2 1 mg,'kg orally. It is not 
so effective (74%) r however, against older 1 1 ft-week- 
old) E magna in these atypical hosts. Daily dosing at 7 


mg/kg fur 5 consecutive days has been 100% effective 

against adult and 92% effective uguinst immature Eds- 
ckd<s gi&mtica in cattle, Clwsukni has poor efficacy 
againsi the rumen fluke, ftwmtM'ttvrtuwt, 


Pharmacokinetics ami Mode of Aditm. Schulman el 
al. (1979) used radiolabding techniques to deCermivK 
that clorsiLlon cuIjCTs the blood rapidly uffer umiwtil 
and attains maximum concentration approximately 4 
hours Luer, when 75% of the circulaling drug ts in the 
plasma Mid 25% is in erythrocytes. Drug concentration 
witaii fluk&s peaks al 8-12 hours after dosing. 

Residue studies indicate a short half-life of danuulon 
in lisAues and milk. Milk liken from Created Limmals 


wiihin 72 hours (six milkings) after treatment should 
nut be used for human consuiuptiriri , and beef animals 
should not be slaughtered wiihin 8 days of meaimenl. 

The mi.hJe of action of clocsulon has been siudied by 
measuring its effect on glycolytic enzymes of F. hepai- 
fc-dL Inhibition nf 3-ph^phoglycerul# kinase and phos- 
phoglyeeromutasc occurred, This enzyiMCie inhibilion 
dTtclively blocks the Embden-Mycrhof glyeolybf 
pathway and thereby deprives she fluke of its main 
source of metabolic energy, 


Sttftfy and liuirifw AcuLe lorkity of donulon has 
been assessed in mice* rats, sheep, and cattle. The LD^ 
in mice is an IP close of 761 ang/kg and more than 
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JtaUittfH/ trj Acute RutMesii. Diamphenethide Is 
used for tmftmrt of acute bcMnii resulting from 
immature forms of F. htpetfiCQ migrating through ihe 
Liver parenchyma of sheep. A dn&afug of I HO mg/kg 
■diamphenethide is almost \iWr effective againsl 
flukes fmm 1 to 65 days of age. 

The activity of diamphenethide against 10-week-old 
lie., recently mature) flukes diminishes to and 
Lhe efficacy for fluke* 12 weeks of age ut older in 70® 

or less. Accordingly, a single Lreairoent normally elim¬ 
inates all the young flukes hut leaves at lejasl of Ihc 

mature population to continue shedding. eggs and con¬ 
taminating pictures. 

Rrupkyittti&. 11k lumlumental prerequisites for suc¬ 
cessful prevention of fasciulukis include elimination of 
the e si sling tluke population in Lotu-; hatting contami¬ 
nation of puftjrei wiih flute eggs: and prevemiiMi of 
a c ute , chrome. or HlbcUnical fiKMm. Tb accom¬ 
plish all these prerequisites. an ideal fasciolkidc must 

he highly eflicuciuus against all parasitic Mages of F. 
htpffftcct, Of ihc current drugs, only Ihe combi nation of 
ral'oxanidc t with efficacy thai spans 4 - week-old lo 
adult flukesJ and diamphenethnete felective against C- 
day-old to 10-week-old flukes) most closely 
approaches the ideal fiisciohcide and theiehjre offers 
the best chance t'm successful chemoprophylaxis. 

(lie value of rafoxanidc for prophylaxis of fasci- 
u-Josas has been demonstrated in Scotland i]Armour 

and Curhu 1972, Wklteliw 41 net Fawceti 198II 
Drenching of ewes twice (in the spring iliHlI early 
summer) g$ an interv$il of 6 weeks kept ihe lest pas¬ 
tures virtually clear of fluke eggs over the vital peri¬ 
od* of snail breeding and infection by miracidia. Two 
further treatments in the fall 16 weeks apart) reduced 
infection in ewes, to negligible proponlfflU in ihe 

winter, Armour and Corfu {1972) and Rowludi ct ai 

(19H5 1 have promised that treaimcnts with 
diamphenethide at ft- to H-wcek intervals (twice in 
the spring and Iwitc in the TslII> should provide excel¬ 
lent control of EuciolDriSu 

7iJLTK% The usual oral dosage of 100 mg/kg in step 

apparently is safe. A single oral dose four limes the 
therapeutic dosage 144X1 mg/kg.l produces ran loxlc 
signs. At higher dosages, toxic effects include tempo¬ 
rary impairment of vision and lu&i of wool. Pastured 
sheep are less susceptible to toxic effects than boused 
sheep. At a dosage of IhOfl mg/kg, diamphenethide 
p^idiKW*. ih low incidence of mortality. An acute LD. 
value for sheep apparently hus nut been established. 

Ct.w r j 1 m rn dieta ion j. There appear to he ciu sigilifrcaill 
contraindications for UK of diangiheneihidu, Pregnant 
eWH dosed with 2£X> mg/kg once weekly on 2, 3, or 4 
Co awCi ltVB occasions during the 21-week gestation 
period exhibited no AdttiW cflbctt on fertility c*r ter¬ 
atogenic effects in their offspring. Advert effect* on 
fenilily have not hoen .reported in ewes and rams dosed 
-during ihc muling period. 


Admiruylrtttitw ami Iht&Ug*. Diumphenethide is mar¬ 
keted us a suspension fur oral administration to sheep 
in a single dose of 100 mg/kg. The same do^ge la 
effective and safe for uk in gull 

Farampliisl^niusih. Rumen fluke \.Pfin*mphi\iirmum 
spp.) infections are common in cattle and sheep 
Ihroughoui the world. Adult fluke.* anaeh to the rumen 
wail and are of little COdttquedoe to the health of the 
animal, Large numbers of llte iiniiiaJiire stages, bow* 
ever, can he seriously pathogenic as ilicy migrate 
within the gut lumen from Lhc duodenum to the rumen. 
Symptoms arc more pronounced in young, previously 
uninfected sheep or cattle and include severe anorexia, 
polydipsia, and watery, fetid diarrhea that ultimately 
results in reduced production or deaih. 

Intestinal parumphistomnsis generally responds well 
io ircjiinem wills drug* that arc effective againM liver 

fluke itmViw CCttKlC mlpelmn* in ruumiiuils. 'I^iese 

include niclosamide, iiiclofotan. roonnteL and 
bffihRmoL Concurrent trealmeiil of infected dairy Cflfl 
with oxyelcwnnidc and oxfendaj.ok increased jnilk pro- 
ductinn by 0.4 liteTH«'day fSpence et al. 1996). Roberson 
and Courtney £1995)' discuss therapy of paramphisto- 
nmu at Length. 

PuiRoniiiKHbi. Lung fluke (f^mgciiipnicf spp.ji injec¬ 
tion is diagnosed uceas-ionally in dogs urnd eats in the 
Americas and in the Far tiasL. Lour drugs are appar¬ 
ently eDfcftdiOQfl aguinsi firngoninm f organisms: 
biLhiuiKiL pt4L/u|u«uM«l h alhciidii/ii'lc. uihl fenhcudu/ole. 
The oral dw of hithlonol for lings and cots is 100 
mg/lg every mher day for a total of 10-15 treatments. 
The efficacy of bithionol is rather unpredictable 
\ 15-85% redticlion in number qf flukes);, and the drug 

h;i* mxfainb k *itk iii Miiull peiiniuil*. 

Pi 4 e q 1 c 1 is effective against infec¬ 

tion in dogs when given at 25 mg/kg on each of 2 con¬ 
secutive days. The efficacy -of praziquantel against 

fliw jp dmu infeetkm in cats ha* iuw been mlutad, 
Albendazole, at a dosage of 25 mg/kg twice daily fi»r 
M day*. Is highly effective against Para^mimux in fee- 
lion in hoih eats and dt'igs. The twice-daily regimen L* 
cnjciul; otherwise, single daily dote* id" 100 mg/lig for 
14 diiys me reijuired to effect □ cure (Dllbey el ai. 
B97H;); 

Rabeodaute tills adult flutes in di>gs and reduce* 

lung le*PLHi* without side effects tDuhey ei aL 1,970 k 
E ffective tow include 50 rng/tg twice daily for 10 
days and 25 mgVkg twice daily for 14 day*. Shedding 

of tluke eggs in feces ceased J and R days after initia¬ 
tion uf Lhe retpecthre regimen. 
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/ac^punr spp. Cocddiusis is eunmety impo rtant in the 
poultry induslry. li m estimated that .150 million dollar 
worldwide and ubnut Ell Million in (he United Slates 
are spent on anticoccidial agents a year (Long ITO.lk 
Economic kisses also occur in the c-PHle* sheep. go^L 
rabbit, iu*d twine production industries. but the use of 
antkoccidia] igcafe is lc*s frequent in these industries. 
ClnecLdicwis can abo occur in humans. udieT prinuces. 
dogs, and cuti, Members of the genera forwent* and 
hotpom generally are hmt specific and complete their 

entire life cycle In a single animal 
The ccxcidial life cycle is complex. It begins when 
spnrulated OOCJffltB cuu mining sporozoites are ingested 
froth die environment in contaminated food or water. 
The sporozoite* undergo excy^union in the Intestine 
and arc liberated from site rtocysts. The sporozoites 
then actively penetrate host cells in the intestinal traci. 
The sporozoite transforms into a HophowiB, which 
undergoes muELiple karvokmesis and eventually pro¬ 
duces numerous merozoite*. This sequence oF dcvclnp- 
fBOrtll events oc«l a preduteniiinied number of limn, 
and each cycle is called a generation. Eventually ihc 
itterozuiles produced by the terminal generation of 
mertr/cnles transform into sexual stages. M^cmga- 
moflte me uninucleate and are llie tamale gamete, while 
mierogflmnnts become multi nncleate 4uvd produce flag¬ 
ellated microgamctcs (sperm). The micmgamelcs fer¬ 
tilize the vnacrogamonts. and Ihe resulting zygote pro¬ 
duce* an oocyvL The oocyrl is excreted in the fefitt, 
usually in the unspurulated condition. Sporulation 
occtn In the eudraumt 
Members of the genus Cryptosporidium can be m> 

ognl/pd as sericNis inlesCinal and rexpiraEiwy pathogens 

of humans and domestic animals- Tlwir life cycles are 
similar fcn the fihtrrid and ISQSpOfQ spp. A notable dif¬ 
ference is that the parasite develops in ch£ nuernvilli of 



fitttiphunid gwhiri. N&arpom fat\itmm r and &wpp- 
QWll spp. 4ire related parasites ihzE cause abortion. 

dicath, and (induction losses in fumhuuUB and other 

animals. These parasites- have- iwn hosts in their life 
eyelet. Sexual stages are present in (he definitive hash 
and. asexual stages (lachyzoites, mertunites, tissue 

cyan) are promt in (be intermediate but Summ-stis- 

induced enccpholiiis is seen in several species of ani¬ 
mals and is particularly important in horses, where the 
causative ageni is S. neumna. Ntagpow cutiimirtt 
causes encephalitis and paralysis in dogs and; abortions 
in ruminants-. tlepalozpon tirntricaman has emerged as 
the cause of often fatal disease in dogs in ihe southern 
United Slater (Macimire et al. IW7; Vineeni-JohnsiWi 
ctal 1997 Jl 

Timing and Modi of Action of Anllcoccldlel 
A ft fife Anticoccidial drugs cun ad on extracellular 
stages (sporozoite*, menu/nite^ to prevent penetration 
of cells nt mu (he intracellular stages to scop or inhibil 
development. A few antbeneeidials affect the specula¬ 
tion of oocysts after they are excreted, and a few effect 
exeystation (under experimental tundiliunsk Anlicuc- 


cidials can act al specific times during Ihe life cycle or 
e*£rf Cheir effects at seviral phases. Anticoccidials are 
classified as ixxcidiosUidc if they arrest Lhc develop¬ 
ment of ihe parasite hut do not kill the cocLridial stages 
artd as cnccidiocidal if they kill most of (he coceidiaJ 
stages. The dislineiitwi between CiaecUkttUtic vtfWft 
eoccidkxHdid is often noi clear. Factors such tt length 
of time cm medication^ dosage, and speeich of Cttddjei 
on cause a compound to appear as cnee idiomatic in 

MHinu irisismces hui ei icvidi^vidul in others. 


Anlicoeeklial Drug RffUltnK, DevelopmcTit uf 

resistance in antieweidial drags is a major problem in 

the pouliry tndusEry. AflUcocckUal dnig resistance 
occurs when a cnccidial parasite can multiply or sor- 
vive in the presence df concentrations of an anticoc¬ 
cidial lhal normally destroy pariLsiles- of the same 
species or prevent (heir multiplication (Chapman 
IWH. The speed of development ot drug resisiancc 
depends on the nunte of action of (be agent. Resistance 
to siome anlicocddials- has appeared in a* early as 
weeks to nuatllft, while OlllHl require years, bet'em; 
mutant siqLins appear. Cross- resistance to anlictxicidi- 
als with (be same mcndr of aCMl from the mluk chem¬ 
ical class is common. The ipcctrum of activity of an 
anlicoceidial agent must he taken into account when 
examining resistance- 

Development of resistance to an ;l|dciii docs not nwan 
lhac its use h.v an anfiacoccidial is compLctcly abolished. 
Combination whh oiher amenta cm Improve adivicy 
Also, oner u product has been removed from routine 
usc for several years, the drug-rcsistunt coccidiu will 

ELixappcar due In IlkL of drug pressure.. 

RoEuLional and shuttle programs can be used lo slow 
the developmeml of drug resistance. Rotational pro¬ 
grams change Lhe agents between grownnit periods, 
and shuttle programs chung^ aiiEj^H^idials during a 
single grim- cm! i: period. 


New AnlltHddiiil Drlai^ Targets, A vestigial, ocm- 
(ihn’icosyiirhtiic phUU has recently been desc:riK i d in 
apitcomplcxan parasites (Kdhleret al- STO7>, It proba^ 
hly was acquired h-y secondary endosymbiosis of u 
green ulgu. The function of line plasCid is nol known but 
it iftessenclal for puulle BUTViVftl. In phuks, che plus- 
tids ire the siie for many biochemical pathways, 
including the biosynthesis of folate, amino acids, 
ubiquinone, haem, nucleotides, lipid, and search 
(Roberts et ul. 1WH). llie shikimafe pathway has been 
found in upicomplexan parasites (RobAtt et al. 1990), 

The enzymes of (he iMfclate pathway yre encLKkd in 

the nucleus, made in the cylopLa*m, and labeled io ihe 
apicoplaM I'chlornplastJ. The seven enzymes involved 
in this pathway ure attractive drug larger because ver¬ 
tebrate cells luck the shikimate pathway. Giyphox- 
phace—,V-(phL>^phoftome[hybglycine i:* u welt-s.iudied 
inhibitor of shikrmate pathway enzyme 5 -nsolpynivyl 
shikimaie .l-phn&phuc synthase—inhihics develrrpmcnt 
of apieomplexan parasites (Roberts et al. 19911), 
strengthening the hypothesis- chat this pathway and this 
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organelle wiD prove to be good drug target* Id (be 
future. The qilnphst may also be ia p rtM l in fatty 
aeid btosyndiHb because several protdiu Involved in 

fatty at id biosynthesis accumulate in lhe apicoplast 
('WUIer ta aiL 1998). TWol-uctumydn. a fatty acid 
biiftynilwHs. inhibitor. inhibits development of malarial 
parasites. indicating a vital n>Je fur the iipicuplasl and 
fail) - at id biosynthesis.. Clindamycin and 
ci proflcxacin— ] -eyefopropyl-fi- fluoro-1,4-cfei hydro 4- 
iisci-7-f ] -piperaziny I H-.l-quin-nlinccarbax y I ic acid — 
have also been shciwn to act cm the apicoplust and 
inhibit development <of Jlw, gimdii (Kichcra and Knew 
1997), Much research is presently being done on (he 
upicoplust und its potential an a drug target. 

The mannitol cycle has been identified in Eimeria 
leneiltt (SdUDAtZ 1997) and all oilier time™ spp. lhal 
infect chicken*. (Li-beratur et ah I998L It is an attractive 
■drug huget bKMK il is nut present in the chicken boat 
The mannitol pathway i& important in the formation of 
oocysts, and mannitol functions an the endogenous 
energy toucc ftsr spunitming oocysts. NitrophenUlc— 

Wa<3-ubvplHDyltduulph ide ■ ■ in liihi c* an enzyme 

needed in ihc- biosynthesis of quaqUoI and- will prevent 

the fonraiioin of oocytft. If ntoopbfllUe is used -ill 
Lower levels, the oocysts will not sporulate, Additional 

fluynus involved in the rtsunrtilol cycle are probably 
(dim to he a tt ra ct ive drug (JkfgtfcL 

AntfieoeddlaJ* ustd for Controlling Coteidlod* m 

Chickens. Because the vast majority of anticoccidial 
agents are intended lor use in chickens, we will discuss 
them first in relation Lo these birds and then consider 
iMJdrtiiHial animal species sepuiulcly. 

HYDAOKYQUINGIJJN KS A HD N/WmOQUINmES. 
Buquinolute^ dfCWpiimfe (DfiCCHk iind nequinule W 
quinolofie (4-hydmxyquinoloneH| antieoccidLals (Thhlc 
49.4>. Thee compounds are CHddkHiic and allow pen- 
emtioi of tporozoites bui not development. These inhib¬ 
ited sporozoites have the ability to resume deveUjpmtfiu 
after the: agents are removed. Little anticoccidial immu¬ 
nity dewlopt in thickens on these vnedkatium. Recoil 
evidence indicates that deosxiuuiute cun have an anticoc¬ 
cidial effect on flrM-gcncration KhlKtti uf E, md&H 
adversely affect sporulaiirin b find permit (ho dcvclupmont 
of immunity if fed at levels Lhal are lower than its coc- 
cidiosUiln; levels i Williams 1997). Buquinolate and 
nequinule are not ptesomly used in the United States. 

Dtccquisate id a cream t« p«le buff. micnxrysLd hue 
pow der with a slight odor. Et is practically insoluble in 
water and is stable for about 4 years if stored under 
appropriate conditions, Decoquinalc i-s poorly absorbed 
from the intestinal net. and wIiqik is absorbed is rapidly 
cleaned from she blond ADd tissues D«oqutuie is fed 
al 0,003ft for prevention of eweidiasis in broilers-. Ii 
should be fed for al Least 2H days when development of 
cneeidiosis is Likely. Ifo DPI feed to laying chickens. No 
withdrawal is required. 

The quirtLtlmie an-licoccidiuls inhibil coccidial respi¬ 
ration by Interfering with cyrochrome-iiwdi^ttd elec¬ 


tron transport in the parasites" mitochondria. The site of 
action of quinolnne anticoccUliaLs is probahly within 
tin: be, conplu, where the eketmot are transferred 
from ubiquinone m cyioehrome c. 

Atovaquonc fMepmn suspension (i has bread-spec- 
trum antiprotozoal activity and wm developed for use 
in human beings, it is a yellow crystalline solid that is 
practically insoluble in water. Atovaquonc is supplied 
as i bright yellow su^pensitro of nkrafiBC panicles at 
a concentration of I ?Ll mg iUovnquorWtnL. It is highly 
lipophilic und administering it with fix*) ithrea-ves its 

absorption twofold. It was originally developed for the 

treatment of drug-resistant strains of malaria and FIotw 
mpcysflj carimi pneumonia and is discussal hunt 
because it was also found to have excellent activity 
against 7i.uo. gond&L It also has activity against Eimr- 
ru spp. Alovuquone is also thought lo affect the miio- 
chundnal he, complex because a mutant resistant to 
ffltefViquoH Is fiJsc rolitiDt to dnoptiati' f Pfotlerkom 
el ah 119 m 

Parvaquone and buparvaqmwuc art iiii.philiciquiiH.ines 
lliu .1 are used fw thge treatment of pimplasmosas and 
will be discussed below* in that section. 

O iHPinOL.. C~!lopidol tCi^vdei 1 ! 25ji,. .K5-Jichlor<i- 2 ,ft- 
dimeLhyl-4-pyridincd. is the only pyridinnl Lo be used 
as- an anticoccidial (Fig, 49.5), It is practically insolu¬ 
ble ill ualtn. It is Utlve ugnmst Ihe sporozoite sLagc, 
allowing hosL cell penetration hut not parasite develop¬ 
ment. It tin ha* activity agllnn «w.md-generiition 
tthkDDgooy, gametogony..-and spcinilaticut. Sporu^u-ites 

can resume development aft<CC che iii^dii r -aLicm is 
removed. Little antieoc-eicfi^l immuniiy develops in 
chicken^ receiving this ugent. 

Long (L994) suggested thal Lhe mode of acticsn of 
clnpidol was similar to that of the quinokine antieoe- 
cidjals tocau*4 of *imil»r structure . 1 and biolngical 
-aclivicy of lhe ageuLs. H^ewr, cniKs-reKisLiince 
between clopidol and quinolnne antkoccidiaJs docs not 

occur (Long IW). 

Qopidol is fed at affl 25 -O.OZ 3 €ft for prevention of 

ccKcidiosis. A 5-day withdrawal is required if the 
0JQ2504I level ts used. This level may be lowered Ln 
(1.0125*# 5 days before withdrawal and fed. t’lopldol is 
transmitted tw die eggs of bens chat are fed clopidol- 
containi ng diets ( Long i 971 | f 

RontlNlDlTsTi. Robcnidine (CyctKtaC, Ri>ben/} s IJ-Mt 

[[(p-ehlonjtwn/.ylicUi ne Muni no ppuuidiot hydfochlLl- 

ride (Pig. 49.6). is u synthetic anticoccidial derivative 
of gtmnidime.. Tt is active uguinso the Cirst-generatiun 
sehizont of E. iestrii&i by preventing foimatitm of rucfiN 
zuiles. Rofecnuiene is ted at 33 ppm for the prcveniiori 
of coccidiosis. Finish feeds must be fed within 5tt days 
of manufacture. |>i mu feed with bentonite. Do not 
feed to layers. A 5-day wldidiawal is required. If 
robenidline is not withdrawn 5 days before -slwaghtcr. 
ih« fl^sh of medicated birds will have an unpleasant 
tasie. Robenidine is [raiLsniLii^d in Lhe eggs of hens 
(Lung et al. 19HlJk and these eggs may have 4 m 
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Clopidol 

{C 7 H 7 Cl 2 [siO) 

[192,061 
FIG. -W ? 


Several formulations -qf amprolium are availablc. 
AmpnliUJU it used for ihe pitVMiM ofCwcidinQ in 

chickens ud fed! ui 36 . 3 - 413.5 g/ton fet'd or given in 
the dnnkin) water ui 0 , 012 %. No withdrawal te 
required, 

N'itrou i1HZAM1DES, Ak lom idc and duuiolavnide 
(syn. zoiiLenc) iZonmix) m nitrohensamide amtiw- 
ddiil agents (TMe 493). [1wsc agents not primarily 
on the first-generation schiBonti. and dinitolniide 
inhibits qmlllkM of (MtAii and McDougald 

19(1 1). Difritobnidt is cosidlatutit if given lor 6 days 

hot i\ eoeeidiiXlidal if gives for Imigti periods fl.iwsg 

11993). The nilrobeiuamidcs arc oftn eomlimd with 

■ 


other agedts. Nitrabcnzuniidc-rcsiMaiiL strain* of coc- 
l idiill arc anninun. The anLiccxit'idisI mude fif action of 
nitrubcnzamides is nol knmvn. 


Alkomide is nol cuiRBlIy marketed at a single ifert 


in the United States 


El is Mill us*d in oomUnotlm with 


other agents, 

Difiiiolmidc is fed at OjQI25% lo prevent coocHttovs 
in chickens. Do not feed lo lasers or bind\ over 14 
week* of ifJBr No withdrawal is inquired, 


NfCAKMZlpi P Nicarbazin (Nicsirb, Cycvb) as an 
equimoLcciilar complex of 4.4'-dini.Lrc*arhanitide and 

2-hydnxy^,6dlmethylpyriinidtiK (Fig- 49.B). Dry 
crystal* w Biroagjly electrostatic and present some dry- 

mixing problems. The agents arc absorbed separately 

from the chicken digestive tract, and txrih are needed 

for aaticecddiil tdWky. The precise mode of a el ion of 

mewhazin is jmc known. NicaftazM is fed m 123 pprn 

ior the prevention of coccidiovis. l>o not feed to layers. 
Dii not use for treatment of cdcckUokb. A 4 -day with¬ 
drawal is required. Nicarba/m causes reduced egg pro¬ 
duction. depressed egg weighL. reduced eggshell thick¬ 
ness, and egg-yolk molding when fed lo while leghorn 
layers at 125 ppm (Jones ef al. 1990 ). It also cubes 
poor haCchnbility and depigaiieu latum of brow n-shelled 
eggs. NioriMudn is mMolly restricted in use to the slav¬ 
ing period btcuH of potential gtwA-suppnsiig 
effects and. m cooler months of the year bMwt of m 

potenlial ha enhance the effects of heat distress 
fMclJougald 1993). 



Ro ben id im 

(C 15 H 13 CI 2 N 5 ) 

[334-21J 


FIG. -IM .6 



Amprolium 

fC 14 H 19 CIN 4 ) 

[srm.re] 


FIG iy.T 
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I ABLE 4V.6—limophoroiui untibjolirN 


Name 


i licirncul nun it: 

i'Empirical formula) 
IMoki-nliir weight! 


QritikbI struct ore 


La«lw;id 


MadumniLrin 


itfrahyO™- 

EclnhydiThStf^^ 

■kV- liydmxy^JW.^.V diriwrlhyi ft-uMSfUMi Jr 1 |~ 
2 -hydro^y“ 3 -incl^ylil^ri/o^" arid 

(CJi w OJ 

TmSorj 


7522SM3.17. DidL ini'lliuiLV 

2,6.22-cri£kf!Kili>E i l-tfHkiiKfhyl-22- 
[tl^didoHcy4,4Ji Ct melliyl p l .- 
tua h»j rtL-t-hL'X li py caul ■ j sy J hi X_Y |-6-iifcClliyL- 
nsylnncwn^dn A nKnviumTOwii nm syU 

(cjy« 1T ) 

|*34.1? j 




Matninwo 2-[5-Etliyh«rahydi l ciHi-(ictrahydfti-3- 

mplti yl-V|1 etr.ili tfdftN 6- h y*bn>t y ^ 

p>rfln-2-y]]-2-fury1Ll-fuiylJ-9-Nydriciay~ 

y. i^-teEramfiahyM jfr- 

difno-ipiro- [- 4 . 5 ] dwAnf-T-^bylvrk Acid 

(CJI-OJ 

|AKL»] 



Nora^ra 


^ap.3n.5n.6a.l-u-clhyl-6-I5-ll5- 

(.“icuflhiy iLeLrahvdm hydriny fwi. meLhvl 

2 W - py r*i¥-2jB-jl J-3 "cs, 4.4 ^ J 
h^xabydri>y(j.ryJroi.y- 3 "p. 5 D:. 5 ”p- 
CrLiiiL'ci^% kpimj l'unm> 2i, l/ 7 jjL ,, ‘-[ 2 i , ir]|n'njn' 
bW'HlX-l^pynm |6‘a-y I |2n- 
tiydfuXI-[C.ip-diioelliyM -rtfcti'ikcply 1|- 
^ctnihydrn-JJi-di irwthy l-lf/ipyrnn- 
2~llocI.il y iti iI 

KJW 

\7MMl 



ScmdurHimicin 


aRJSASSRMWuntoyfa^IA- 

diltvdms I If I-1 >1(25:5*. 7$ m #R**5b 

^ydmy-2^\m^y[-2^i2RjbSh 

■LCrjJlydfT^. c i-rieliiyl>5«I|i 2lf.. 1 .S', 5 I - 

ic(nth>dro-5[i;2J l 3S 4 Jit6rh 
in trail ydm- b- h ydmn y - i, 5,6* 
trinwNhy l-2W-pryran-1-yt|-J-[ [i;25556ffh 

iL , njJ’iydfu-5-fifctiliiJ5t - v-<i-rtK-iiiyl-2ff-pyjaifc- 

^-yljt^icy l-S-ftiiTi'liH-Fury] |-1,6-dknu^pinoI 
||4J^^-7-yi|L^yJ]-5-nk.ihuxy-3-nt-ihyl* 

Z//-pyTan-l-jraciir ell id 

ttwy 
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sporozoites ami inemzmles. Extracellular stages 
develop me mb cum blebs lulkilhg alterations in 
membrane integrity und in internal LtsmolalUv, Because 
cuccidiu have nn- qemocncgulalocry organelles, this 
change an internal osmotic conditions would adversely 
affect the parasites. 

Because of the unique mink of action of kmophores, 
development of aniiwoceidiil resisJance to ionopJiores 
WM skiw do occur ill the Held and difficult Do produce ( 
under experimental conditions. In the mid- Co lift: 
IWUi kcoptore-Ksiicani drains of thicken Eiiaaria 
spp. were documented in the United Stales, and 

ionaphore resistance is mm contmofl. Cro^resiatance 

between mnophrircs is common, although strain differ¬ 
ences in response to specific i™ipbure* have been 

demonstrated- In general, resistance |p a monovalent 
polyedter intafbore confers some crass-resistancE to 
other monovikoit polyether iow.ipfn.ires. hui suscepti¬ 
bility go monovalent mnnnglycosidc and divalent poly- 
cthcr innophures- may be retained. 

IrnDphures arc potentially toxic for highly suscepti¬ 
ble species, such a* horses and other equities. Cane 
should always be taken Co prevent highly susceptible 
animals fmm gaining access Id feeds- containing thcNe 

product*. 

MDNENSIR Moncmin (Cotwn. Rumcn^ml is a mono- 

valent polyether ionnphmc ihai is a fcrmciilaEinn prod¬ 
uct of Sttvpfamyc** ciimamnnensix. Mcmensin (Cohan t 
i s fed at 99-121 ppm for prevention of coccidiosis in 
broilers. Do not feed to layers or chickens over 16 
weeks of age. No withdrawal is required. Tianiulin 
(Ti am mink fC2-i;dk!ibylaiiurio:H:Lhylji why I thiol acetic 
ac id 6-cthcny Idccahydro-S’-hydroxy-4,6 .9, 1 (1-tetra- 
mc t h y I - J-u &u-3 a, 9-pm pane- 3 nii - eye lu penGac y - 

clooewn-6-yl tsur. may interfere with the metabolism 

of mmnsin in chickens and cause weigh! suppression 

(Mcingasser et al. 1979). Mone&in is apparently not 
Iran sin illed to eggs of hem ted monensin for I week, 
nor does il adversely affect egg production or quality. 
Mature turkeys and guinea fowl should not have access 

lei mGifiOTsm-c^nCaining diets. Mtnwnsin will cause 

dcaih* in horses that ingest feeds enmamiug it. 

LASALOCID. Lasalorid ! Avatec, Bovalcc) ts a divalent 
polyether ionopbore that is a ftnuentalion product of 
Slrrpf&mfctis t&saliems and was die second loocphore 
marketed in the United States. LllsalCKtd is fed ai 
C).CM]7S-0.0125^- (7S—L 25 ppm) for the prevention of 
cnccldicKis. Lasulndd Ls well tolerated when fed with 
liamulin (Mdnjjasser et al. 1979)., Lasutocid is trans¬ 
mitted to eggs of hens that have been fed lasdodd for 

1 week. Lududd dkK-s not appear cm accentuate heel 
distress, but hi usage has been associated with wet lit¬ 
ter at the higher dosage levels. 

SALiNUMYt'iN. Salinmnyrin (Bio-Cox) b a monova¬ 
lent polyether acmophnre that is a feimentalion product 
of StrufNom\ve.% aitms and was I be third iortupbure 
marketed in die United States. Salinomycin is active 


against sporozoites and early and Laic asexual stages of 
chicken corcidia (Conway el al. 1993)- Salinomycin is 
fed HI hft ppm for prevention of coccLdkwis in howlers. 
Do nol feed to layers, It is ihit for use wills pellet 
hinders. Nu withdrawal is required. Salinomycin does 


not 






r 'iiC3ii or egg 




mulin may interfere with the metabolism of salino- 


mycin in chickens, and cause weight suppression 
(Meingasser ct al. 1979). Salinomycin will cause 


deaths in horses and adult turkeys that ingest feeds con¬ 
taining it. 


NARASJN. Narasirt. (Mofftehtul) is a monos ak-nc poly- 
etlKf iofouphore [hut is a fennentatiun product of St rep- 
tomyctM aumrfuefam. It is structurally similar Id sali- 
ntHnyeiii. differing only in ihe presertcc of a methyl 
group in nanism ihah is not present in sailtnomycin, 
Narasin is fed al 70 ppm for the prevention of roc- 
cidmsis in broilers. fi is for broilers only and should nut 
he fed to other types of chickens. No withdrawal is 
required. It does not adversely affect egg production or 
egg; quality. Narasin may cause felalLtLCs in horses that 
ingest it, and it should not be fed to adult turkeys. Tia- 
mulin may interfere with the metabolism of narasin in 


chicken*- and cause weight suppression I Meingasser et 

al. 1979). 

A combi nation of narasin and nicartazid (Muiban) 
is fed at 40 ppm for prevention of coccid mm in broil¬ 
ers, It is for hmilcis only and should nor he fed to other 
types of chickens. A 4-day withdrawal period is 
required. The use of this combination has been associ¬ 


ated with Increased murlaiily 
b— l Jislfcss. Ft-ed eomakiing 
cause falaJiiies in hi.Tses that 
he fed to adult turkeys. 


of broilers in Lime^ of 

tlli> t^ii nh iii ;ilH6ii may 

it. and it should not 



MADURAMICIV. Madyrudtnidll (Cyp) is a munova- 
leni mcinog.lyooside pt>lycihcf ionophore dun is a fer- 
menLitimh prod^jci of At■lirifmtnlrim >tfMrjv*n.vi r . If is no 
longer avaitabte in the Unilcd Slates. It is used for Lhe 
prevention of cuccidaosis in bnwlers and fed at 5 ppm. 
It is for broilers Ally and should nol be led lo uTbcr 

types of chidteus. A 5-day withdrawal period is 

required. Maduramiein dews not adversely affect egg 
production or egg quality (Jones cr al 1990), Madu- 
runnicini is well tolerated when fed with liamutin (Mein- 

gunr el al. 1979). I f nudurainicin is fed ur 6 ppm ™ 

adverse effeei on gmwih and feathering may occur. 


SGUDURAMlCItl Scmduramicin (Aviax) is a mono- 
valent monoglycosidc polyether ionophore lhal is a 
fenmentatmn product of a mutant of Actinomadum 
ntxrttmfu (Rieketcs ei al I9Q2). The parem produced 
a diglyeosidc form of semduramicin that had to be 
semisyntheticuLly modified. IJSath forms of the mono* 
glycoside agent have identical activity, |i is fed m 23 

ppm for prevention of opepdiuts in broiler chickens. 
No withdrawal time is required. It is well tolerated 
when co;fedminisiered with tijonulifi (Ricketts et al. 
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iht bile. Tbe remainder excreted as metabolites by 
the kidneys. Use of thiDettuprin and other DHFK/T5 
inhibitor* is associated uiift adverse cfFecis mi hone 
imrrow. Adminislralion of lolinic arid usually will 
counteract these adverse effect* (.see loxoplasmusis, 
EiFM below). 

Pyrimethamine is ivillaUe in 25 mg (Dara- 

■prints Pyrimethamine is wei! absorbed after oral 
adminislrulion and is >Lowly hut extensively metabo¬ 
lized. Les* Lhan W i* carted in the urine in the first 


24 bom, and iIk half-life is 4 (i dtyt in human beings 
(Van Reken and Pearson I TOO). Et accumulates in the 
kidneys, lungs, liver r and spleen. Il is excreted in urine 
as metabolites-, but some pynmeLhamsnc can be found 
in the milk. Very high doses of pyrimethamine art ter¬ 
atogenic in Ubmtofy andiult. 


Combinations nf Sulfonamides and DflWTS 
Inhibitors. Ormelupnni combined with sul- 
i'adimcthuxinc tkofenaid 40) is the only combination 
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TiTliny.uril, ulLhough n-nc available in. ihc United 

Stiles, has been shown to reduce the signs of coc- 
cidkMis in naturally infected- nursing pig$ when 4 sin¬ 
gle oral IfWO mg/kg BW dose is given to 3- to 6-day- 

old pigs {Dricscn et al. 1995). Clinical signs were 
reduced from 71 in 22® of nursing pigs, find diarrhea 
and oocyst Mention were aho decreased by the single 

oral treatment. 

Dog Goccimosis. Oocysts of four ftospcm spp. r/, 

COflis, / f ^Anrt'ri.vj.Y. / Tiruriyalfu, and /. i , . | nrrmv.Y.rj CJin 
be fbixiaid in the feces of dogs i Lindsay ct al. 19970). 
Additionally,, oocysts of Cryptosporidium. HummiM- 
dia, and Neospom spp. and s-pnrocysts of Sarcuvyaiis 
spp. are found in the feces of dkigs. These usually arc 
tkm uuditod with diKtte. 

Clinical signs of canine coccidimfcs caused by 

Fsttspttftt spp. are bloody or mucoid dLwrhea, ahtlmni- 
naL pjin, dehydration, anemia, anorexia, weight loss, 
and emesis, as fdl -as neurologic and respiratory signs. 
Animals Shu! arc nursing, recently weaned, or immuno- 
cumpr unused are most likely to develop clinical Men*- 
of disease. Coccidiosis can cause severe problems in 
SOiYie kennels Hid She stress of shipping may cause 

outbreaks of eoeacfiosis in young dogs. 

Several agents have been used for the treatment of 
intestinal ExnndiociE in dogs (Lindsay ei al. IWJaL 
hul only sulfadimethoxme is approved by the FDA far 
this usage- SulfadimeLhoxine is used tor treatment of 
eoeridHsisis al 50 mpfcg BW for 10 days. or til 55 mg/kg 
BW far I day; then at 27.5 mg/kg BW until clinical 
signs disappear. Sulfadimethimine is combined w ith 
ormetoprim (Ptumr) and used as a treatment For ene- 
ddiosis al 11 mg/kg BW oimeloprim plus 55 mg/lcg 
BW sulfadiniellioxijie for up to 23 days. 

Sulfadiazine is combined with trimethoprim iTrtb- 
rifvsen, Pi -Trimj and used as a treatment ftircuccklicj&is 
at 5-to mg/feg BW trimethoprim combined wish 25-50 

mg/kg BW of sulfadiazine and given for (V days to dogs 
over 4 kg BW; dogs- under 4 kg BW are given half this 
dosage for 6 days. 

Amprolium is used in the treatment of cocridiosis at 
300—400 mg/kg BW for 55 days nr ul I H>*220 dig/kg 
GW for 7-12 days. Amprolium is also used in Ihe 
drinking winter (sole source) al 1.5 Lhsp/gal for up to 10 
days r Am pro! i uni can be combined w ish sul- 

fadimechoxine and used for the treatment of cootid lo¬ 
ses at ISO mg/kg BW r amprolium and 25 rng/kg BW 

sulfadimelhnKine for 14 days. 

CaT CQCOdJQSIS* Oocysts of two Jsmptmt, >pp. arc 
found in cats (Lindsay cs al, 1997a). Additionally; 
oocy?w of TutiJ, gdndii Hamm&ndia hammondi, 
Reximiii# spp,, CrypHwpundUm panrmh and Samo- 
cyim spp. t spomeysts> am found in the fe«8 of cals. 

Clinical signs are usually not asscciaied with she pres¬ 
ence of toe oocysls. 

Clinical coccidiasis in cals is fLimilar SO Thai &Hfl in 
dogs. No agents arc approved by the FDA for ihc treat- 
meni of coccMlosis in cals. Agents and dosages used 


for the treatment of can ine coccidiosii are also used for 

the treatment of feline caccidsoftit 


RaBBIT CoCC 1E405I5, intestinal and hepatic coc- 
cidiosis in nhlxits is one of the most economkrally 
important diseases of commercially reared rabbits. 
Etmtrm sttedai is the cause of hepatic eweidiom, and 
important intestinal species include K. JIawM'em and 

E. mtrsrimdis, Traditionally, She lulfcmamUtes have 
been used extensively in prophylaxis and treatment, 
However, resistant strains have developed, limiting the 
effectiveness of Lhesc agents in some facilities. Sul- 
Faquinaxaline is used at 0.03% in Ibc drinking water for 
ID days for treatment of eoccidioais. A LO-day with¬ 
drawal is required. Lasalocid is approved Ihr use in Ihe 
prevention of heptiJic eweidtom in rabbits and is led al 

0.0125% until the rabbits are 6.5 weeks old. No with¬ 
drawal is required, 


Clryptasporidiocvis, The lifecycle of this eaeeidiun is 
direct. It is unusual in that it develops in Lhe microvil¬ 
lous borders of u. variety al epithelial tissues and pro¬ 
duces fully speculated oocysts. Cryptosporidium 
parvum causes inleslinaJ disease in imminocum pelenI 

human beings and other mammal (Payer ei d r 1997), 

Respiratory and biliary tract infections and disease 
occur in immuru^ampromised humans and nnnbuman 
primates. Cryptmfumciutm bailey i causes respiratory 
disease in chickens and other avian species, and f. 
mnteagridiji causes intestinal urod respiratury disease in 

turkeys (Flyer eial. 1997 k 
Cryptospvridial infeeiions are renwk^My re%i^iani 


tn uvatment w iih imiht arrtkoccidisls and other ajitimi- 
crobbl agenfs.. Rlagbum and Snave (1997) KpOfUd 
that aver TIM Iherupeutic agen1>. have been examined 
against cryptsasporidlosis in humiins and animals u. iih 
Link 1 success. The most promising agent identified to 
date is paromomycin, A naturally infected cat with 
cryptosport dill dlwrh&a wa® successfully created with 

oral piirmiKmiyein given at 165 rng/kg BW every 12 


hour* for 5 days C Barr et al. I W4 )l Treatment of calves 
with oral paromomycin at 50. 35, or 12.5 mg/kg BW 
twice daily was effective in preventing oocyst produc¬ 
tion (50 mg/kg down or in delaying the unset of oocyst 
pmdueiion and in greatly reducing the numbefs of 
oocysts excreted (12.5-25 nng/kg BW doses) when 
started I day before inoculaLion and continued for 10 
days (Payer and Ellis 1993). i'reatnncnl of 2- to 4-day- 
old goal kids with ml paromomydn al.50 mg/kg BW 
Iwice daily lor 10 days was effective in preventing 

cryptopridi^h (hhiKiauila ce al. 1993). 

Die ant-iciyptosporidiiiili atliviiy of piirumomycin 
apparenily does not involve trafficking through the host 
cell cytoplasm hut involves movcovctit of the agent 
Ihouigli altered apical membranes that surround the 
developing piiTUMEes (Griffiths et al. I99H). Paro- 
mamycjn docs noi esert m effect* m extracellular 
sliigcs of C pcirviAffl (Griffiths ct al. IWK|. 

Experiittenlal studies demonstrate LhaL C. haiteyi 
of chickens is refractory to treamiem wllh approved 
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Most of the dLeiiLotherapeuik- agents used (o irc^ii 
malaria in human bemgs were first evaluated against 
malaria in birds, Cblwxfjine h 7<hlwiD-4H‘4'dieihy- 
lamin©-1 -methyl hulylaminu(quinoline, has been used 
in the ttratmcrit of avian malaria. ■Ptajflwdiiwii rarJlrctHm 


c-uuses clinical malaria in penguins that are kept in worn 
ot aquaiiiL h is treated with an ml loading dose of 10 

mg/kg fi W chlnfoqjutnc, Followed by oral doses of 5 
mg/kg BW gjiven 6 ? Ifci, and 21 born taler (C'lubb 
19 H 6 ). 

Leite ocyioi.owT >pp. ex:cur only in birds and m tot are 
nonpalhogenic. xmiifoi of turkeys ijif. 

simrmdi of ducks and gK$e t and Lew. rdir/feiyr of 
chickens are the most important and pathogenic 
species. Anemia and enlargement of the liver rad 
spleen are the clinical signs associated with these path¬ 
ogenic species. Leucacyt&z&ofi imandi occurs m North 
America. Europe, -and parts oF Asia, and Leu. smith} 
occurs in the United SiLates. LeMcacyl&zpBn caulieiyi 
occurs mainly in souLhem and eastern Asia. 

Pyrirnechjumlne 1 1 ppm) combined with sulfadimethnx- 
Iik CIO ppm) will present but not cum Leu, cauiieryi 
infections. Clopidol is approved for the prevention of 
Leu. smiM infections w hen fed at its rntteoccidtal lev¬ 
els (0.0125-^.0250%). 


Haenwproleus spp. are usually nonpatbogetlit 
TrcuimunL of Ht&mftpftrtetti Infections, in most birds is 
not justified because of the minor impact on health. 


Canine- HepntoMmnra.Lv. Hepal&^ptm cun if is a nor¬ 


ma] ly nonpathogenic species Found in dugs- in many 
regions, of the world, including Asia. Africa- southern 
Europe, the Middle East, Japan, Malaysia. arid the 
Philippines. Diagnosis is made by Atmautotini 

stapes, in infected leukocytes. Its primary- vector is 
Rkipicepkaim sanquinGtmA, the brown ting lick, Dogs 



the lick and become infected. 


HfpMt&XM ttmmcnm causes canine heputozoono- 
sis in Lhe Americas (VkrctUl-Johnson el al 1997). In 

the southern United Suited, H. umcrk iumnT infections 
are being identified more frequently (Macintire et al. 
1997). It is irunsmnted by Ambiyotm mm itiurum, the 
Gulf Coast tick (Mathew ei al. (99®), Clinical signs 
include fever, stiffness, pan abnormulities, marked 
lethargy, weight loss, and mucopurulent ocular dis¬ 
charge. A marked leukocytosis is present but no or few 
gamont stages are present in the blood, AseBUftl Mages 
are? present in muscle tissues, and a pyogranulomalous 
myositis, develops. Periostiial bone growth can often be 
documented on radiographs.. Diagnosis is made hy 
demonstrating stages- in muscle biopsy Of occasionally 
demonstrating gurriunls in blood smears. Relapse is 
comman and most untreated Cases are fatal, Tfthrazunil 


given orally ill 5 mg/kg BW every 12 hours for 5 days 
and toltrazuril given orally at |0 mg/kg BW every 12 
hours for 10 days caused remission of clinical signs in 
naturally mlected dogs, m 2 3 -days (Macindns et al. 

2000). Unftuuiddtely H most treated: dop relapsed and 
eventually died From hepBtoZOOflOsis, The response of 
M. omrricamm ”infec led tings to Lreaiment wiLh a 


COmbtFiaikm of Irimeihoprim plus sulfadiazine (orally 

15 rngftg BW every 12 hours) plus clindamycin (orally 

If] mg/kg BW every S hours) plus pyrimethamine 

(orally 0.25 mg/kg BW daily)'(TCP therapy) For 14 

days demonstrated that remission of clinical sign* ill 
naturally infected dogs occurred in 2-3 days., hut mast 
trcaicd dogs relapsed and eventually died from hepaio- 
zoonosis (Mbciiriiic el aJ. 2000). The best results have 
been seen in dogs that have undergone TCP therapy 
and then been placed- mi a daily oral ircatiYKflt program 

with 10-20 mg/kg BW decoqumarte. The dacoquinate 

tnUment must be continued because once it is stopped, 
relapse and clinical disease MCUT (Maeitltire et al 

2000). Dugs have tolerated this treatment and survived 
for over 18 months. 


SUBCLASS PIROPLASMASINA: THE PIRG- 
PLASMS, Piroplasms are tick^ran-snutted protozoans 
thin tictiide Ute genera R#heski. ThrUma,. and Cytawt- 

ZiHm. Asexual multiplication occurs in the vertehrale 
host's blood cells t Babesia) and host's lymphoid cells 
and blond cells {Tkeiieria and Cyroux^Don). Seufll 
stages and sporulaticm occmr in Lhc tick host. Animals 
become infected when Lhe lick feeds and injects sporo¬ 
zoites. Tick control programs rad vaeciiMiion sire used 
in conjunction with chemotherapy to prevent and treat 
animal infections. 


Bulicviosis. Clinical signs associated with babesiosis 

are hemolytic anemia, anorexia. jaundice, few, central 
nervous system signs, and hemoglobinuria. Death may 

result fmm infection with some of the highly patho¬ 
genic species, baheskoMS tm ihe greatest economic 

impact on cattle and Is one of the most important dis¬ 
eases of tropical and vubtropical regions, where 
approximately 6U0 mallim tattle are al risk of infec¬ 
tion. Babesia higemiria. Bah. hems, and M diwergens 
are the causal i vc agents of htrt ine balvesiosis. Bovine 


babesiosis has hcen eradicated Ifrom the United States. 

Equine bahesaosis is caused by Bah. aqui and Bah 
cabatli and as widely distributed throughiKit the Tn»p- 
ics and, less frequently; the Subtropics, The movements 


of infected horses lire resirieied; carrier horses muM he 


cleared t«f infection before being imported into areas 
free of the disease. 


Canine babesiosis is caused primarily hy Bah. eanis 
and is transmitted by Rkipictpfmhis saagumeewf in (lie 
United Stales, Babesfu gihsMi has recently been docu- 
Uteiltcd iii dogs in the United Stifles and is much harder 
to treat. 


Htiht'xia fetix antli Safe ht'tjwHuri cause bubesii-Hsis, in 
eatn in SouLh Africa.. 

Babesia ialkiioA in wild rontinytus is common hui 
ife significance is unknown- 

Several drugs are u.-sed Il> treat Babesia infections 
and moffl are potentially toxic for the host. TreaCitienl of 
species having large pirnplusrnx h generally more sue- 
ccssl'ul than treatmeni of speck* [hat have small piro- 
pliisms. Treated animals may become carriers. Agent 
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[mirtnc-arh givicn al 1-2 mg/kg BW will eliminate Hah. 
nihfdti from horses if given twice during u, 24-hour 
pvriixl (Kuflkc I9RS>, A single 7.5 mglkg HW SC imi- 
ducarh urcacmeni will completely clear Jut cailf 
infections in dogs tPenzhom ct al. IW?5). Feline 
babesiosis- is reFracloryto treatment with imidocarh. 

A single dose of 3-5 mg/kg B W SC diminazene. Fol¬ 
lowed the nesti: day by a single dose of 7.5 mg/kg liW 
SC InaiAaofb, will wwnplabdLy elcar Aafr «n/f in fee- 
lions in dop (Pnzbon) el al. lW5} r 

TETVUCYCUNES- A long-acting formulation of o\y- 
icUaeycline (LAftflO) is useful in prophylaxis of 
bovine Bub. diverter ur infection if 20 mg/kg BW is 
given IM every 4 days for 3 weeks after fllpoeufc; 
15-1 Cl mg/kg BW given IM every 4 days causes mod¬ 
eration in the clinical signs fKulller I^Hlijt. Chlortelru- 
cyditt may be effective against Bah. etfui iftfectkn in 
horses if 45-1,6 mgAg BW k given IV daily for 
duys early in the hrisctiofl (Kilttkr 1988). Doxycydiif 
is effective at pnvntim clfaucal ftrA canlr infections 

in diigs if given m LO mg/kg BW twice daily for 11 
days (Vc ream men ct al. 1996 k 


Tbrilniflu. 


TMkrinki is u severe disease «f ctHk 


in Africa and is caused by ffnfjforui /wnu. Several 
Thibria spp. Infect wild ramtauuti in the UiJled 
States, but none of these causes serious illness. 

PftrveqilOitt (CIakqo) flUbk 49 . 4 ) i-s given IM 20 
mg/kg BW for a single trwimeot and is cumin for 

T^ii-rI™ infection ill cattle- It Kb on the macro- 
schizcmts and intraerythrueytk" piropbsms. 

B uparvaquonc fBulaieal (Table 49.4) it given IM a( 
2J mg/kg BW for 1-2 uuounti and is curative fur 
TheiitriQ intoMtt in canle. it acts un Lhe micro- 
•dusenb and intraerythrocytic ptroptanas. 

Ilalufugimme is given orally yc 1-2 ing/kg BW r for a 
single crcaimeni and is curative Few ThetitrU* infeetkau 
in ciiltle. Al 2 nigAg BW transient diarrhea may occur 

Tetracyclines can also he used to treat UMirk 

" l « 

infccltons in cattle but are less, effective and must he 
given in large dose* early in the infection and used for 
longer periods of irealment. 


Cytuuuuuiws!!!. Cyimix&Km fttis infection in cars 

lire treated with pwHpHMH IM or ST at 10-30 mg/kg 
BW daily fur 2-3days \ (tier 1990)- However, only 2 of 
IK treated cats survived, indicating that C. jet is is less 
sensitive to this ^igenl titan H the Clltle IWIWfl spp- 
Bupiirvaquoiie is mit effective against C jWw in cals 
when given IM or SC at 10 mg/ig BW daily for 2-3 
days i K.ier I99C*), 


PHYLUM CILIOPHOKA- THE CILIATES 


tflumoe binary fission, and most fonll cyst stages. 
Biihmiidwm mb’ rarely causes Cl disease in human 
beings, non human primates, pigs, and dogs. Metronida¬ 
zole and HncydiiK are active against BaL eolL Ral'wi- 
liiiium ct?ii infections in human beings are treated orally 

wkh 500 mg letnucyuline 4 times a day for US days. 


CILIATES 0¥ FISH, dilates are the must important 
peittkes of farm-raised fish and include Il*e well- 
known IttktkyopMjius muhifiluM, ihc causative ageni 
of M ich w Of “white (pot" disease. Other important cili¬ 
ated include spp. T spp., IW- 

cMw spp~t, and THchophfm vpp. Itiese prutoi bOAU 
infect the g ills and ski n and cause respiratory pniblems. 
The agents used tu treat fish pnUcujcNuis are limited 
because of the lack of Approval Formalin l'FtHTnalm-l , ' I 
Riraeide-F) is approved for use in commercially reared 
fcKMl-lish- Water OOOdhkns and t beniisLry as w-ell as 
host species are imptsfrtant ctmsidenitiuns. Cupper sul¬ 
fate cun be toxic in acidic water. 

Rirmaliu. dye^. (Dutechile greea 8 melhykoe Noe), 
and sails are used in the treatment of tchth srtpthirius 

infixtitMU, and many of these treatments arc designed 
to kill stages in the environment ttomiles) -and do not 
directly kill intrtudeiuial or inLralumciUir stages ftropho¬ 
zoites). The external mucus layer of the fish makes 
penelraLion of Ehese ugenLs difficult. Tnr-uliiienl regimes 
that are effective tor tcNkyopMriiu are -iilso effective 
fur mher cdiales and many llagelkiLes ivloparasitic on 

fish Formalin m u^hJ ;m 200 iifcg/l, in u h;uh (or I hour 

or ul 20 nif/l. for 5 days. Malachite green is used at 1 3 
mg/1, in a haih for fi-24 hours. Methylene blue ss used 
ai 1-3 mg/L in a huLh for 11 diyiL Fotashium perman¬ 
ganate is used ut 4 mg/L in a bath fin JtiMrfI minutes. 
Sodium chloride is used at .“Hl.tKM) mg/L in a balh lor I 
hour for ^ days. 


PHYLUM M1CROSPQRA 


The phylum Miem^pnra \\ made up of a group of oblig¬ 
atorily intracellular spore-producing por-usiles that have a 
direct liie cycle. They me important padiogens of imculs 
andeukued fish buim- oflsiile importance invecatnuy 

medicine, tju \tdi$ r r;;t #.ira 4 uniftiL iKcasipTinaLLy causes 
central nervous lynevn ain 1 renal lesions in laborattiry 
mhhics. [L can cause Leiulral nervous system disease in 
young dogv. Several new specks of this phylum have 
been raoogni-AxI as causes of ocuLur, pulmonary, biliary, 
iin^Minul, ^nd nmscular disease in human beings that 
hitvg AIDS Alhenda/ole given ul 4110 mg twice daily for 

3 weeks has been ihown to dev Ehctpk mflrrtftwfti 

infociiLms in huinan AIDS patients (MoJma ct ul. I WKj. 


CILIATES OF MAMMALS. Olivtu move by means 
of cilia. Ciliates of mammals arc generally commensal 
and cause little harm. Thoy reproduce AMUially by \ 
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Arthropods include u, lirgf and diverse group Of para- 
sj|cs of domestic animals, Parasitic arthropod* n-t vet- 
Eviuivy importance include insccls (Elea*, lice, flies) 
and iicunnc* (mines and licksI. IhhxIs not normally 

C-WWklered parasite*. such as blister beetles or iUHKiasid 

hugs, also may cause iirtlAlioo either by inflicting 
piimlul biles of by producing toxic subvlances Lhal irri- 
tare the skin or mucosal surfaces of animats exposed to 
■hem, Mechanisms of eciopuadlediftduccil diseases or 
means by which parasitic arthropods affect aniniall 

health include 1 1) loss ofhlood. resulting in anemia, (2) 


physicall diimuge and irritation to skin and hide*.. (3> 
allergic reactions 10 venoms dud logins, t 4 .i decreased 
resistance to other djaeateA, (5) reductions in weight 
gains, milk and egg production, and feed conversion 
efficiencies in food-producing animals, (6) reduction in 
reptocluction efficiency. -und (?) ififftsmisskvl of other 
disease agents (Lnnii 1986). 

Impacts of eciopar^itom me alto of economic ccmi- 
ccm to veterinarians, livestock producers, and pci own¬ 
ers. For example. mie estimate of annual losses 

imposed by arthropod peels on livestock, excluding 
horses. exceeded S3 billion <Druinmund el ah IfUKSh 
This estimate did ncu include the cost* of control of 
arthropod pesla. Another estimate predicted that tosse* 
from arthropod parasite* in the beef and dairy cattle 
production industry, combined with the costs of enrt- 
tml, would reach52 billion i Loomis I9N6). In the com¬ 
panion ani mal arena,, control of lieu infestations on pel 
animals and in premises is- estimated lo cost pel owner* 
in excess of $750 million per year. Given the ifiCffuMs 
in costs of animal pitxhiciicin and veterinary care, 
today's estimate* of ectoparasite impacts and cost to 

producers and pet owmers would certainly exceed chose 
estimates of more than a decade ago. 

ChemKlh commonly used to control external par¬ 
asite^ ar-e known a* eccoparasiiicktai. Chemically, 

they are a heterogeneous group of agents that art 
lhrough various mechanism* P Ectoparas iticidaI 
agents are classified on the basis of either I heir chem¬ 
istry or their mcchani’i-ms of action. The major group* 
of ectoparasiLtcides arc the pi ant-derived agents 
(botiaicals). the synthetic pytttdlroids, the chlori¬ 
nated hydrocarbons, the org»nophi>*phate*. the car¬ 
bamates, the formamidime*, and the miscellaneous 

compounds comprising the inorganic*, the growth 
regulators and development inhibitor*, and macro- 
cyclic lactone* (avermectins and milbemycins). Sev¬ 
eral of the new mi&cdlaneuus agents are currently 
entering the marketplace™ 

Information presented in this chapter will deal pri¬ 
marily with the chemistry; pharmacology, and toxicol¬ 
ogy of eclupariiMlicides of domestic animals, exclud¬ 
ing poultry. It is nm the intention of the authors to 
review the biology of ectoparasites. For those who 
require a review of common and important arthropod 
parasites of dflUBtk animals., rime are several excel¬ 
lent treatises to which we refer you: Suolsby 1982; 

Urquhari et al. MHfr; Bowman IW9. 
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TABLE SO™ 2 —^SyuLkctk* pyrrliiroid compound* 

ChcnuLu] 3 'iludc (h!nir|HrK';ih kmnuluh 

Name | MolcL'iiliLf v. Li^iic | C'lftsniBViil KLnu'inrv 


Alleihnn 


trjfluii 


inn 


2^2-dbnthy l-3-(2-nKthjp l»3 -pru|xnivl fey irlu-pniptuiLCJjrb«M.vhL 
Add 24Hdiyf-t ■ci*i>T<2 •pnipcnyi)-2 d CViLl<i(H i nlciil--l- a >'l esler 

[30240j 


3 *i2,2■diLhlun'H.'LhEniyl ) 2,2-djrnclhy kyL'h9finipiiii?-v:iiiKix ylie 
flfid i , >fifhiJl4-nuoro-l-[*L 1 fluXypllCllyl.l-flk k lh>l LsUrr 

<C^H l Jd 3 PHO fe ) 

“ {434.291 




Cvhahdhri.il 

■ 


C~ypurniellirin 


I'ens'jleralc 


(Vnncjhrin 


ReMncUirin 


3-t 2-dihm^ Jt*3-3 ■Irirtuum- L- pnifwny 11 2.2 ulimqthyT l y l Ikng- 
panotiurhusylit mriJ c^uniH 1 - ptiunnxy -fihrnyl invtlhyl cMfl 

FM) 

(444.tt| 


3 (2.2•dkhlnnwiiic'fiyl >■ 2.2-dimcthy ylit- 

ul'mJ --irvunttf? - jihe™^vpliifflvl >■ rtHjthv] Her 

I4D*.J0| 


J-chhsns-w-* l-me lliylclhyl HmzEmoctK ac id 

pIviKiiyphuny I Iwlhv) l'sIct 

(CXONOj 
‘1414.921 


3-f 2,2-dich karaxhctiy I jh2.2-dsmc?hy K^topropBMHafbM 
ACM (3-plunuix.yphuny I Imelhvl -tfs-le-T 

&5T.291 




P-f phc-uylineihjr I ^fuiq I liiuiliyl 2,2-d:ttmiJiyl4* 

(i^fDcnyf-l-prcspcny I IcydopvuiHcuitwsqfr lute 

(CjjHjOj 

P3B.40I 



Pyrelhmids are ctasified «she basis uf symptoms and E 
neurophysiological d&cU lhi mr^ei orjanhiu (Gam¬ 
mon rt jil- 1981k Pyrcthmids wlnH actions result in. 
rapid onset of hyperactivity and ropes iiive Actio* pofei- 
(ial* are type 1 compound* {e.g., popKthrin^ 
KHKdkrifk). Tbc« whose lethal effects are observed at 
very Low dose* and with few behavior changes are clas¬ 
sified m type H «nq»uiidt hovtluue, typer* 
mechrim Hajt I986 )l 

Toxicity. Pyrcthrin* aiid pyntbnUi are imiHj ifc 
safest of the ectuparasilicidcs.. The select ivily ratio cif 
the pyrethrins and pyrethnuids, which compares their 
toxicity in mammals let their toxicity in Insect*, gener¬ 
ally exceeds 30tX> (Table SO. 14). In- HOtm, agent* 
such as the organoehloriiies. orgaaioplwsphaies. and 
carbamate*, hnvc selectivity ratios of 100 Of teas. 

Mechanisms of toxicity of pyrclhrin*. ad 
pyfethneuds in mammals are similar to those described 


1 for insect*. As a result, clinical signs of pyrdhrifi and 
pyrelhmid toxicity are exemplary of nerve aJid muscle 

disorders (Table 50 . 15 ; VaJenline 1990 ], Clinical xigns 

in mild-ly affected dogs and cats include hypersaliva- 
tion, vomiting, diarrhea, ailkl hyp c m ci u hil- 

ily, nr depression. In severely affected animals, -signs 
include hyperthermia, hyperthermia. diisorieniatiwi. and 

Kiflia. The period of ouBt of clinical signs varies 

from wvml to many bourse depending ™ the agent 

lend route of exposure, 

AlJ .fcTHRlN. Alkduid is cme til several first-genara- 
liern pyvetfvokk; another is resmethrin. Allcfchrin, a 
mixtm of >-e Vtfll isuiners. li a clear, ambcr-colored, 
viscous liquid that is Lnsoluhle in w-ntcr hui freely solu¬ 
ble in aJcnhnl, The acute oral LD^ value for alletlhrin in 
the rat is greater than c Jt )0 mg/kg BW r The thiers of the 
naLural. dextrurotuLoty (|Jt)-/nw^firyilllAcak acid 

arc known as hioiillcchri-ns. In shampoos- Car control oF 
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fleas and ticks m dtog*. d-fnmr alleHarin u lhe active 
iundioL 

a 

Pe-.RMETHRDN. Permelliriii 6 a Lhird-generalion 

pyneihroUJ. occurs etcher ns a colorless cmtulline 
powder Of u> a pale yellow, Vistula liquid. Ii is a iiiia- 
cure otf trms (60%) and rls (40%) nomen. The acute 
oral LD^ value of pemetfarfD in ih* rat i* 3800 mg/k| 

BW. Permethrin in a widely used pyreihroid. It is an 
active ingredient in collar*. sprays, shampoos, dips, 
and topical ir-LmcenLrales I or cuntrol of fleas and ticks 
on dogs and cals: in sprays, dusts, roll-ons. pour-ons. 
and car Lags for control of Elies, lice, licks, and miles 
on e^ulc: in spray* and pour-ovu fot control of flies, 
lice, ticfcl, and keds on sheep and goats; in sprays, 
points, dips, and dusts for control of flies, lice, miles, 
and ticks in swine: and in sprays, wipes, and dusts fur 
contra] of flics and ticks on horses. The superior sta¬ 
bility of penmethrin results in residual activity of up Lo 
2M days lor some formulations I MacDonald and 
Miller IWiftp. 

FENVALERATEt Fetivalcraie, * type II pyrethroid, 
occurs as a clear, yellow, vucoui liquid, wiih an acute 

oral LD^ value of 45 L mg/kg BW in (be nil. FenvoJer- 
ate is the active mgrcdienl in ear laps fore mum I of flies 
on eallle: in sprays andl pour-ms for control of lice und 
ktds on sheep and goals; in sprays and pour-ofli for 
control of lice und miles mi swine; and in sprays for 
control of flies, hoe. and licks ora horses. 

CrnKMBTHUTI. Commercial eypcrmctlLrin, a vi.v 
COtU scmisolid material, ii a mndm of eight different 
isomers. The acute oral LEL value of cypeimelhnu in 

iIk nit is 250-4123 mg/kg BW, Cypemeduui is com¬ 
bined wiLh v'horpyn tins us ihu jujCivit ingredients ill e;M 

lags tor control of Hies and ticks on cattle. 

ZliTAMIITIIR.CN. /ctamethnn is bela-cypcrmelhrin. 
Zrtamcthnn is Wty s-imi l-ar id simclUre I” cypeiTOfr- 

ihrin. However; its oral LD, Jt (106 ing/kg) is less, than 

dial df cypHlKiML Reti-eypcrinrihrin is the acLive 
iligredwnl in car tags for Ihc control of horn flies, face 
flies, sicks, rand lice on cuttle. 

RrSMirTJCRIN. Resmelhrin is a WftXy,. while to Isin, 

solid aikaierial. with a chiysanihemum-Nkc odor, [t is 
insoluble in water Nn nodeflltdy soluble in kerosene. 
The safely of resmcihrin if evident in ils very low 
mammalian loiicily. The acute oral LD NI of reflnedlriA 
in Lhe nil is m fllCffi of 4000 mg/kg BW, The activity 
of resmelhrin is not enhanced by synergists. Ii is ihc 
only active ingredient in sprays and shampoo* for con¬ 
trol of fleas rand neks cm dogi and ©ite, 

A Cyhaluthrin. A Cyhakuhrin is a while, odoriea, 

crystalline solid that is virtually insoluble in water Ils 
acule oral LD S , value in ihe rat u 50.8-753 mg/kg BW. 

A Cyhakttmii is the active ingredient in tar Lags for 
control of Hies on cattle. 


Cyfluthun. Cyfluthrin is a fkHkuteri p y redwid 

that OCCUR as it yellow-bnswn oiL II* ACUtC oral LI > MI 

value in the rat is 500-800 mg/kg BW, Cyfluthrin is the 

:jk 1 ive iq|Kd(nt in car lugs for COfltiTCrl nf flees anti 

ticks Lvn cattle. 

Knit 1 none. Rntcnone is on eat roet of certain plants of 
the gemts Denis, principally Derris tffipiict ?. Ii is-also 
known as denis rotH. Cuba-rool. and uker-lubu. The 
eMrairt is a white, odorless-, crystalline material ihal is 
insoluble in water but is soluble in litany organic sol¬ 
vents The acute ora] LD^ value for roteme in die rai 
is 132-150 mg/kg BW. Ii exfltc iis effect* hy inhibiting 
the target ectoparasites" respiratory systems, spceifl- 
eally nicotinamide adenine dinuclcoflide (NADH) qxi- 
datinn and subsequenl generatkni id' adenosine Lriphus- 

phale (ATP!i iFukami 197b), RotHHU is mure OdUtic lo 
mammals than either the pyrethrins or the pyrelliroacN 
Nil is still considered safe for ute in dig* and calx 
(MacDonald and Miller l^8b). Ii is prohibitively toxic 

to swine, fish, and snakes and should not be used on 
these hcssis P Runniing is an active Ingredient in vat 
drops and dip* for control ol'llcas, lick*, lice, and mite* 
on doRs and cats (Table 50-9), ll is sximetimes tiarmu- 
lait'd with pyietfuiu or syntTgtsis to poteothlf ii* 
ecLopanisiEicidal activity. 

4f-liimoneiie nnd Linahwl- Limoncm and Ihulod ;ltc 

Bunuml iitectkiib] prodacti fmtnd in ihc volarilc oil 
cipfTiscd from the peel of orange* and other citrus 
fruit*. A mqiK)Uipenc« rf-limonene is a J'a*l-acling 
ageni, immobilizing insects within minutes of eatpth 

K«in. B r The- vapors of ri-limi&nL'nt* Laru Udk tii> LargeL 

ifHHCfti; hence, dir-eci conuLci wiih the inscei is unnec¬ 
essary for Ihc ageni lo exert its cficci. J-Umonene 
mpuHH completely from treated iinimnK kivuq no 
residual insecticide on Lheirliiui ct^ts ]j is ^ infitt- 

tiside. flUnugh (onicc«G have h^n reported ra eais 
fi4low i rig ii* use (H** >ser I Wl, Tablc 51). 3 5 j. The vote 
oral m v value in (he ral is greater than 5(K>U mg/k .15 
BW. ri-l.imnncnc and linalonl arc acLiwp ingredient* in 
spray*, shampoos, and dips #Wcontrol of fleas on dogs 

(Table 50.9). 

CHLOftlNATtl> UVDftOCARBONS iO KUANO- 

(. n ElLOR[NE.S|L The term “‘chlonnaled hydnxarbofi 
insccLicLde"' connote* to many a sole agent with a hisluiy 
of cofiliovTcrsy.TtKit agent of C4UIK ii dklltorodlphcnylh 
iriehlcwoethane, or DDT. Few can forget Rachel Car- 
son’s I9b2 book Stiw rJ Spring, nUch iltitutcd wick K - 

vpre-iid discus-viou on lhe eihumriiibeiitul prublcnis 
assricLued wiih ils use, In reality, widespread resistance 
lo DDT probably cofiliituLed av much to ils decline as 
did it* persistence in lhe mviranoKOL Ac the heighi of its 
produLimii. 400u000 tiw* of DDT were used mnuaJly Ln 
worldwide pest control progejims 
T~he chlLsrinaEi'sJ hydroatrinn are divided into foor 
chemicaJ group*: Lhe DDT' group*. Lhe dieuc 1 - 
organtJL’htonne g ntiup. Lhe he \ k hloncyclobex ant 
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Table 90 . 4 —Orpunuphtwplliilt nitipwinds 


N.lttv 


ChnvUFftl ri|inv (Riuprincnh fcmiiii |;i |i 

[Mn|ft al*f weigh r| 


Cbencal stmctm 


OUurfluu 4iiif5tii.it phuKrtioriH.' kU 2-ddwo- M 2.4-diklil4Srt»fhf ny \ i-cihenyl 

UltI tivl usLer 

«c^JD^Djn 




A1 


? 

CC 3 H 5 


Ckltftjftibi 


C3:PIJElkJ|jlHl!h 


pliLihptiLimlliHni: ulhI 0,1 l-dlrlhvl O j3,5,(vEnt:lilLim 2« 

p> ridim 1 1 trfcr 

ICAAN0JS9 

P«L571 


pJms|5liLirLiih*i?iL jlhI C.)-i;3-i:M4iftv-i-ntli_vl -2-oio-2H-r1- 

baapync-7-yD O.O-dklliyl arter 

K-. < N lf no..PSi 



ON ^ 




I 

OC_M a 



L*ILL.'llfcH 


p hn^hnw iiote jl'mJI O.O-difihyl O^HHtkylrHl -OBtliyMqrl) 
-4-|ivrifnicliiwli| cvtCT 

(C^jH^NOJS) 

I304J6J 


■wtr 

CW.Ot]J- 


Ih^hkirvu' 


Blwplwric m-id 2,2-^iCllkiAiclhciftyl dilldtfhvl trfirtf 

tcjippjft 

pjfiwt 


? 


>-c;; i," ’ 

H 0CH 1 


hJcruii im 


C 3,0,1 >..4 JMi/ErmHihy | N,.S-ikiL'Eliylvrir btipfa itfihi limliilm'jiL' 

i CH,.O^PS 4 i 

j m.w\ 


C?H 9 0v 1 1 

CjHjC? OC 3 h 4 


Mjmphiir 


pluH>.p4iLirulhiriiL jltlI <}-[4-(4d]rtiLihy l-iunniu 1-MilluhvJ | | ■■ic nt1 

(XO-diudrrt UtBT 

I3S.36I 




■a 


tv-t-oc 


Ac 




r-crilliHwi 


M.i .. 


ptuftphLimLliinii: uiniJ 4 It) Jiiiiulhyl iJ-1 3 ■ irackvi- 4 
4 Dri^MinJplujil] otar 

■"* ''I ' 



e|mk^v |Y(KKptiiiiiiltlui | yi! i|hto| hlUil 

1CJW*) 

1330.36] 


iMiwfc dieihvl € % i er 



fi riRriltlirt/) 
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CARBAMATES 

Chemistry; Early carinniace insecticides were deriva- 
[ives erf diihit*-uf foam k acid. Continued! develop™ni 
led So the synthesis, of the substituted-phenyl 
monnuielhyLtaffbamates.. several of whkh possessed 
es.ee I lent insecticidal potential, A major milestone in 

insecticide chemistry was achieved when the melhyl- 
carbamates were successfully synthesized (Kuhr anti 
Donwfh 1976). Thousand* of melhylorbiimLLfc* insec¬ 
ticides have been synthesized* although only about a 
dozen have been devdopl successfully as- commercial 

agents tlvie and Rowe 19B6), 

Mi't iianivm of Action. Carbamates inhibit the action 
of the enzyme AChE in a manner somewhat different 
from that nf the organophosjjtiatcs. Cnrtmnuites com¬ 
pel* tor enzyme-active sites utilizing a process known 
as curhamytalion. a reaction that blocks the action of 
the enzyme without changing it structurally. When the 
bond joining the carbamate insecticide mid AChE is 
hydrolyzed, the fully active enzyme is released, Carton- 
mule agents are considered slowly reversible inhih-in.*rs 
of AChE {Pikes 1990), This temiinnlngy, as discussed 
above with the org an opb mph a Ik, is sumewhiU mis- 
Leading in that the carbamate agent undergoes hydroly¬ 
sis during the reaction. Troc nveniblc inhibitors arc 
rm destroyed during their reactions with target mole¬ 
cules. Regardless of the mechanism of inhibition of 
AChE. the effects on large! organisms and signs; erf tox¬ 
icosis in no merge! mammalian hosts are the Mime. 


Tcixk'ily. The nature and seventy erf carbamate-induced 
toxicosis are quite variable. LTianicterisdcs and severity 
depend upon the carbamate agent involved- its mute of 
exposure, Us affinity for AChE. and its pharmacokinetic* 

in die fowL In general, sjgra of icixkosjs .and imerven- 
1 1 11 nyI strategics are similar to lhose discussed for the 
(.wganoptu^sphales i Table 50.15). 

Curliaryl. Carbary] occurs -us a white, cryslatline solid 
malerial with an extremely tow solubility iri water 


iTable 50.5). However, carbaryI is readily solubilized 
in nonpolar organk solvents. Its acute oral LD.^ value 
in the mi is 8541 nig/kg BW. It is widely used in prod¬ 
ucts for control erfectofwmites trfcompanion animals.. 
It is the active ingredient in shampoos, sprays, dusts, 
and ear drops for control of fleas* ticks, miles, and Ike 
on dogs and cals, Carbary L-CMlainingt products also 
often contain ntganopbpfipbatea, pyrethrins, syneagists, 
nr repdltnla |o enhance 4heir a-ctiv ity and effects (table 

50.9), 


Prcipoxur, Propoxur is- a white lo Ian. crystalline solid 
maurial (Table 50.5). Il is virtiraJly insoluble in water 
hoi is readily soluble in polar organic solvents, The 
acute oral LD W value of propoxur in the rat is 100 

mg/kg BW', Propoxur kite active jngredieni in flea and 

sick cottars for use on dogs (Table 50.9). 


FORM AM I DINES* The formamidiirc^ arc a novel 
group of aciuricides, Lhat exert their effects in part by 
inhibiting the enzyme moncwiifliiie oxidase. 
hSoiHUittiiK oxidase is responsible for metabolism of 
TKiiroiTunsmilltr a mi ftps present in the nervous system 
of suseepi ihle licks and miles (Atkinson el al. 1974). 
Treatment with fcmnamadincs leads to detachment erf 
bkod-leetling arthropods (Stun* and Kikvwle* 1974). 
Amilfaz in lire only fonnaniidiJK: «cioparasLticide etir- 
renily used in veterinary medicine. Amuraz (Table 
50.6) is a straw-colored. crystalline material, slightly 
soluble in water but freely soluble in must organic sol¬ 
vents, The aeuic oral LD H value for amilraz in the rat 
is BOO mg/kg BW'. Amitraz is the active ingredient in 
dip* and collars few central of miles and ticks on dogs 
{Table 50.91. toxicosis in dogs following uvflMposufe 
to Liquids (dips) or after consumption of colltfl has 

been reported (TaJbfe 50.15). Lethargy and transieru 
sedation are ihg signs iftost commonly aMOtiai&d with 
EiiEoxie-jriCHi. Anucriiz is also the active ingredient in 
sprays for ennlml of lice, ticks, and miles cm oicle, arid 

in liquids for die control erf Ike and mites on swine 
(Tables 50,10, 50,12). 


TABLE SLMlsirliiwmte compounds 


Chemical mm (Enpukil formula) 
Name [Mokcutar weight] 


Cflitmryl 


t - fi_kp+-irh.i IlthiI meihv IcaftKunnce 


Pmpnx ur 


2h Lmrlhyledtoft) tofcnol mAhykaihamite 

[209.24] 


Oiemwal structure 


? 
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MUEMYCH OK I Ml 1 .. The mUbeuyeku are Ifi-ttKttt- 
befed ntacrocyclic tactow that w vLrtJcturally similar 
to the IWUKCdUi They differ in the absence df the 

duKdtiride ubctrMeU ai carbon I 3 t Table 30.7). The 

BCto p MBJtlCfdal p rop tltki of ihc milbemycins 

were actually dwmnd before thoce of the aver- 
mec tiiks (Fisher and Mmdk 1989 k li wu Ibe later dis- 

covery -nr (he mnueuiu' anthelmintic properties lhal 

tod t« ihcir development as pajasickidcx. The oxime 
derivative of milhcmyein is currently approved ami 
marketed for prevention of hcanwLHrm Imbcdfl and 
control of major mlestmal nematode infections in dogs 
(xt Chap. 47). Lillie published informal! tin is avail¬ 
able regarding ass. efficacies againsi Kfopomltic 

ujilunpiDd-s. One thcrapcniic arena in which mUbe- 

mycin oxime is receiving considerable aiEenEiun is in 
the treatment of rccak-ilram generalized. demodierisrs 
(Miller and Scott 1991: Kwuchka 1993). Data suggest 
that in eases of umilraz-resislajil generalized deinodj- 
cusis in dogs, daily oral milbemycin oxime therapy can 
he effective in ameliorating clinical signs and in eradi¬ 
cating mites.. Miller and Scott (199t) administered 
milhcmyein oxime daily al 0+5—l-0 Tnprtcg BW tor a 
minimum of _WJ days or anfal miles could not be 
demtHistraied on repealed skin scrapings. i 

wax then confirmed bra additional 30 days.. In a sim¬ 
ilar sludy (Ketdy and Garfield 1991J, sncccHsfui Ireai- ! 
ment was apparently ac hieved in over of Lbe ircai- j 
men! subjects. Un the basis of results obtained Ihus Far. j 
il is likely llial 50- 603- of aihiniuK with amitnLz-nesist- 
ont demodicaiu will nepood ptvdijvely Do treatment 
wilh mrthemydn oxime (Kwochfca 1993). As staled 
above, ivormeciin is also efTcciive ajftiiusi ilenmilic:LM.ih 
and also should he considered in case* in which ami- 

tm is meAectTve. 

DoRAMEirilN. Doramcctin 1 Tabic 50,7) is also a 
member of [he avcrmcciin dn of compounds. It is 
more iM-Ctualely described as a mutational biosynthetic 
agent. presumably because il is a fermentation product 
obtained from a muuuu htrain of Strtptomycts Avmi- 
iilis. Nonetheless, much of what was stated for iver¬ 
mectin will also apply to duromectm. One distinct dif¬ 
ference between Ivcmcctkl and dorameclin til their 

different ^laanYi^iMjsin times. Dtnmectio has an dknh 

fiaiion half-life ihm is approximately twk( ihai of iver¬ 
mectin. Dciramcefcin is the active ingredient in both 
injectahte and pour-on formulations for control of 
grubs, males, and biting and sucking lice U cattle 

(Table 30.10). Doranwclih is also the Active ingredient 
in an injectable formulation for use in the eouirol of 
lice and mites on swine (Tabic 50.12k 

EPKlNOMEiCTIN, Lprinomeclin ( Table 54>.7ji is anoLher 
representative of I he uvermeclin class of molecules. Il 
is a mixture 1 if semisyithcsic us^rnmecLiiis and is com¬ 
posed of greater than 9051 of component Blu and le*s 
(turn ID# of cwqnaan Bib. Its incch&niMii of action 

is. similar to fci dncrfbed for ivermectin, F.pri- 
nomectin is a crystalline solid with an oral l.D f in mice 


of 24 mp/kg. Eprinomectin is [he active ingredient in a 
pour-on for control of horn flies, grubs* miles, and bit¬ 
ing and sucking linofcatlto, Epriiinirieclin has a very 
brcujiJ spectrum of activity and is unique among [his 
class of compounds in chat il has a m time with¬ 
drawal for meat and milk. 

Mdxidectin. MoxidccUo (Table 50 . 7 ) It the 

meLhykixime analog of ncmadeclin. It siruciuftdly 
more similar lo the milbemycins than eo the avef- 
meclins. allhough iLs spectrum of activity is isimilar 
10 other endeemeides such as ivenm^Lin. epri- 
uomcciin, and donnectln, Moxidceiin is y producl 
of StrtpioMjca ntmcynogemt.%. The marketed prod- 
ucl represenl.s a chemically altered version of the nai- 
unil product. MoxidecLin is the active ingredient in a 
poui-on fur use in catlle for control of horn flies, 
^ruhs, miies B jtiisl hlting and sucking lice, and in an 
oral gel for comrol of stomach tuts in horses 1 Table* 

30. m, sa 1 3). 

Selambcrn. Sefamectin is a new smisynibetk 
avcrmcciin compound derived by modificaftioA ul a 
precursor ax4«le produced hy fermenlLilkin of a new 
strain nf Streptompcts mmitiUs ITable 50.7). As 
menBioovcd far cylhcr avcrmcciins, ulaaierfio induce* 
muscular pamlysis in Eargec parasites by mudu lasing 
movement «f chloride kAt Lhmugh membrane ilhi 
channels. It rcmaiics anreMiiLs'ed m In whciher nuidula - 1 
tiem of chloride ion channel function is a GABA* or a 
1 glutamate-mediated event, niarmacokinetic^ data indi¬ 
cate itiat selamcctin enters the vascular compartment 
fbttowing Upinl administratino. The cstuntod lermi- 
nul-phusc half-life folluwinp topical adminiMratinn 
was approximately I I days, in dogs and S days in cats. 
Since thiv was substantially Longer Lhan the cpbscrved 
half-life following iniiaveiwos administration, it 
appears as ibtujgh selamectin Is anilinuouslly ubsc»rbed 

from the ikid and subculKHHS tissues. Sdraficdn ix 

the active ingredient in a 65 t or 12^ liquid (ipot-qn) 
for amLruI of ftoa, lick, and mile infestations on dogs 

am) ob (Table 50.9). 


SYNERGISTS AND REPELLENTS 

SyiKTgjlMa- Synergists (Ikbk 5a8)«huce ihcactrv- 
ity of ecioparasttleides hy inhihlcing oxidative and 
hydrolytic enzymes respKmsiWe lor their degradation. 
In so doing, synergists putcnliale I he activily of the 
Kthtt iiigredicius and extend iheir peril kK of knock- 
down. Synergies ikk only improve the performance uf 
active itgimis Nil abo permit their liKOtpomlfon intLii 

formulations at lower rates than would be required 
wilhout synergism. In addtLion. they are generally less 
toxic than active ingredients, thereby improving tlk 1 
safely of fomiulated pfoducb Synergisrs ^ire «Nn- 
iiKrnly emptnyed in pcoducti cwluhiing pyrethriu, 

synthetic pyrethroids b or^anophosphates, chlorinated 
hvdrocarbnnH, and caihamates r 
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TABLE 50.£—Eelupuraiilkidet: for use on dugs and cuts 


ConpouHHfl) 

Mutated fommlMHiits) 

TflffllJpSi 3nimal(x) 

l arg l- c fiuidti Ui 1 ) 

ii imn r All ufcIfaiin 

Shampivv 

Dot, cat 

Flcu, ikfci 

i vi-mu Ihrmuljlinns 

caaria PRO. MGK M# 

nr -humulhrin} 

Amilra/ 

Dip 

Dot 

,Mto 


CoUw 

Do* 

Tfclfi 

Efcanyyl hcn/iuile 

Lptipi 

IXijr 

Mi in 

Ciufrufyl (hh fbnulidou 

ShunpoD 

Dog, cm 

Fks, licVs, itliHfHW 

entail] mctinxydil^ 

Spray 

Dog. CM 

|X'.hJik i:i cbim efficacy 

I’bCJ. BPQ*, hftGK 3m 

Dud 

Dog andAsr cut 

+j|jfin'll lice; ir ipedfic 

■nd/nr nudnin) 

Far drops 

Dog, ctl 

1 :r>. hJ lk' 1 LaJx.’b) 

CklofpyruH (wu 

3p™y 

Dog 

Hcaip lk*a 

fimmulatkins lamlam 

nip 

IX.g 

Hho* fitlis, nitci 

rtK’ilkipmw l J BO. 

Cbl In/ 


Pkn. ikfct. MfhDra 

pymLlirins, <k MGK 264.) 

.Shani|H.K> 

Dog or car 

Fleas, ticks, mitt* 


Strnui (for back aid chcsi 

sLrcaL tFuarifitenii 

Dog 

Pkm 

Diarinm 

Collar 

Pdf or cat 

I tem ticks 

Dkhlnncis 

CliLIuj 

I Xig yr Lai 

i II M m CK k -. 

Rpnnll 

Liquid ispoiiaij! 

Dog p cat 

PlUL ticks 


Spray 

Dof'Cil 

Fleas, mm 

Inkidiidoprid 

Liquid (iprt-offi) 

cal 

Wkm 

Umoiiev • mhix' 

Spray 

Dog. cat 

Fka* 

frfmulajiUv]!' cuncain 

Siunpoo 

Dog, cal 

flfa^ 

Uoaknll 

Dip 1 uIm.i may 1 h_- a l 1 ik'-ii in 

skupn) 

Dog, cat 

Flea* 

l.ma.luol Ivhik Ictnuu IjIkwis. 

Spray b 

Dog, cat 

Fkas 

COHlun iM interne nr) 

l-iiidai'H: 

Dip. spray, toaUi 

Dog 

Fleas, tick*, Ike, mite 

UAflun (iboconibificd 

nKct 

-Cfll 

Fk4* 

W i L1 l rlLiLhtrm Vh.hi i i i I i l 

Stix-itiomh JibflctaUe 

Cat 

Fku 

for dm) 

Mikthkn 

Liquid! 

Dog* cat 

Ftetis, ticks, Imx 

MdllLipTL’IK CHirilL" 

Cnbr 

Dog of cal 

.Fteas, licks 

formMJUMW attain 

Liquid (noHm) 

Dog 

PltiLS, tick* 

| til r i : i u 1 h r i a i. dhborjnTiNft i * 

tedacMcnriachoa 

MetfacHcych lor (me 

Powder 

Dog. cat 

FfenSj ticks 

liirmuljlmns attain 

Collif 

Dtt 

Flat, tick* 

cartwyfi 

HflHlfW (WK 

CnWi Spray, shamptXK dip., 

POf ur| d^ ,,r HI (SOt s]h:i.'i1k: 

Fofi, ticks (sCC h.-|m:l i1il - 

forma Mow ooatiin PBO. 
MC3K 264, MOK 32F. 

dfiaa Hue or topical 

c n nuenlrj .1 u {sixil +mi k 

product IjMs) 

proituci labda) 

pyrtlhrins. pyiifnnLyfcn 

or BPOj 

PhMDUl 

Dip 

Dog 

Ffeai,, ticks, miles 

Ftopofutr 

Cellar 

Do® 

Fleas, ticks 

FSmlifins (sou formulation 

Spray, ft-mm. dust, shampoo. 

Dog and/ui cat (nt specific 

Fleas ^ ticks, at nnte (bovik 

' CCOUflii TOO, MGK 2M, 
MGK 326. ft KG. 

pcmiLlhrni- L-jrharvl. Of 

ilip, <yr aar drop* 

pcodiu-L tithe! £) 

pmdiiLls L'laini} L'lficacy 
j£uiih lice, ace spec ific 

prfitlucl IlSIh: Ivi 

ntonc) 


Spray, cnllar. liquid flpdi.*aa) sl 

Dog nr cm 

E li'as ( eontii uat 1 oat may 

iLumhiiiL'd viLh pemialhrin 

in «ftun fbnnuuEHu) 

N trip on 


i nn crnl add.il iunal 

ectopanaidH-) 

Ki'siiiLtlmii 

Slininpiuu 

IJnp. uni 

E'Vjis, ticks 

R-rriCnnrv Csnmc fiirmiil 4 linns 

Ear drnn 

Dog, cat 

Mite* 

cunriuin pyrcUirins) 

Dip 

Dog 

E'kas. licks, lice 

Stltmcctm 

1 ji|iiiiI (spiri Lin) 

Dog 

Cat 

E'lcaa, ticks, iiiiics 

Fleas,, mite 


J PSSC j m psjwmnyl hiirinx ii3e i synciyixl l. 

h MCiK 2fr4 = .V-oClyl hk'YirlulK tiicurlKuuinidL 1 Isynargi-iN. 
■FtPf j « bulcix^-piilypnipylcrK gflyeoJ (RKlhrf)v 

J MGK 326 ■ di ^l-propy I i.sodnchomeftrfiaJW' (npeDioO. 
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TAB UK 50. LII—Extap* I'Ldh-i Lil-hU's IW IJ.M* 'HI riillU' 


fcKTlfHII in-dl S 1 

■ HH IB M M 1 ■§ __ ■ 

Marketed fcirmiiliiticinisl 

Vlq-lhrnfc nK pfvlicji 1 ii^n 

TarpcS pnattf i) 

■ ■■ wr 

Asnftraz 

Liquid. 

Spray 

Lice. Licks, miles 

CUtfpy^ifki 

Liquid 

Spray 

ScttWanMU, ear tkUtt 

Cldorpyiifn, dmamm 

l-Jir Utg. 

One up in cadi ear 

tkra ■flien.. fiaee files., mUa 

fii l"v. liuiiMj flics, |icc, Licks 

f i hi im upbi w 

Wicttlbk [HYU-for 

Spray« dtp 

Horn flies. lice, twin, pcuh*. 
WHM4RH, mild 


Liquid 

Spraj or dtp 

Horn fliet. lice, mile-s. ticks. 

unihs 


Dud 

Dux ha^C or shaker can 

Horn flies. face flics, licks 

f'yflulhrin 

Hjir I-aji 

Ok Up in cacta car 

Horn flies. face Hies. Cdf 

( 4uM licks, cur licks 

A CyhnForhrin 

Ear Ilf 

One up in each ear 

Horn flies. face FI ies 


IVmr-im 

Hackline IrcuJnicnE 

1 him filet, lice 

Cypcnorthria, dinpyrifoi 

linr lap 

Oik? up in each ear 

Horn flie*. face flies. Golf 

1 'cuul ticks, L'jr licks 

BehKypuiiiJliiB 

(utamfJhrki) 

E« ! *JL 

Otw tof in neb ear 

1 lorn Rkv. face Dies, licks. 
Ike 

Dia/imm, uMnrpyrifus 

Ear lay 

One luy in each tar 

Horn Aio, face flies, cubic 
fllec. hoaeflla! lice, tida 

DidJom (stinkC hs'iiJulJlii.Hh 

Ciirvliiin |ivFctKricis1 

1 _ i i-j u i <J 

Spray 

Stable Sites, lium Hies, 
hmi^niys, mii^jy ikies, 
puta 

lliflphen/urcm 

Bohi 

s hiiliiK per I.HXIIH 

if^'iTn ftjm, f«e flies, 
Ikiiucflics, MuJnk flics 

Dorvuctfn 

IrijerLablc MiJuhnu 

1iijh:l sdhcuLinbJiJsLy 

Grata, mites, baling and 


Pof-od 

Back line bcatnotl 

ncfcifii foe 

Epriflonedin 

PCMT-QD 

tidk-klnte taadnem 

Giuta. ntnes, baLing uiid 

nddflf foei born Oics 

hlhum 

Kur lag 

a n 

Offer lug in car 

ILhsii tliei. Sut'c flies, sluhlc 
flies, foe, ticks 

t*'a£il|»hur 

PilLSI^iJ] 

buck line crcuinicnt 

Grata. Lice 

Liquid 

Spray, spot-n, hackmfciber 

If^srn flie^. lice, miles, ticks 

f^pucEruni dfptntdh cm 

ftinmulniitwij 

ETnUiiiin 

PtlUT 4m 

llkivklui*/ LrculmcnL 

Lice, hum llius 


Ear Ujz 

Oiw Mijc in if-acli ear 

H^sm flies, face file* 


i .iw-vidunne piMir-np 

Spot Ue-ntmcril on the 
hdliiK 

Grata. Use 


Phar-on 

Back line crciimcnc 

Grata, lice 

F : cm iileruli! 

Ev l-ir|Z 

Oph? Bug in ejvh ear 

1 tism fln?A.. Iul'C Nil's, sluhLe 

flkm hn—fliai. ticks, lice 

bvtfditctti 

Injcclahlc mi4iiIh>ii 

InjOL'L MAffeutarlf'UUhLy 

tPruta. flulfh, sucking Iki: 


Pnir<n 

Badri inr treatment 

Grata. rniLes. bilinp und 

SLKking JbL'C . hMJTlI tllCS 


Sustained-release Mus 

Oral 

Grata, suckinp lice, mile*, 
tick* 

Liciial fct 

Spray 

Direct applicjutam l<i iflhfed 

alu 

E-iir Ikte, scie^wnrms 

Malashion 

Liquid 

Spray. bacfavUvcr 

1-hvn ft»i live, licks 

Mtftte ilo 

pHiMm 

Hup. kluic [rcu.lhH.iiC 

Grata, rtukrs. laijhg und 
sacking Iki:, hm ft its 

E *l: Ti nr U lt i rt 

Liquid 

Spray 

Hum flies, face flics, mile*. 

IlL'k.n. lice, t Ufliuut LilhLT 
flics 


l.iquiJ 

Spray 

Horn flics, bee flies, -jnhle 

flics, JiLirstflic:^ lice, 

Ibdou mites 


Wiritibic powder 

Spray 

Iffsrn flies, Iwe IfoS, siuhle 
flic*, how Flics, Lice, 

ticks., nkites 


Dm 

Dim:L uLppliLiUHrt 

H-orn flics, face flies, lice 


Enr lap 

Out or two iu 

Ikwn fliers fisce flics 

(feniTily i^o tags h Gulf 
( laoksl licks, L p jir licks 
(uime tug*, lies msl claim 
hom fliea) 


Hall -cm prLsbc 

Hall nn L» JilTercnrl body 

IW 

Hum flieA. 9ace Hies, sijhLe 
fiscs, hliifk flivs, 


Imutcllics, IftKllics 



ir 


V 
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TAHI .V. 50.10 —\ coni inind \ 


OCMOpOUifl) 

Mvtfwl hnunlidonfi) 

Method lHI uppIShULiiira 

Tjrjtel parasilgl.s| 

PfemwEbriiu cfckrfpyrifiM 

EtT lay 

i >ni. r nr (WO ta|ts 

1 Lim flies, lace flies 
i generally nvu lugs). 

i' ul {.'d-usI Lids, car Licks 

Pcfnicchfin 

Plmr-cm 

Badclme Lrrutmenl 

Horn flies, In fliev. lire 

PiriniLptinc, 

Ear la£ 

Cine*- tii|£ in l jhtK gar 

Heim Hags, l!agg flj^ 

TetraclilwYinplios 

Premis 

Mix in find 

Horn flies, bn fUo, 
hiMiHcflid*, stable fligw 


Wciuhlc powdor 

Spray 

Horn fl ics, lire, ddbi 


Dull 

DIM hap, sJialgr can 

flies, let, [Eire lilies 

TncfilurUm 

DuM 

Du*C hag 

Horn. fljESfc face fUtt, iLtLy 


Writable fHwdbr 

Spray 

Hlhiti Flics, 1 ige, lick k. 


Note: Some pn.HJuL.1h also may contain wnergish and/ur nrpirllcnLv 

Refer to label -Jjreviiofl:-. for eonaputmtL approved fur fcaetaLing dairy mk aibJ fof compound ^LihJru^'al period pranr to 
duffer 


TABLE 50.11—ops rraifi tides lor urn on sheep unri tyDBLs 


CMBpOWdll) 

M ar hrLed furfiwl ;i LiuiHv> 

Methrd] fuf appl lualHMi 

1 i*i— ■ ■ L p ara.i i Ltl s) 

PnmkvUe 

LhpW 

Spray, piiiu 

Lice, tads 

[wnoctlB 

Dvndi i Jn-qv oolyj 

Cfeil drench 

Nan] bots 

l.mclonc 


Liicrvl uppligalMHi 

Ett Ireks, bgrFwwnnns 

Hihdtto 

Ertiulutiahlc cuibj£ilfli:aAc 

Spray 

Lice, tads, lacks 

Permrthrin 

Liquid 

Spray 

Lire, Irek® (mu 

li.H'B'OuJuIu.s’is uIm* ulaul'i 

kCtnflJf ugailLsC heds m 

vara mis [Flics! 


Pour-on 

PVKjr-on 

Lire, kadi 


EddIhIUIc conccoftnflc 

Spray 

Lire, licks, Howflks 


Ni7Il b : Refer In label d ires: tin ns lor li impound 1 ) approved lor lactaLing puls and lur compound u-iLhdrawai pemxl prior In 
slaughter. 


TABLE Sii 12—FcUip#wEMcl(k« for m<t on mim 


(r<9finpMJDtl| ‘■h 

Marketed ionnu lalionl s i 

M^lhinL nl' jrppLiL'alHMi 

Taijg! porjuLrl s.i 

Amiiraj. 

Liquid 

Ears albJ h*.klillf irL'ainbeill 

Lire, iiiiliry 

OlUITUpJklS 

TXisI 

Sh Lii e r g:ui 

Li re 


Lh|Uh1 

Spny 

Lire 

UonunucEin 

1 i rijKs:La b 1 u Mtlulimi 

IiijclL suhL ulancuu.\ly 

Lire, mile* 

Fendiiffli 

PuUf-OII 

POKNU 

lire 

Ptmktm 

Liquid 

Spray. p4ar-4n 

Lire, mile^ lp<5ur-on only 
fm UobJ 

hmcctin 

Iff ink*table Mlutm 

1a|ch.( ikhna—ninlj 

Lire, miif- 


0.17 r y iisjreuWt: ttrfuboc 

l^jCL't ^ulXuVarkruaily 

Lire,, uiiLirs 


Ptie mix 

Mis with feed 

l ire, mile* 

Lindane 


Diireci apfliremon 

Ear neks, umiun 

hlulaLhion 

1 Jtfuad 

Spray 

lire, milt* 

P-cruhclIiriiB 

it iquld 

S-pc a y . ipainr. dip 

l.icc-. ikihid->. i Mrfiw 

JurilkuLiLiufto. jImi clann 
horn flic*, and Licks 


Du si 

IDirtfuC aqipEicalinn 

Lire (some fnmuilflrinrK 
also claim lum die*. 

licks., and miricx 1 


WctyaNc pcivvder 

Spray, rsainl. din 

H*.m fliei. lire. neks, miic* 

Te LT-ae h k H'y ■ i iphtjv 

^.-Liaibk pu*d« 

Spray 

Lire 


Piisl 

DimeE jfefffi 1 icjrt h□ n 

Lice 


None: Refer so label direction* lor compound friihdraual period jinur su ^biu^hirr. 
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TABLE 5(K 15—CHnkal signs mtd ineatweni of KH^rmhickk tondcnds 

EcbpruAcidc group Clinical ijgri& nF ins icwii 


I rLiilriviii 


CfefhmlEfl Abdominal cramping. vomiting. diontn. 

nnn-ijs. Jys|HiL'u_ L-yai'luvis. itiUwle 

twitching seizures; rarely leluy 

fulluw L'il hy wokims jikI paralysis 


Oilorirwtial Hqndmnrtnnh 


|Z-I iiiKHiL-nt.-. lllflaJk.ua, ltuiAc dints 

oili exbrncts 


Orifice cm be mjiuues todays after 

L'A|X^Urt\ Lliuallv MTVLFill It-.HJIS. sigifci 

ini. I jipprehon^ir.i!i. ea^pjieraied 
KOpM# lu >Limull, VunudlUi inus; le 
iwi&chiin^ of Face aad head lhac progresses 
posteriorly m severe la*M_i lu I ai i lh a** mid 
tremors; done and tonic seizures; 
elevated body temperature; chloriiiimiii 
hydmcjrhtinv ;ire skirvd in I:il; 
ilierefore. course may be protracted 
•iCau) Hyperulh'tiLtctfu auuua. and m \&ck 
bmun; hjpodkcrmi* in some uinuk 


Fomkirawliftei 




Latbarry, hypt ■il’-mnUhi. hypcvglyctmia, 

rm JriiiMs. Ikvpiilhcnnia, tiffed yeuidiii; 
iiij^i-d. vomiting, and driairhej have 

rin been reported 

Mjrjrarmflrr »livntion, IminuEiofl, 
diarrhea- abdominal cianiping. iriudh. 
pallor. i-yiiHKiSta eme^s 

jVirfAfiiu'c r IwlKhing til facial and toikeuc 

muscles pn?j; nosing lu ^i^nizrali/iid 

Kwiiuhifollowed by paralysis 


Cntfred mrmiu ryitfM? deprcHion, 

luiuui'L'hxiiK: seizures. JcaLJi b due to 

hypoxia firm respiratory muscle 

paralysis, hft m ehumm Lri c\k an. 

excessive pulmonary sccrawwis. 

]hjI ii 11,11 iajv edema, aiid brady list d.ia 

Pyrelhrios. synthetic pyrrthroids Duly j| very hiph doses; hryperaah ratoon* 

vniiiLhiiL 1 . diarrlx'a. alalia. C'ISS 
esntstinrk anti seizures. hypaMimiiM, 

hypothermia 

Rutemmc Monilinf, nausea, dtarrfieoL respiraloiy 

■sCnnaialKHi. cuiivalsiuns, h? 1 linvi:i!l 

by respiraway depression., coma. 

K>pu ahsrv failure and dcalh; in 

tinmans, comm mimnr dermatitis 


Source; Modified from Kwodifca 1987, 


Airopinc ratine: n.2 4 Jl 5 mgfkg in 
eflfcei t mydriasis and reduced 
sal isartkj«i> usually IMdure IV and 
. 1/4 SCnuns nee d m rej jI at 
3-6 hr for 1-2 days depending on 

rexpunve; 2 PAM t pralniHiiine I is 

eoBfaaind fca icd 

Lifwsix i may induce sen/uTts), gaiirk 
lavage; no specific amidote; seizures 
may K 1 c< m Inn I led uilh duuepain a I 
2 . 3 - 2 Q 1 mg IV as needed; barbiUuaic 

io eJTecI; do use pfi€rM^hia? i i.Ti«. 
because they hwtr seizure ihresliold: 

calcium ghieonoJc Iflrtl at 2-10 ml. 

given slw'ly [V nnd vir.imin B 
L\Kik]ites I w k> pfuiLvi liver fiiEiecion: 
clinical periodu 24-36 hr 
Supp.m:ive iberapy; wadi agent from 

hnirQiKd wiEh nmuJc'U'r^nrl , 

nonalcohol-cofiiaiiiini dhumpno; 

LMlcmal warmint! Eur liypi^htTriULi 

Emesb. acitvoced chaiciDol after oral 
invent inn ijcolbr >; wash agent Imho 
hair cool w ich ■on dciciy nt-, 

nr'ii.ili:i.ihnl LtinlJininy diaini|KHi 

(dip?; yohimbine 0.1 imgslcg IV 
Atnfinc a.s fur carbamates 


2-PAM (pralidoumc): 20 ing/k.p IV 

Iwicie jktc day; give uvirr V -cikin 

durarion: if poifloud for levs ihan 24 

hr, IrcuLmcnl is net;ussar> lor 1-2 

days; if longer therapy may be 

inquired Uw several days 

nipfwnhydroiniiw hrydroehlnritlie; 

jinritii Ivstmcils depfessCxI, decrease 

4 mg/kg IV (dogs)or IM (dogsur 

caKt l'sciv S lir uriCil asyulj^luinalk'; 

if uni mall becomes depressed. 

dec rease dust' lu I mjc/kje 

Supportive os fbr ehloriniled 

liydnvarhiyiis: wash apcnl FrurlL liau 

ent wiih wDdctcv|ai% nofMlcnhcil- 

c<uulaimng sliijiripo.i. mi.inilur and 
control hisdy iemperalure 

Emedik ga»stric lavage bvVm 

CPU* ulsiie sLalc: w anil Eli, quid, 

as-k«oi rcspiroliofi; dioraun, 

oikiuni gluLiiiialc luilI H exMiiples. 

vitamins +iv for chlorinated 

hjfdnacuboH 


t'SEPA also requires j prnducE chcmiMvy package For 
pesticides ihal ilkdiuks specific pesticide composition 
and diancteriMCii. Also in ihe case id" pescidek^, resist¬ 
ance siiulivs. muy he n«mry determine how* easy it 

will be for the target parasite to develop romance jo the 
drug. Studies must also he conducted for nuuiy drugs 
and for u!! pesticides ludeiermiiK I heir pUcolia! impicl 

m (he cnviniMimcni- Efficacy off the candidue drug must 

be e-valuated in detailed Laboratory studies and in real is- 

f 

tic use siluation%. This ts achieved by enndueting 

mimertwis laboratory studies and claifcii rkld iri4i3s in 
diffcrem geographic regions of the country* although 


according to the new Food and rsnig Administration 
Modernization Act. field trials are not always required 
by Che USl-'DA. If required, clinical field Irials gcnedJy 
ure conducted by ei Uicr veOfirinarims m sciftll i <\s m col- 

Iabortion with auiiiwi! owners- or producers to obtain 

detailed infrirniLifiLKfh on the peilVimuuvee of the piuduLi 
umkT realistic use conditions. II new label claims nr 
rofmulalim changes are sought fur a drug which is cur¬ 
rently approved few use. many of the safety mi efficacy 
studies can be waived if the neu formuLation is shown 
by properly conducted studies to be pharmacokigical !y 
equivalent to the «iMing fumiulatinn. 
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.si 144 m I qritinibctlc nerves 


STOMA LI I 


Vomiting Center 

KVfjkMlt 

IA .ft 4s jn tor H,) 

► rlrvairij CSF pressure 

* L IN Si disorders 


Peripheral Recepiers 

li behind rial and 
CIm« rat'ic &rgin* 

■ lrrUatiK.ii 

> distension 
H h)pffB-i»i(iMilalS<v 
'■ i nTI ;i ni m nil iun 


Vestibular Apparatus 
tkfMmiwm ffly 

fMLVtvichuIrne} 

" rttollij-n ikkiirii 

r lalivrinlhilk 


r/< * p ji jtp i'll-e 
Armt* 

► .iJKHli 


llimhfr Centers 
(Cerebrum) 

iHTiji ^tAuiJrnf 
psvrfefijf ni-r 


Vomition 

* rplrn^nidt antral 

e-ajitraftiijfi 

* rotoxnlion nf LES 


FIG, 5 1 I - -Sites 111 ill mediate the emetic reflex. The major imuouMHuiirer responsible for mLdLaiing Lit- relic* ai ms^h mil \s 
notril in ilalicsL wscondiry neumanun sum lie fS ut each tire are im paremhtseh. SLmvuli Llial mediaie emesis al uarih sire are listed 
Wnw the K li g lil l BM lIlsr. 


fluid (CSFj-bome chemical compoundK because free 
nerve endings directly conluei (he CSF. Free nerve 


endings reach the CSF eilher via ependymal pores or 
in the she-alh syflHMDclijig ftncsCralcd capillaries. Erne¬ 
sts cumd by blued-bume taediaion {c.g., uremia, 
pyornctra, liver disease, «ndoiOMlla. and those A 4 W- 
ciated with radiation sickness disease) and dregs (e.g. r 

digiUJis glycosides, apomuiphiric, nurcotie analgesics, 
■and estrogens) is mediated by the CTZ, SiiinuLiCiLi-n of 

the CTZ m initialed by dopaminergic receptor* dial 
respond 10 agonists such as dopamine and apomnr- 
phine(Merrifield and Chafhe hJBM). Alpha, receptor* 
associated with the area postmna Also induce emesis- 
in dogs (Hikasa et al. 1092] and cfll* (Hikflda et al, 


1989 ), Serotonin may also be important in this area 
(Kohler and Gold^piel 1991 ). Histamine via H, recep¬ 
tor* Acts fli a ^condury neuroiransmittcr ai the CTZ. 
As. with dopaminergic receptors. H, receptors may 

j]so be eompuiiiively and noncordpeiilLVely inhibited 


by antagonists. 

Impulses origiiuilinE! From the semicircular eauuh of 
ihe veMibular appLaralus are transmitted by ihe 8 lh cra¬ 
nial nerve ru the vesiibuliur nuclei and then via the CTZ 
Lind uvula and nodulu* of ihe cerebellum to the emetic 


center This pathway, mediated by histamiacrgic (sub- 
type H ) receptors, is responsible for eliciting the eme¬ 
sis lhai 3 jC companies motion sickness and labyrinthitis 

f Peroulka and Snyder 1982 k 


Peripheral impulses causing vomilion which arise 
from stiittukition of the phaiynx amJ fiiuccs are irans- 
mined by afferent nerves in the 9 ih cranial nerve to the 
emetic cento. Other peripheral afferent pathways 

indude 11 Li■ sc ji i-iiiL 1 frn:ii stmiuLitiiNi «i.c . imlalk-ii -i 
distension) of various visceral organs and timies, 
Impulses may be carried by sympathetic or vagal adher¬ 
ents from the bean, stomach, duodenum, small intes¬ 
tine, liven galIbl-adder. peritoneum, kidneys, ureter, uri¬ 
nary bladder, and uterus, ACh is Lhc primary 
Murotranimiticr mediating the afferent limb ui ihe 
emesis reflex from peripheral causes. Muscarinic 

receptors initiate lhc impulse which travel* in the 
emelic center via Ihe vagus nerve. Efferent signals 
which stimulate the emetic reflex travel) buck lo Ihe 
stomach by the Lfth cranial (vagus f nerve. ACh also 
acts as lire primary efferent ncunarai^milter in lhc 
vagus and in the smooth muscle of the stomach. 

Clinically, emesis is. p|HiimiacnlL>gicaily induced in 
order to empty the anterior portion of the digestive 
fratL Indications ineluck induction of general aneslfre- 
*i*i if there is any possibility Lit food being in the stom¬ 
ach, or ingestion of nortcorrosive poisons. 


Periphtnlly Acting, or Reflex, Kmctk* Diislen^inn 
of the phfliynL estiphagus, stomach, or dinsdcnum 
•! hoi low organs) with w arm Water, hydrogen perox ide, 

or saline can induce ihe emetic response. In addition, in 
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the ease of toxin ingestion. administration of warm water 
by stomach lufw may help dilute poisons. Although Ihcir 
dficacy and safely vary, a number of subsLaiK.es induce 
emesis by irritating the epithelium ckTiIk til tract, Hmc- 
sis can he induced in dogs by oral; administration of a 
Hindoo id" warm ^Uuraled l.strungl sodium chloride or 
by pliiiryngeul pkimiienl of a small ummuM of plain 

titbit sail or neutral siilt iryMuk such as Sodium Ciu- 

honaic, NF. Orally administered hydrogen peroxide 
Q%) often induces emesis rapidly in cats and dogs, 
although fatal aspiration of hydrogen peroxide foam is 
puuiible. Ipecac syrup is an cner-the-counter emetic 
commonly recommended Go induce emesis in human 
pediatric (uttcnLs. Il contains Ehe alkaloid emetine, 
which increases lachrymntEon, salivation, and bronchiid 
secretions. Emesis uwuJIy. hut rurt consistently. OCCUR 
as a result of both peripheral and cenlral stimulation. 
Howmr, if reported use fails to Induce emesis, giidrie 

lavage my be tadicatod m remove potentially tone 
dues of the drug, Although ipecac syrup or powder ha* 
been used js an onet ic for many year* i n eats, it has been 
known io induce buck effects, including death. 

Centrally Ac tine Enuiiiv Although a number of 
drugs are capable of MiiWlbuiog the CTZ centrally. COT 1 - 

tain opiriH, piiniculvly apmoeptame, are the n»ft 

conunonly used. Apnmnrphine Hydrochloride, USP, is 
a synthetic derivative of morphine with only margin-id 
depressant activity. Us emetic activity predominates 
over other morphine-like actions and reflects stimulu- 
lion of dopaminergic recepCors in the CTZ Apomur- 
phine can he administered by almost any route, 
although ond doses are greater in order to ixnpflUlte 
for reduced oral biuflvailability. Emesis generally 
occurs in 2*10 minutes following subcutaneous or GOD* 
junclival administration. Allhough tpflOKMpItiK siimu- 
lale^ vomiting at the CTZ, it also directly depresses she 
emetie center, anti ^bsequent duscs me less likely to 
induce emesis even if emesis does not occur following 
the first dose. Excessive doses of kpDOKrpUlK can 
depress the central 1 HVHS system (CNS>, particularly 
the respiratory center, and ant contraindicated in Ehe 
pretence of existing ceniral depression. 

Xylazine iHumpun) is an ft, agonist used mosL GODt- 
fitfully for lLh sedative analgtvic properties. However; 
emesis mediated by ct, stijnulltioB coiisistently oe c ujn 
in arts when xyla?.ine is administered at recommended 
duw* (HJfcua el al 1989 )„ Email can also he induced 

so Siiv. dun till>5 mg/kg) nnt associated with sedation. 
Emesis also OCCUR in dogs, hut ran as consistently as in 
arts. The incidence of emesis induced by Kyl&zifW li 
ulw somewhat lower following IV llkui IM admin iMta- 
thm and may be reduced Author hy fastinjc prior to um:. 

A Nil EMETICS. A nticmeLics control emesis by 
either a ccnLral i.kt a peripheral ucliou. Both actions 
depend on and! can be c4ntlllfid 10 Mo c klJ c of ivuro- 
transmissnin at receptor rife* (Femrtln Vld -Snyder 
14K2: Gwtall and Naylor IfHJZj- 


(jentmlly Art ini* Anti mi fries. Aruiemctie agents 

possess either .a limited or a broad effect depending on 
which WUnare depressed, Centrally acting anticnict- 
ics Mock impulses at higher centers and at the emetic 
center and include muscarinic anticholinergics-: anti- 
dopflffitDHgics which block dopaminergic receptors, al 
lino CTZ: and unLihisCuminergLi> which block H, recep¬ 
tors 3t i lie vestibule ippniut and secondarily ai the 
CTZ and the emetic center. 

Vestibular Apparatus, Vendition caused by 

mini™ sickness or inner ear disease is mediated by die 
vestibular apparatus. Motion sucknen in dugs and cals 
can be controlled fur several hours lH-121 hv adminis- 
teiing antihisLaminics such m cydizmc hydrochloride. 
meclizine hydrochloride* ur diphenhydramine 
hydrochloride. Although efficacy depends un a direct 
effort m neural pathways arising in the vestibular 
appaJili us t it appears to he independent of untihista- 
nttaic or ^dative pomcieir Emesis pn*lueod Ky other 
stimuli i^ not controlled by tine drugs. Dnvwums 
and unwiofnu are typical stile effects oKounlered 

with ilvc oflbii group of drugs. 

ANTlMUSCARlNDCSr Selected antimuscariituc agenis 
are uuzii io coni rol motion sickness in dkig*. The bel¬ 
ladonna alkaloids, especially hyuscinc ^scopolamine^, 
and synlhetic compounds- such as Uicyclomini 1 
hydrochloride and isopropamidc iodide are cflcctive 
antiemetics. 'their duration of action is short (up lo A 
hrii fe and ^enjsLomia. drowsiness, and tidier side cffecls 
should he antidpaled. Thcte drugs arc not generally 
iis4.nI in eal.%, bueauKe *?! |Hiteil[ial idWH mctkHIA, 

Dhi’cs Act i vf axthk CT 7 . 

PWNOTH1A2IHE5- These bmad-spccLrum anliemcties 
cootnd emesis induced by ttHt cenLrail cauaes other 
dian lubyrinihiue stimulaGhm. Plienoiliiii/ines Wuvk 
emesis B Ufllia t c d by dfe’ CTZ ai low doses hev^use of 
ihcir jntidopojifiijKfjsic and antihintaminergic c&dL Al 
higher (perhaps nonpharmacolngie I duse>. Iheir 
anticholinergic efleeb muy also Ad al other CCVHtil 
tites. iiKluding the OBKlie vefuer. A variety of 
phenothi azi w deri v ,,o i ves„ c.g., e hlurproma j ine, 
pn>ehlorpenLZ i nc k Lri tlupr ci-muiine. perphenazine. 
Iritluopera/jne. and mepazine. are used in small animals 
as iinLicmcties. The primary adverse cflbcta assiK’ialed 
wilh their use as anlicmeLLCH arc sedation and 
hypertension due Go peripheral O blockade. 4if 

a particular phenochiazine may be bused im avoidance 
of adverse pnctinH, Fluid replacement therapy should 
be instituted if necessary' pnew to use of a pbnodtiuite. 

B L‘ TV Hi i|HH ENON \. ME : .k I VaTLH u I open do I (Hal¬ 
dol p and dl^peridoi (Ifupsinei, which me also used im 
miLjor traiKjudizers, nre potent unLiemelics because of 
Iheir ancidopaminergic activity. PdariblA Side (fftttt 
are similar to dKtf tdHUIKftd with llte ptWHX lii a wm s 

group. 
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FIG. SU—'Receptor ktiBncdou ihat nx-diaic gjuiftL a.- id 
sevruEiim by iMl 1 pafteufel 4a: 11 include aetcy khuliM with riius,- 
•LiiriiHL receptors and JuMiiimne with H ] meoptorL Gastrin | 

inuy inlci ulC -a iUi ciiIilt reccplur. KuLcjHCmi sLnnu luLiuri aCU- 
vales ihc K + ,H“-ATPajrf pump aiki eaefui^ge uf potjuavuna to j 
hydrogen min Ihc lumen lYiwUag IluiJiii h modulates giucDric 

iiL'iil M.*L‘fu 1 njii by 111111 Im LIII cAMR 
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Iniracelluto messengers mediating gastric acid accre¬ 
tion. vary with Ihc roue pi or stimulated. Histamine 
increases cAMP production. which subsequently acti¬ 
vate* c AMP-depcndent protein kinases. Gavrin and 
muscarinic stimulation by cholinergic drugs increases 

cytosolic calcium, probably by iiraeued influx 
through elective raptor-Activated calcium channels 

in lllc cell JlteJllhraitai. FYoslaglaridiiils of tire F. scries 
(PGF*i modulate these effects, inhibiting gastric acid 
sccrdim bv blocking CAMP production (Wolfe And 

Soil imi 








Mucosal l>cfen.M.*N. Defenses of ihc Gl mucosa which 
act to prevent or repair G [ ulceration include (I ) secre¬ 
tion of 'bicarbonate into Ihc lumen and neutral Nation of 


hydrochloric acid m the lumen; ( 2) secreliun of *i thick, 
alkaline mucus which traps and neutralizes inward- 
moving hydrogen ions’ (3) u gastric epithelial barrier 
comprising wive phospholipids, a lipoprotein cell 
-membrane, and light junctional complexes, all of 
which prevent hydrogen Lon back-diffusion; (4) 
mucosal blond flow, which, find, provides nutrients arid 
oxygen lo mucosal cells and, second,, removes hydro¬ 
gen ions that biive penetrated (he gastric barrier; iS) 
rapid replication of mucosal epithelial ceils; and (6) 
produjciiofl of cjfloproteiive agent* (Pig, JIJ) (Baker 
IWi; Toutain et al, m\ m Sharmk and Rees 19H8). 
Local secretion of PflE ? is an impnUnl dclense mech¬ 
anism because it modulates hydrochloric add Hen- I 
lion* increases bicarbonate und mucus pRaJuttinn, and 
enhance* mucosal blood flow and epilheliakzurion 
(Miller 39BT Charter ct al. 1985). SulfliydrylsaJso pro ! 


dlicd locally may act as scavengers of oxygen and 
other tissue-damaging radicals (Swlenyi and Rmne 


I.9B6) 


Ciuslrcidimdcnaj Ik trillion. The everts leading to 
gasInxluLKlemiil ulceration Are complex and reflect 
interactions between acid- secreting and defense ttkcIi- 
AUisms of llte Gl mucu^Hi t Robert and Kauffman 1989; 
Moreland I988}w Regardless of ihe cause of Gl -efo&ioA 
M ulceraiioih. the basic pathologic mechanism is simi¬ 
lar. Gastric acid secretion is a prerequisite for damage 
io the Gt mucosa (Kledman « al. 1988; Moreland 

19KIJ). although damage docs, not usual ly occur if lumi¬ 
nal pH is greater than 7,0, Pepsin- and bile acids can 
OTfUribuie to mucosal damage. Damage is exacerbated 
when the mucosa loses its ability to sufficiently protect 
itself through secretion of bicarbonate and mucus and 
epithelial izatiron. Deceased mucosal blood flow can 
profoundly affect the injured nnuoia^ ability io heal 
itself. Drugs used to COfftfftl nr LreaL Gl cm sum arsd/ur 
ulcorackm iftclude drugs used CO inhibit gastric acid 
secretion and cyloprotecfcive drugs. 


Gastric Anfbmvtnry Drugs, Drugs used to prevent 
Of modulate gastric acid secretion include anticholiner¬ 
gics. H. receptor ima^onisii, pun on pump inhibitors, 
and PGF (Whittle and Garner I 9 JW: Wolfe and Soil 
1988 ; Miller I 9 ® 3 ; Muir 1990 ). Drugs which modify 
gastric aeidfe.g,, antacids) me discussed in the section 

on. cytnpmteclivc drugs, Ait drugs that modify gastric 
pH can cause complications, of achlorhydria w hen used 
chronically_ Although both gastric acid and pepsin are 

required to hyclnolysis ol proteins and filllir 

achlorhydria is rarely accompanied by mylahsorpiion 
unless, bacterial ovopwdi occur. Achlorhydria cun 

lead io injlahsorption of cenain nutrients (e.g., virtamin 
B,. and inm). 

I ■ 


AwnCHOUMBROIG , Despite ilw role of muscutrinic 


receptors in gasiric acid secretion, antichol i nergles 
have not proven effective for the control of Gl ulccru.- 
tion in antmaLs. In humans, these drugs reduce food- 
inducedi gastric add secretion by 30% ™d potentiate 
the Inhibitory effecc of H, receptor untugimists (see 
below). Side effects* u.s previously described, further 
Iirnic (heir usefulness Side effects are reduced, how* 


ever, when selective drugs for muscarinic receptors of 
the M ( subtype arc used. Pirenzepine, an M, antngodsL 
inhibits food-mduced secretion by 50-60%* with fewer 
iuitiimuKsiriiiLi" vide effects (Wolfe and Soil 1988). 


H, RecWTOFt Ahtogontsts. H. receptor antagonists 
arc reversible, competitive antagonists that reduce gas¬ 
tric secretion oF both hydrochloric add (HCI) and 
pepdn (Krishna and Ulrich 1988) induced by a variety 
of veereLogoguev (Hifsehew-iu und Gibran I987 |. 
Cimccidiiw aimJ raniti dine and B to a lesser degree, famo¬ 
tidine have been used io control gastric acid secretion 
in aninuils. Nizatidine is the newest erf" the H. mptor 

Aal^gonlstx. Eidi 


drug varies in potency duration of 
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FPG, 51.3—Pmicciivic mechanisms i^ainsl gaHRxJikxknal uieeraiitftfi provide Largely for drug; therapy. IlicuititinLiiiir Bccrttkm 
nifutnitize^ pgbk wwl; mw-u* pr-rdccls ag-sind hydrochloric and bile acids. The rapid rnnwver of ripufkdul cells is piirjjnoimi 
few flpid healing if rtamaje occiin. Mumal blood flow not only provides critical oxygen ami nuincnts necessary foe epiihe- 
li-ali/jnwm hut alsn reimwes H' ions that have penetrated the protective Vurriea 1 . Other pedteedve lat-icws include rm^-hiinisrns to 
v-cwimM g*Mrk hydrochloric acid wercrion and io scavenge mcdiauits capable l»I cell damage. 


action, disposition, and drup interactions (Bernis 1*1 ;tl. 
19B9)- Ranitidine is 5-12 tunes more pcnent as an 
inhibitor Of giislnu acid ^ecrcCioii Eh,m irimeridine, 
while liimuridine is 9 times more potent than ranitidine 
arid 32 lime* mcKn? pcrfenl than cimettdinc. I arnrotidinc 

ha* the longer dural ion of action (Howard et ad. 1985). 
In animal models mehtaling dogs. nizatidine is mine 
potent than dmetidlne (Price and Rrogdera I4EK), 


DtSPOSTTIQN. CinieLidme. the oldest of the dmicaKy 
used H. receptor antagonists, m rapidly ubserted from 
the Gl iinitl . although food will delay the process. Tine 
drug undergoes hepaliu naetaboKim and is about 70% 
hinavaiJiiihle following oraJ administration. Jt is 
excreted in (he urine, primarily in an unchanged form. 
The pi 41 mi til lull f- life is about E hour but nay he pro¬ 
longed in the presence of Uw or kidney disease. 

Ranitidine is less hioavailahle (30%) thiin dmetidimr 
following oral admiaislratliisi. Its elirniiuiiion halt'dik 
is i^ppjsirinnely 2,5 hours. Absorption is nol impaired 
hy Food as il is with eimetidine. Ranitidine is minimally 
protein hound (15%). Hepatic climinalion is respond 
Me for 30%) of an IV dose and 73% of an oral dose 

tBmgden et Ell. (982). 


Pammidine is only 37% bicMivaiiabk after oral 
administration, dm? to ptxir nnri absorption. In contrast, 
nizatidine is rapidly and rarnptetdy abwrfwd i Krishna 
and Ulrich 19881. Both drugs are eliminated 
unchanged in urine (Krishna and Ulrich |9Jt8h Ni/iili- 

dme is almost exclusively eliminated by rent'll excre¬ 
tion. w hich suggests it might he the preferred H recep¬ 
tor antagonist in patients with hepatic disease. Its 
efficacy appirfentty hii* fldt been, studied dmixally in 
animals, although its safety hu been established in 
healthy dogs (Bemis- et aJ. ]9S9)„ 

Ranitidine has been studied in dugs and horses. In 
Beagle dogs receiving 5 mg/kg, ranitidine wms chinre- 
terized by an elimination half-life of 4 hours. Bioaviul- 
abilily alter oral administration was 73%, yielding peak 
CMKentfauun.*. of 200ft ng/ml., EHmknalion appears lo 
reflect both hepatic meiaholism and. for 40% of etch 
dose, renal elimination (Eddershaw 1 et yl. ] 996). In 
adult horses, following IV admtnihiral ion of 2 J mg/Iig n 
ranitidine reached a coricentralion of 5175 np'imL and 
wav characleri/ed by a mean residence time of 113 
iriimiEcs. following oral adminislralion, mean ahwirp* 
tion rime Wis 59 minutes and bioavaitabititv was 27% 
(Hollanddal. IW7), 
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myenteric plexus. The net effect Ls slIpnidafkHi of pen- 

stales. 10 stimulate ACh release, whereat tr.. receptor 
stimulation inhibits ACh release (DemoI el al. 1989i. 
Ruth H ( and H. receptors have heen identified an the CjI 
trad. They are located both prcjunetionally, where they 
control ACh release, and pnstpunctuinaLLy. Stimulation 
of H s receptors induces smooth musete contraction. 

whereas H, KCtplof stimulation induces relaxation 
{Derrwl ec al. 1989). SeretOfUEHCXK receptor vi i niului ion 
results in complex neural and myogenic response* in 

the 01 ifiicc. Presynapiically p these receptors inhibit ACh 
release, activation of cholinergic n ftm m in the myen¬ 
teric plexus, and acctalim ofllK OuifedioIkKrgk:. rtOtflii- 

drerergic inhibitory neurons responsible for bcwel 

rclaxaii <mi iDeniul L -i at. 1989). IVosLnmids. .irut speeif- 
kalljr FGE receptors, have been identified in Ihe gastric 
fundus and ileum. PGF. receptors are thought to be 
important in Ihe modulation of Gl motility firum the 
esophagus to the colon iDemol et al. 1989). Generally, 
POE inhibits mechanical activity of circular smooth 
muscle, while PGsqf the D and E' senes arc stimulatory. 
At hi eh doses, PGEs stimulate peristaltic activity* 
although this may represent flKChanicaJ response to 
excess watery fluid iri (he intestinal lumen (D^mol Ct al. 
1989). Several agents promote the funerkmtl activity oF 
ihe stomach by increasing secret ions- and molilily. 

Prnk incite*, Prokifietics. enhance the transit of intralu¬ 
minal contents (Reynolds M»9) a The mechanisms oF 

action of these drugs are varied and are not completely 
understood!. Their effect on intestinal functions gener¬ 
ally Kfledl either promotion of an agonist, hid) as 
ACh by muscarinic drugs, or inhibition of an inhibitor 
iTiinsinilter. such as dopamine (Reynolds 1989). Organ- 

and species-spedflc difference* ecfnplicsrte our com¬ 
prehension of these drugs (Reynolds 1989). Clinically, 
ie use of these drugs is. limited by their tendency to 
cause syntonic effects. 

ChDLDIERQH^L Hethanechol is a cholinergic agonist. 

As an ester derivative of choline, it acts almost exclu¬ 
sively al muscarinic (Mj] receptors (Demo! el al. 1989). 

Rcthuffecchol will enhance the amplitude of contrac¬ 
tions throughout (he Gl tract, including the lower 
esophageal sphincter (Derrtui el al. 1989: Reynolds 
1989). However, itt effects on ihe coonUiuilffl of 
small-intestinal contraetinn may he minimal!, and Thus 
it is often not considered to he a prokineiic agent 
(Reynolds 1989). Adverse effects reflect direct 
enhanced parasympathomimetic stimulation and 
include abdominal cramps, diarrhea, salivation, and 

bradycardia (Reynolds 1989). 

Mirr(K'l_t)PRAMIDE. Metoclupramide is a lipid-solu- 
ble derivative of para-aminohenztiic acid. It is struc¬ 
turally related tu procainamide^ a cardiac a nil mii hyLh- 

nik i Reynolds 1989). In addilion Do its central 
anlidupaminergic (anliemetie) effects, mefoe lopramidc 
acts peripherally both as an antidopaminergic and as a 
direct art! indirect stimulator of cholinergic recepLors 


l Reynolds 1989: Burrows 1983). Al though clinically 

its effccLs appear to be limited to the upper intestinal 

tract (Hum; and Gening 1986; Wingate et al . 198ft; Bur¬ 
rows 1983; Alhihi and McCallum 1963; Hum and Ger- 
ring 1986), in vitro studies suggest that the mofiE dra¬ 
matic effects of metodopramide are 00 the colon. The 
peripheral dlecis of ifieit^dtjpramide apparently reflect 
enhanced reksse of ACh from intrinsic cholinergic 
neurons.. These effects arc completely inhibited by pre- 
trcatmenl with atropine (Reynolds 1989; Albibi and 
McCallum 1983; Sojka c( ah 1988). Peripheral effects 
may also be mediated by e (feels on other local neuro- 
NfflASniKteTfl such dopamine and serotonin (Reynolds 
1989). Dopamine has an inhibitor effect on smooth 
muscle of the stomach, duodenum* and colon and has 
been implicated as a mediator ot receptive relaxation in 
dogs (Reynolds 1989). Dopamine may exert its 
inhibitor effect Ihrough inhibition of ACh. thus explain¬ 
ing the complex mechanism of metodopramide 
(Reynolds 1989). Peripheral anlidupiiimnergic effects 
of meloclopramide appear to reffecl interaction, w i lli D, 
receptors (Reynolds 1989). Meiotlopramide physio¬ 
logically MtagOtiMs emesis hy iiK-re^ing the (one in 
(Ik lower esophageal sphincter, increasing the force 
and frequency of gastric antral contract ions (gasoraki- 
nctic effect), relaxing ihe pyloric sphincter, and pro- 
niroiing pensialtis in (he duodenum and jejunum, 
resulting; in accelerated gastric emptying and upper 
intestinal transit {Burrow c 1983)- 

MclocInpniEude is well absorbed orally but under¬ 
goes signifkanl lirsl-pass mc(aboJis.in, with a haw li¬ 
ability in the S0-70 r .v range. Tissue dffcslrihtltion is 
rapid, and: excretion is both rettaJ and hepatic. 'The 
plasma half-life ill the dog is only 90 minute*, and 
metodopramide has a shore duration of action (Bur¬ 
rows 1983), Dore^ependent CNS tide effects range 
from nervousness and restlessness to listlcsxnesx, 
depression, and disorientation (Reynolds 1989: Citric 
and Rechl 1987; Burrows 1983). Kxlrapyrumidal anti- 
dnpojninergic effects include tremors and motor rest- 

kwttess. Gynecomastia due to enteuTCud release of pro¬ 
lactin has been reported in humans (Reynolds 1989). 
Gl disorders may also he observed, with constipation 
being common with long-term use. As an. anliemetie, 
Lhe mam indications of melodopramide include severe 
and irUrucluhk" emesis caused hy chemotherapy or 

ocher blood-bofne toxins, nausea and vomiiioo itesoci- 

aied with delayed gastric emptying, gastrocsophageal 
reflux, reflux gas Iritis, and peptic ulceration. As a pro- 
kinetic, meloclopramide is jndicaled lor treatment of a 
variety of gastric motility disorders, including gastric 
dilfttalkhn. vulvulm,, pCisEopcrllive ileus B gasinc ulcera¬ 
tion, ;nkJ idiopplhie gasiropLinc^i-T ( AI hi ha and \feCih 
Lum 1983 ). MetLie Inpram ide is ennlraindicated in Gl 
obcljueticm or perforation., in epilepsy, and in palienK 
receiving neuroleptics. Because of their anticholinergic 
el reels, airopaik; arid the uptCdfl analgesics will antago¬ 
nize ibi? action cpf mewclo^mide. 

Mctoelopaniide appears to cauipetitively ai>laponi/e 
dopami ne-induced renal arlerial relaxation. The effect 
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activated duread suspension muy bn." used for gu* 
lavage in simple^stuiiiajched animals. 

Cholestynuimie is a basic uni-un exchange resin that 
hinds ilp acidic side chains such as those occurring in 
bile acids. In order tu increase the number of bane 
binding sites, cholestyramine is attached to a poly¬ 
styrene iVKitriX which can act us a nonspecific adsor- 
benL. As bile taltt are bound in the G] tract, lipoprotein, 
cho-ksterol, and. neutral fat abmpboo are iko 
decreased. Alihough specifically iiicli^ai^ fur prunes 
associated with increased bLLc acids., cholestyramine 
hn% also bven used Lo symptomatically treaL diarrhea. 
Nausea, cowtipltMML iMontHL and dfiCffMWl I'ut- 
soluble vitamin absorption are reported undesirable 
effects. The product should be administered in food Of 
water tWikkc and Turner 1987), 

LAXATIVES AND CATHARTICS. Luxulives and 
caduftia promote defecation by increasing Frequency 
L>f defection or fecal VOhfflK or OCKttktency fClark and 
Bcebt IW7; Dundu HWl Horn IW7: Burrows i«U>. | 
Laxatives [or aperients) promote otimhurrion of a soft- 
formed (tool, whereas cathartic* (or purgatives) tend to 
produce u more Fluid evacuation. The difference 
between these two effects may be just a nutter of dose, 
but in some instances laxatives are only capable of 
inereasiinj she hydration or softness of the fccul mass 
without ever inducing eachyn>.i>. The enhanced inles- 
LinaL transit limes thul occur with use of some of these 
cathartics are usually due to intrinsic local myenteric 
reflexes within ibe visceral smooch muscle or to stimu¬ 
lation Li*f the duUoetylc recepuin; of the esiriusie 
piirasy^iipiirlwiie EKTVWft system AUwogh a trudi- 

tional classification of the group will be presented hero, 
it should he noted that many caihartks alitr intestinal 
elccLrulytc transport to increase fecal water excretion, 
mj the grouping, nf these compounds shiHild perhaps 
more logically follow Ibeir effects on intcslinaJ elec¬ 
trolyte HiEjveiibuiii t Thuiiipsi hi; I 9S0j. 

Emollient Laxatives. The emollient luitra (lubri¬ 
cant laxatives, mechanical laxatives. Focal softeners) 
AOK unchanged. They -arc not absorbed to any apprecia¬ 
ble extent 4111 hJ simply ■often and lubricate dttf focal 
mass, which in turn facitilaies expuUQA Though- nut 
always reliable, particularly in the ruminant, they are 
used in aJI species. 

Mineral oil (liquid paraffin) is very commonly 

employed as a lubricant laxative. Mineral oil is b\m4 
and gcnerully safe lo use. but u tew untoward effects 
may he encountered. Chronic administration may 
impair absorption of fat-soluble vitamins, other nutri¬ 
ents. and coudminibLerod therapeutic agents. Decreased 
irritability uf llte intertidal mucosa becomes evidenL 
with protracted use and. paradoxically. chronic consti¬ 
pation may ensue. Lipid pneumonitis, following maJ- 
udminislraLion into the trachea and bronchial tree, is a 
serious complication. Following; prolonged use, limited 
abiocptkm of iniiterul nil. principally into the intestinal 


lymphatic* but also into the intestinal wall and even the 
liver, dm take place. TIk subsequent tissue region 
leads to development of granulomaLou-* lesions. Anal 
leakage of miners] oil may be a nuisance in a bouse pet 
and will interfere with healing of WHndi m the anorec¬ 
tal area. AjdnUDUtntijH of miDHll Oil to confirm or 
treal inlcstiftiil oMlUCtkH] Iw* a >hurlcoming: the oil 
may easily bypass a partial otatnetiofl, and its pres¬ 
ence in the anal area may lead 10 a false canclKuln. 
White or yellow soli paraJUns are also uacJ as lubricant 
luilftftt (e.g., oi* with hair balls). 

Several anionic surfurctants are employed as fecal 
softeners. Examples include docusate sodium (previ¬ 
ously naitted dioctyl sudiium sulfosuccinalc) and 
diuciyl calcium sulfosuccinate. 

Simpte Bulk L mdwa . ' ITue simple bulk laxatives are 
hydrophilic in nature aod sire mu digested within the Gl 
tract. They absorb water and swell, and an emollient 
gel forms. The increased volume or hulk lends lo dis- 
LeissuHn, with resultant reties cflllnetkn pnnlucing 
peristaltic activity. The feces remain wifi yiid hydrated 
Methylcellulose. carboxymeLhylcellulfrte SLvdium. and 
pluntugo seed (psyllium seed) are examples of simple 
bulk purgatives. Wheat bran, prunes, and other fruits 
also belong in this group. Besides the bulk action of 
these laxatives, it should he noted chat the celluloses 
and hemicelluLuses present are fermented in the hiikd 
gul by bacteria to produce volatile fatty acids and other 
products that in turn exert un ostnotk effect and thus 
eoham lantivc action. MetnriMU and a very fluid 
stool oficn. result from the dh of simple bulk luxuLi^v 

Osmotic Cathartics. The osmotic caiharties i saline 
purgalivesKonsisl of sails or compound* tfuit either ure 
not abwrbcd at ull Or Are only slowly and incompletely 
abrntad finn ihe Gl triM:t They retetai iu attracL wjlct 
into the intesdnl Lubkq mainly by osmoLic fortes, 
although enhanced mucosal mvtHfl of fluid ituiy COfV- 
tribute to their effect. It is imperative that drinking 
wider be made freely uvailaMe to an animal that has 
heen dLtsed with \m osflHdc cathanic; use of this group 
L^f purgatives m CWItTtilHtiated in dehydrated ammah. 
In monogusLric animals an effect may generally he 
anticipated in 3-12 hours, and in luminants wiihin 
utHwL Itf Imurs of dtismg. 

Magnesium salts are Irequently uud at hUk ptifgflr 
tives. Magnesium unu also hring about release of OCK. 
which will increuw pcrislaltic acLivity. Magnesium sul- 

f 9 te(EpH 3 a s^lc.s) B isotonic in a W snJmiDn, niiigucsium 

hydmxicfc, magnesium oxide (milk of magnesiak and 
magnesium curate are the magnesium salts mod com¬ 
monly employed. T\k: soluiions need rvnt he hypertonk: 
to produce iin ell'ect. About 2(Wt of the magnesium ilhia 
ure absen-bed when magnesium sulfalc is dosed OTully + 

^Jhj if purgation dues not occur, 4ukJiiiLmfci] amounts of 

magnesium may he ah*iorbed with -suhsequcnc depres¬ 
sion of Ihc excitable tissues in the body. This is even 
mure likely lo ODCW if renal function is impaired. Mag¬ 
nesium sulfide is iu it often us«J m honefi. 



nan 



ChuffT SS $ DHUCU AFnmNO OAjnweOKTiUiL VWCIWN f Dawn ftw( 4 r I 1057 


Sills such un tncHiim sulfite ((Huber's ssliK sodium 

phosphide, potassium sodium tartrate 1 Rochelle satu, 
and even larjie quantities of sodium chloride are dl'ec- 
civi" aline purgative*. 

'71 Hr' fljglf flicobok ilijiihrlitiil arid Miifhitid will also 

induce an osmotic catharsis as will the xymhciic disue- 

eharidc lacluLnse, which is not digested in Ihc small 
intestine became no specific entcnc enzyme is present, 
it passes Lo the large intestine. where sarchuntlyl ic 
microJlora foment lactulose to produce acetic. lactic, 
and other organic acids, which in lum lower the pfc I of 
Ihc evtonk conLent and exert an osmotic (fleet. Water 
is altruclcd. the fecal mass SdAtti, and tidHlic peri¬ 
stalsis ensues. Lactulose is used for cfannk cuiiMipa- 
licrna and ircaiment of hepatic eiiL-e|*halufuihy s ActdlfV 
catkin of the content of the Large jmcstinc favors 
greater formation of the nonabsorbable ammonium ion 
than the readily absorbable ammonia molecule. which 
requires detox i finraliun in the liver by the urea cycle, 
llyperammo-iiemia is thus prevented to some degree. 
Absorption of iwher toxic amines from ihc hind gut is 
also reduced by acidification of the contents. Some 
metcorisni may he evident lotto winp adminhtratmn of 
lictiline. 

Irritant CAlhirtkvr Contact or irritant purgatives 
were thought to stimulate the mumal lining of the 01 

tract and thereby initiate local myenteric rtflexo that 
would enhance mlcstinal transit. However, iE now seems 
that members of this group also provoke fluid accumu¬ 
lation in the lumen by activating t ttftli Oiy Aedanaita. 
Irritant eathunte-* are regarded m direct acting or indi¬ 
rect acting depending on whether a melaholic ullcnntH.ni 
is fifti required to farm an active product. 

-Several bland vegetable oils aci as irritant purgatives. 
Their action is based on hydrolysis by pancreatic I ipa.se 
in the huD inlcsline and subsequent formal ion of 
sodium and potassium sails, of the released fatty acids. 
These are then irritant soaps, which differ in potency 
depending on the ail used. Cadar nil produces highly 
initunL ricinoleales: raw linseed oil leads to [imnatuui 
of less irrilanl IhufettetL and olive: oil leads to rather 

mild oUveateft. The response to castor ml in prompt., 
and evacuatim of tli* whole intestinal tmci ocean, 
leading to an almost complete emptying. Moist bulky 
feeds- are needed following purgation wikh caslnr oil. ll 
is UM.'tS mainly in nimruininunts and is often employed 
in calves and foals. The effect occurs in 4-8 himre in 

small jiIieiiliIs Lhi3il 12-1 B hi«. m ns in large animuls. 

Another group Ik longing in this class include* the 
diphenylmethane ail hurt ur-s. which appear to have a 
grcaicr effect on the large intestine, Their precise 
mechanism of action is unclear. An etTeet is usually 
seen wjLhin 6-S hwnv. and fltftw trt Ctdandfi may 
occur with avenknage PliniolpliLhuleiu. the well- 

kiKiwo indicator. k a potent purgative b>uL only iu pri¬ 
mates and swine. Risacodyl also is a diphenyl methane 
aUhaitk: that inhibils glucose absorption and Na%K'- 

ATPase activity as well as altering motor activity of 1 1Hr 
visceral smooth muscle. Only about of any dose of 


biocodyl is absorbed This agent is used bodi orally 

and by enema. 

AnLhraqumcHK cathartics. also known as the emodin 

purge rivet, exert ao indirect itco*dtry purgative 
fectiofl. They are mainly of plain origin, htu a symhekic 

compound, to which all the aiiLhraqutnojie derivatives 
are related, is the prototype of the group. This sub¬ 
stance li I .A-dihydroxymiLhr-uquinone. nr dunthron. 
The other anLhRjquLnum'v are precurMir glycosides, 
which may be absorbed from the intestinal tract Lo 
some extent, but the portion remaining in the gut is 
hydrolyzed by bacterial enzymes in the large inlesline 
lo release ihc active aglycones latum as cnwdioL 
These cUhtrtks are mot effective if tank through the 

frillii.ll intestine is delated. Their ration is principalLy *ip 

ihc large intestine, when: ihc myenteric plexuses arc 
slimululcd. With prolonged u sc of these agents, these 
myenteric plexuses actually degenerate, wiih a recoil- 
UVt loss in intestinal motittty. The effect of daiithrcm 

may be manifested within 6-1-1 hours in small animals 
and within 12-36 houn in large animal*, Repeated dos¬ 
ing should be avoided in large animals because id' the 
long, latent period. A loti hasty second administration 
may lead to severe superpurgatiem, especially in the 
Iturve. Sufficient aiuhniquinonc can dislnbute into milk 
to effect aiming yomg. Uiiae color may dn.iw chMges 
Mowing adrniiuMiM <if mcaibm of thi^ greiup. 

The naluralty occurring: authraqtiinone glycosides 
include ^ennu and other ivcnntM-idc^ frusm CdW ^TP-* 
caicsru sagrada from Rhutmia.t spp.. and aloin* from 

spp, 

Soihbc ptugariven m m highly Lrrilmt ih^i rhuy iriay 
cau>e hcver colic and cuperpurgation. 

NeiirotnuM uhir Pijirgilivgs. Chcnlincrgie ageius with 
muscarinic aeiioiis will initiate hyperoic^ility of the Gl 
Lracl and pramolc defecation ^rul umiaekm Pa~istaLlic 
activity inenasea wiihiik lO-.ltl minutes following par- 
ejiLcral administration and within 2-4 hours, following 
oral sdmi nisi rat ion. Menhi ig mine. phy mini ig mine. 
bethttfiCoL and carbuthul have been used for thi^ pur- 
pttse. NeosLigmine has fewer side ellecls thim the tKii- 
ers. Co be may he pretipiuei mj care should always 
be token when using these agents when a mechunica.1 

nhfrUUL'tion is present or viuhihiiy of ihi- hcwul 8s dmihi- 
ful. Several other substances will also stimulate vis¬ 
ceral smooth muscle lo conLracL. either directly or indi- 
rectly. Vasopressin, oxytocin* KjK.. and other P(J 
iLihuU^h n capibk ofpfuudni cvu^-miiion of the rec 
turn. Oxytocin and rmistigmine have been shown lo 
stimulate release of VIP from the intestine, so the 
OKChutitn of action of this grt>up may be more com¬ 
plex than aL ftrsl believed. 

A number of deleterious effects may occur wiih 
excessive uf constant use of cathartics. Severe, contin¬ 
uous diarrhea and abdiuninal colic, leading lo dehydra¬ 
tion ud mo hhc*;li. may follow cwdouge, Other 
potentially harmful effects include ilecntusuxl HQlitfv- 
i-iy of the bUHtiul mwosu. megucolon. Ilalulcnce. loss 

of electrolyteft (especialty sodhtm, pcttuiuih dilorkk. 
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CHEMOTHERAPY OF NEOPLASTIC DISEASES 


KLEFSTTA S. KIHrEKK AND (>(lttDON L.COPPCM! 
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Administration of ehemLilherupy for treatment of pels 
with ewer has become an inlegml skill in many small- 
animal hospitals. Proper u\e of tbuo drugs requkH a 

working uiiilerslandiiig of Eheir unique pharmacology 

and range nf expected tOudlKVt as well as current rec- 

regarding. :-afe drug, bundling.. Treat¬ 
ment l>1 many cancers remains a challenging task 
because, despite inenased experience with Lhe use of 
chenmLherapeutic agents. therapy is often imc cunim, 
E\|* , n i w i nf i he drug> wiih appropriate incmiloring and 
(be supportive care required in (he event of lolidty 
may discourage some owners from pursuing treatment 
uf their pel with cbflnotbenpy. Hcwewr r with tanful 
puiieni xkctioa and mMitoriag and diem dKonm 
designed m he informative and miLlinc realistic goals., 
chemotherapy can he a rational means, tifimproving the 
palienf i quality and/or quantity uf life. 


TREATMENT PERSPECIIVUS. CtoW lh defined 

4 ls fuml when nil cancer cells that have the cupadly for 
lumcnr regeneration have been eradicated While CUKCf 
cure is the ideal goal, producing remission aod/QC pa3- 

Million re often AOtt readily achievable. A CUC6T i* 
said to be in nrmfcMNM wtkCO :dl dudcal evidence of 
cancer has disappeared but DUCrHOOpk foci of cancer 


cells may remain. AiUkrif rnvHMTtt refers to the 
treatment ofcaDHT (whei type i$ unlikely) u> reduce 
pain, improve Lbe sense of well being, or correct swifc 
physio logical oulAuctkn Hr tberepeulic regimen 
selected must he tonsislenl with the goul for the palienl 
(Ijg.. cure r remission, or palliation). 

fur most solid turnons, lbe lower tank of clinical or 

radiologie detection is aturiir 1 gram of tissue, or 
approximately |(r cells f Tun nock and C kti den berg 
1998)- Recognizing the need to enfitinue aggressive 
Irculmcnt in Ihe face of apparent complete remission 
f < 1 Cl 1 eeLtsJ was one o! Che faelors- leading to success in 
ihe creacmeni of ninny acute chiliihi/nxl leukc mi and 
lymphomas. Unfortunately. far must solid tumors, a 
drug-resistant subpopulatlon emerges and eventually 
leads U relapse. ArffinuRJ ckantokempy is given to 

pdentt with no overt evidence of residua] cancer after 
total treatment with surgery mr radiation. This strategy 
derives from pad upoiem with simitar patients who 

haw shuw-n y high nls of relapse from local micro- 
scopic nr distant radcroipctifllatic dneaie and from ihe 

failure of L-henunlierapy ur comMpw^nwdalliy tn*i- 
merit lo ultimately cure these patients after recuiTence 
of disease (Kaufman and Chabner 19%). In addition, 
there is experimental evidbttt 10 support ihe hypothe¬ 
sis chfil neoplasms um nuHJ stnlsiltvc In cbcmotiKfflpy 

411 (heir ciubest stages of growth, probably due to their 
higher growth fraction and shorter cell cycle times. 
Nco&dtfifVQiit ifrcrapy refer* to adjuvant therapy (hat is 
started in patients before treatment of the primary 

tumor with surgery or radiatum, A complete response 

ICR) is dkTtncd as ihe dSjappearancc of all clinical evi¬ 
dence of tumor I Morrison I998i), A partial icqnoK 
I PR) is defined a at least a 509E regressKHi of all meas¬ 
urable lesions, S.udik’ distJi>4 i SRti is defined ns Ji I-. --■■■ 
than 5^" increase in measurable lumor volume wiih 
no new imuor fesions, and progressi>e disease ifFDj is 
defined as a greater than 5tJ c i increase ici meusurubk 
tumor volume or ihL 1 appcaraiK e of KW lUflHf Icsimis., 
Chxmalhtrftipy muy be broadly dedived ;Ls die appli* 
ciiliou of dnigs m kill in' inhibit die ^rowlh ot viruses 
Of foreign cells, %ueh h haetena. in the body. Cancer 
cdll cm he considered ’foreign” in (his sense,. Cancer 
chemotherapy was firsi successfully practiced wbeo 
nitrogen musiaid-v used as war gun were found to 
inhibU lumcsr pw0L Unfortunately lliey were alu 
estiremely toxic far lbe p a tfc nt Effective ehemothcrapy 
frith minrc specific agents was not widely used prior 'to 
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EtclatiQttdrip wiih pen 

living dmflUiKH 
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iIk 1960s, Use of dieiiKiBheritpy in tanoef palienti 
grew markedly in (he 1970s. providing a mean* of cur¬ 
ing sume cancers and lengthening life expectancy with 
qil hen-. In contrast in radial ion iind surgery, where the 


limitations are damage to local vital structures and 
acccs to metastatic lesions, chemotherapy is princi¬ 
pally limned by (he predict of a population of resist- 
ant cells, The probability that resistant cell* will be 
present within a tumor U correlated to the number of 
cells proem and tumor volume. Thus. H has been 
found m human medicine that it is difficult to com¬ 
plete 1} cure many solid tumors consisting of mure limn 
I million cells (ipprOJiimaDely I mg of tissue) with 

chemotherapy alone. 

The decision to use one or several of (he irartmcnt 
HKNlaiities for a patient with cancer rests on factors, 

such as those listed in Table 52.1. Detailed recommen¬ 
dation of specific fnealmenl protocols is beyond the 
scope of this chapter. Protocol* fur timing and dosage 
of drug combinations have been published i Morrison 

199 Sd: Ogilvic and Mctore 1995), Veterinary pratk 

Lionels may also seek the advice of an experienced 
medical oncologist before instituting therapy with the 
drug 1 * to he discussed. Cancer the mu therapy should be 
approacibetl an a judicious manner hecati** iHl- disrate 
process is often intractable and the drugs are frequently 

toxic. However, carefully planned and monitored ther¬ 
apy ean prolong an animal's life while improving qual¬ 
ity of life and hi be a positive and rewarding experi¬ 
ence for both tine pet owner and the velerinarian. 


CANCER BKILFKbV. A brief review of certain 
aspects of emitter biology will aid in understanding the 
rationale behind treatment protocols and the I imitations 
of chemotherapy. Discovery of qualitative differences 


between normal and cancerous cells would facilitate 
development of move selective drags, t.c,, drugs chat 
have relatively lower toxicity for normal tissues. Selec¬ 
tivity is currently b«sed primarily on quantitative dif- 
forem ms. Thai is. both normal md cancer cells have 
essentially (he SSIVR ongoing biochemical processes* 
but the rates anil timing may be very different. For most 
tuioors, the success of chemotherapy depends on hav¬ 
ing drugs that are taken up mire avidly by tumor cells, 
thill hand more lightly to some tumor cell constituent 
or that affect processes that occur more rapidly in 
tumor cells, Lhus enhancing their effect on earner cells 
relative to normal cells. 


Left Cycle. Hie cel/ cycle is the progression of a 
dividing cell through phases from one miKM* in the 
next, Gl. ii presynlheiie phase, immediately follows 
mitosis and is extremely variable in duration, depend¬ 
ing on the cell type and the presence or absence of 
nutrients, growth factors, and metabolic by^pnlduKt-S, 
During this phu-ve. normal cellular events, including 
protein and ribonucleic field iRNA i synthesis occur, in 
preparation for dcusyribonuelcic acideDNA) 

during the S ph&iC. Control of initiation of ihe S phase, 
as well as other evenly in the cell cycle, has been inten¬ 
sively investigated for cluo to unique reactions that 
could be targets of anticanccr drugs. The S phase may 
require between K and 20 hours lor completion, Con- 
sLiLuents requ ired for mllftsis Lire synthesized during I he 
next phase, G2, which may hist 3 hours, Mitosis (M 
phase l Lypieially requires I hour for completion to end 
the cell cycle. 

For a variety of reasons, as tumovi mature, certain 
cells may strip traversing the cell cycle, Others may tra¬ 
verse it so slowly that for purposes related to Cancer 
therapy's they are not in the population of actively divid¬ 
ing cells, Operationally, these cells may be grouped 
and referred to as being in the GO phase, Such edit are 
not part of the “growth fraction 11 of the tumor. How- 

over, under proper growth conditions, those that were 
merely traversing the cycle extremely slowly may be 
“recruiter hack into the pool of actively dividing cells. 
Cells that have stopped dividing because id diffcrentoi 
tioo to more mature cell types are less likely ta he 
vwmitod into the population of dividing cells. One line 
of anticanccr research is investigating means of induc¬ 
ing such terminal differentiaiion. 



Iiiinnr I i-roulh U^iIl-. I Hl.- uppiknjnl griiwlBii rate 4?t u 

Cumordoes nul necessarily reflect the rule at which cells 
traverse the cell cycle. If it did. and the tumor consisted 
of only Line ini im mull cell type, tumor growth could be 
described by a simple geometric progression; Le., the 
number of cells would double after an interval equal to 
(he cell cycle time. If ibis were the case, and if Hi’ cells 
were required for diagnosis of a tumor, approximately 
.12 cell cycle times would he required for a single can¬ 
cel cell to result iia a clinically apparent tumor. 

In an experimental tumor system n was observed 
chat ihe lime required for the number of cells to double 
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perspective on die relationship. The following values 
for the dog l is-l (he weight in kilograms followed bj the 
surface area in square meters; l, Oil: BO, 0.46c 20.0,74; ; 
30.•O.'+fn 40. 1,17: &im) 50. t.36, Obviously, failure to I 
convert the paEienfs weighl from pounds Ip kilograms 
prior to UMng the conversion table will re will in ui ; 
approximately doubled dosage being administered Id 
the patient. Fur many drugs. ihivL^olculaition error could 
he filial. 

For several drugs, it has been shown that using body 
surface area For dose calculitlm rather itoio weight 
may 1 end to inappropriate drug levels and toxicides. 
piuiLLufeiii ly In smaller patients (Airing ion er al. 1094; 

Page ei al. 1.98*1-. For further dmusHimu of die use of 
body surface arca-hased dose coJeulatkms, see Priee 
and Frazier 1998 and Frazier and Price 199*. 


As one might predict, drug dwage, interval between 
doses, and duration of therapy are crucial factor* in 
determining the success of cancer therapy. It is impor¬ 
tant to realize dial drug* must be used at the maxi mum 


dose possible h) achieve optimal therapeutic effects, If 

the dose of a drug is decreased io the point dial it does 
nor produce clinical lucidly, die regimen will likely 



Resistaiict. Despite increasing success in treating 

t ■;iii- ■’i. |'iii Ik iil.i: ! ■ II- ]"»iLxtliL'iiiv miciidl iespim\i:^ t lint 

often the long-term result remains failure. Although 
drug resistance can he viewed from the pcrspeelive of 
she whole tumor, ultimately drug effectiveness will 
depend Lub lifer response of each individual cell Id life- 
drug Resistance ID drugs by individual cells tint he 
temporary of permanent and can be pcesent when ther¬ 
apy is begun or arise during its course. Resistance 
mechanisms can he divided into three broad categories: 
low concentration of drug in the tumor (pharntaraikb 
Ktic resistance): smal l fradion of cells in a susceptible 
state (kinetic resistance): and biochemical resistance of 
the tumor cells to Ihc drug even in normally susceptible 
phases (genetic resistance)-, 

F/hinmit’iYkmetic m ulanra can occur in response Id 
changes in absorption, distribution, bkuransfumuition^ 
and elimination of drugs. Distribution ID tumor cells is 
lkiw of the mnsi important of these. Blood flow to 
[Ufnors is mu as well regulated as it is id normal Sissues, 
(si Tact, tumors may outgrow their blood supply, lead¬ 
ing Id extremely slow growth in affected portions of I he 
tumor due tu lack of nutrients including oxygen, and a 
buildup of metabolic by-producla, Under these condi¬ 
tions, drug delivery ID many pans of the tumor may be 
impaired, and further, drug that docs reach these sites 
may find fewer responsive cells. because under unfa¬ 
vorable conditions cells may leave the growth fractiun. 

As menlioncd earlier in this chapter. most cy Wtftltic 
drugs are more effective against cells that arc rapidly 
moving through the cell cycle, as wvkl occur an 
tumors with a large growth fraction. Since the growth 
friction is generally inversely proportionali to the tumor 
volume, ilk nut surprising that cytotoije drug therapy 

is less effective on large tumor* due. in part, to the 


decreased growth tract son. This type of resi stance has 
beers termed tmefic resistance and is considered to he 


rev era hit*. Ei) I his type of resistance, large mum burs of 

cdh may bet tunc resistant at once. 

As important as pbamacokinetw: and kinetic resisE- 
uiices. may be, they are ultimately less responsible for 
drug I allure than genetic mistimi'e* where the trail lor 
the particular resistance is passed to daughter cells and 
is irreversible. This type of resistance arises from a sin¬ 


gle mutant cell and may be present before therapy is 
begun or may appear during ilterapy, Ry the time they 

are diagnosed, most tumors have iit least a few cells 

that are resistant to a particular cbemodierapeuiic regi¬ 
men. Regardless of how or w hen resistant ce l ls appear, 
as sensitive cells are killed, the resistant cells constitute 


an increasing proportion of the lota! number of tumor 

cells* After they become the predominant cell type. 


wluu was originally a "elinteaHy sensitive” tlHlWf 
becomes a ’'clinically resistant” tumor. 


Tbc Gatdie-CeUmm modW UsmAcfl that genetic 
resistance i^ a permanent alFur-nunc pheocifllKtfein and 
predicts that once a single cell within a tumor becomes 


resistant ID the Current course of therapy, that therapy i-s 


ultimately doomed to failure. This assumption has been 
challenged, however, by the findim that in at laid one 
in vitro Honor model, resistance is associated with 

shifts in the dose-res ponse curve to the rigtiL, i.e., IP 
requiring higher doses qf drug (Kuczck and Chart 
1992}. Nevertheless, the Goldie-Coldnian model is 


V4iluiibk- because il highlights the importance uf early; 

aggressive therapy to minimize line time available for 
resistant cells to appear. Biochemical mechanisms, of 

genetic drug resk-toiwc in tumor cdls are Mmilur 
those of bacteria. The following mcchuisnis have been 

lisLed: decreased intracellular occumuBalion of drug, 
defective transport. defective drug activation, altered 

DNA repair, gene amplillcatioft. altered, target protein. 

increased drug detoxitkaikm, and defective apoptosis 
(Kaufmiui aiwl Chibner I C I 96 |. 


Decreased Iiilracdluhir accuiiiuhitioil of drug is Lhe 
ultimate result of ;i well-known pbeflOUhenun called 
nwiiiitrug misuxnce (MDR), which kiid^ to resistance 
Lo Mructurally different drugs, e.g,, anchracydines. 
cp LpodophyIIkstgxins, and vinca alkaloids. Other mech¬ 
anisms of MDR conlinue to be investigated, including 
alteriition of DNA tupdsuromnse activity, dlenuitn of 

gluiaLhn.KiM; maabulisns. iiwreared lumg-iwisteiKre pnv 

kin. increase in DNA-repuir associated protein, inhibi¬ 
tion of apoptosis, and multiresistancc proleiR-associ- 
oied MDR (Goldie and Goldman 1998; Kaufmaii and 


Chahner 1996: Tim nock and Gnldcnberg 1998). The 
following ducuukn wall focus on lhe hesl-sludied 
exojnptew inembnufe- bouFid p-glycoprotein (Op-170) 
activity. 

Decreased aceumulalson of drag in MDR cells i* 
ass<jelated with overexpre-ssaon of p-glycoprotem 

{GpITOj, which acta m a membrane ttuspHtor for a 
variety of molecular structures from the inierior of tbc 
celt. Ibis membrane glycoprotein pumps drugs out of 
cells by a mechanism that requires ATP. Substrates for 
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other drugs, hut requires mullisiep acMan in the 

liver. The first step in the activation of eycloptoos- 

phamitk is accomplished by a hepatic cylodVQflR P- 
450 mixed-function oxidase One (rf the metefcohltt,. 
aldophosphnmide, may he converted no phnsphnranriidc 
muUard and acrolein in target cells, Phnsphriraniisle 
mustard alkylates and cmss-links DNA strands. 
I ik reused aldehyde ddiydrageiNisc toilwinjalMjns have 
been documented in some tumors resistant to 
cydophosphamiLfc. 

When used clinically, the dose-limiting Hide dtbciof 
cyclophosphamide is hone eeuuijuw suppression, lead¬ 
ing to leukopenia and thrumbucytupen ia. The nadir 
occurs 7-10 days following oral or IV administration. 
Sterile necrotizing hemorrhagic cystitis, probably 
caused by the metabolite aerated n. has been associated 

with adminisEEHiiofi of cyvlophosphimidie in both cuts 
and dogs (Crow ct al. 1977) and is a. cause for stopping 
therapy with the drug, To decrease the kkkace of this 
tonicity, which is manifested by bloody urine, dywril, 
and frequent wdoJim)' bacterial uihctionip the cured 

drug should he administered in the morning (if the pet 
cafi he let out during the day) so Chal the animal can he 
allowed 10 UCilHle frequently. Wutf intake may be 
encouraged by lightly salting the food and, in some 
instances, by the concurrent administration of eonkiv 
sleroids. Sterile hemorrhagic cystitis has developed 
after a single IV dose of cyclophosphamide I Peterson 
el al. 1992). In. Addition, eye lo pho s pfuun i <ie has been 

associated with the development of transitional cell 

carcinofflfl. of Che urinary bladder <Maty el al. 19&3>. 

Ifosfamide is a structural Analog of cyctophtifr- 
pharakte that ha* been proven to have some efficacy 
against canine lymphoma (Frimhergcr c! at, 1995). It is 
also similar in cyclnphfw,phamidc in that it m\m be 
converted to cytotoxic meiaholites in the liver. One of 
these metabolites, phosphucami-de mustard, can alky¬ 
late iuid cn>A-link DNA chains. Currently, ifosfumide 
is not a first-line drug-1 n propensity to cause dysuria, 
frequent ufinAioti, and ocher skgm of bladder irriuulon 
is wen greater tlian that of cyclnphosphamidlc. Bladder 
iltipliotl with thiol compounds may help, and system¬ 
ic-ally administered jV-aceiyteysidne may Alto be of 
vstae. It is highly recmninencled that imesna be concur¬ 
rently administered (Elias ct al. 199fl; Friinhcrger et al. 
1995). Mcsna (sodium !2-mcrcapn:>clhanesulforiaie, 
MesiKxi iiH an injectable used prophylactically and 
speeilkiill) 1 to reduce the incidence of cystitis. The 

physically inert mcsna disulfide fadsitiTiisim^d form) is 

reduced hy renal tubules to mesiUL Mesna hinds to and 
detoxifies urotoxic metabolites of cydophosphamkle 

and ifosfamick 1 Elias ct al. 1990) Mydosupprexsiol) 
(neutropenia and milder thrombocytopenia) remains a 
duse-Iirnisiing toxicity. 

Metphcdm USP (L-Phenyliihuiine mustard, Alk- 
ttH}. has been used primarily for treatment of multi¬ 
ple myeloma. It may pnxlucc anorexia* nausea, and 
vomiting hut lends to be well tolerated. Leukopenia, 
thfomboeytopenii, and anemia ore the dose-limiting 
toxLcilic^. 


C'hh)tiurrimi'il, USP (Ijcukeranl, is used in cases of 

chronic lymphocytic leukemia and small cell lym¬ 
phoma, u.n well InflbiftmaEory disorders character* 
teed by lymplweyis infillration in dogs und cats. It is 
also used as a substitute for cyclophosphamide, partic¬ 
ularly when heinnrrtiagic cystitis has dev eloped. It can 
be used orally and is the slowest acting of the mustards. 

Its toxic cflbch are bone marrow suppression, includ¬ 
ing leukopenia and delayed thrambocytripcni.a, hut it is 
typically well tolerated by dogs and cals. High closes 
may cause cerebellar necrosis and atrophy. Nausea, 
vomiting, diarrhea, and skin pigmentation are rare. 


Alky L&ULrtta Ails. Bmulfatt, USP (MylecuiJ. is the 
only significant member of the alkyl sulkmatcs. It is 
used lo treat chronic granulocytic leukemia and poly* 

cyihemii wa in people. Therapeutic produce 
myekHUppression; in humans., the leukocyte count 
begin* 10 fall after approximately 10 days of therapy 

and continues lo fall fur 2 weeks after discontinuation 
of the drag Thromhoc y t openia anil anemia may also 
he evident. It may produce so-called busullan lung, in 
which pulmonary fibrosis i^tlk; end result. Skin hyper 
pigitteiiCalion WtdHklly occurs. 


NfilDSCHREAS. The nitrosoureas include camnusLine 
and lomustine. Strcpinzotocin. mother nitrosourea, is 
rarely used in treatment of animal cancers due to 
nephrotoxicity hut has been used Lo LreaL insulinomas 

in dogs (Meyer 1976, 1977). The nitrosoureas are pri¬ 
marily bifunciional alkylating agents hut also act by 
Carbiinioylalion of lysine residues of proteins, Because 
they are highly lipid soluble, they have proven useful 
against tumors of the canine CMS. a* w ell a* relapsed 
canine lymphoma r Diirnki and Cook 1990; Fulton and 

Kteinhcrg 1990; Hamilton et al. 1991b; Moore el al. 
IWSjlJl There are reports of its use for unrcsceiaWe 
mast cell tumors in dogs. 

Limbing Lux icilies of thi s group 4ire severe: cumula¬ 
tive niyelosuppression and Ehrmflbucyiopeni? I JetayiaS 
and cumuliUive hsone marrow suppression is a n me wor¬ 
thy characteristic of the nitrosourea^. In humans the 
nadir is reached in 4—6 weeks. Tliere is no cross-resist¬ 
ance with other alkylating agents, and Che drugs ore not 
cdl*cycle-specildc. Tin* nitroseiureas have extremely 
short plasma half-lives; in humans the a and |1 half- 
lives ire 6 and 68 minutes, respectively. In humane, the 

chugs ore primarily metabolized in the liver. 

£ ’arniu%1 i ne, 2-*:hlr¥mtH liv I l-.V n iln^vniirca 

(BirCNU, BCNU), used in humans with meningeal 
leukemia and other brain tumors. The treatment inter- 

valp dosage, or bosh sire altered if myckdi^ppressioii is 
severe or persistent, The infusion rate must he slow 
(dose given over 1-2 hr) to present local pain. Nausea 
and vomiling are major problems and occur about 2 
hours after drug administration. HepalcMosidly is man¬ 
ifested by increased scram glutamic pyruvic transami- 
nase (SORT), alkaline phoaphut^e, and bilirubin. In 
addition Id the already mentioned bone majT43w sup¬ 
pression, there may be renal toxicity. Lomustinc 
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PtRjvimrNE Anauxis. C>^mWw. lISP (p-eyttwine 
aratoinosidc, arahinnsyl cytosine, Afi-C, Cyiowrji, is- u 

pyrimidine analog that is well established in ihe [feat- 
merit of acute leukemia in humans. as the soto agent, 
and in combination*. Ii has also been used for lym- 
phoneticvlar and naydopnlifoithe disorders m dug* 
and CI1&, particularly when the CNS is involved. Ii ha* 
been reported to cause remissian in a cat with 
incgflta^ocytic leukemia (Hamilton et at. IWlc). 

Cylanhine enters cells via a membrane transporter 
It anJiihics DNA syndwii and is, tberebit, active in ihe 
S phase of the cell cycle. It must be activated to Ara- 
cyndinc triphnsphaie (Ara-CTP) 10 inhibit DNA syn¬ 
thesis. The first step in ihe activation of Ara-C is phus- 
phuryluLicin catalyzed by dcox.yeyti.dine kinase to form 
Aru-eytidine monophosphate (Ara-CMPh the 5*- 
mont»phcBphah? nudootidc. AibhCMP is then convened 
io Ani-CTP, whkh serves ts a, substrate for DNA syn¬ 
thesis., DNA poly literate is- inhibited by Ara-CTP, hut 
the dominant cytotoxic effect stems Item incorpurill ion 
of Ara-CTP into the DNA chain, where it terminates 
chain growlh. 

Acquired or dc novo resistance may he i rirla l to 
increased iiUfiKellular concentration of cyiidinc deam¬ 
inase, which Converts cylanibinc lo a Levs tonic form, 
Ara-U, Resistant mutants that luck dcaxycylidinc 
kinase, the activating; engine, haw been identified. 
Some resistant mutants have been shown to haM high 
intracellular concentrations of deox yeytkline triphos¬ 
phate (dCTPl, causing decreased activation {phogpho- 
ry Union) of cyunbine. 

Bone marrow suppression is the dusc-limiting tns ic¬ 
ily. It is manifest hy leukopenia, thromhncyLtipema. 

.uiennNi. and megidoblastasix. The leukocyte count may 

drop within 2 days and continue to fall for up to a week 

■after treatment is. slopped. Rapid IV injection H espe¬ 
cially likely to induce anurexia, nausea, and vomiting. 
In contrast to fluurouracil, stomatitis is uncommon. 
Mild, reversible hepatic dysfunction may occur. The 
drug slum Id be given hy IV infusion for best results hut 
lias been administered subcutaneously in animals 
CytarubLne is included in many protocols fur treat¬ 
ment of CNS leukemia and! Lymphoma in dogs and eats. 
A pharmacokinetic *ludy revealed that cylarabine did 
cross the Mood-brain harrier and that therapeutic doses 
could produce effective concentrations in the cere- 
brospinal fluid (CSF) of dd|s i Scnti-MonerielF et uL. 

1991). The plasma elimination half-life in dogs was 
approximately 64-69 minutes, whereas ihe half-lire of 
cytarabinc in O F was 165 minute v The peak concen¬ 
tration of cylarabine in CSF was 29 pM. 

Plu&mtrarH 1JSP, 5-f| imro- i.I //.3//)-pyrinn idi ik- 

dkme (5-FU, Efudcx, Adrucill, is a pyrimidine analog 
used in people Par carcinomas of the mammary gland. 
G[ tract (colorectal curGinofiusk and ultraviolet 
light-induced tumors of the skin. Some exploratory 
W'urk has been done in dogs with 01 tract tumors. Ihe 
topical preparation of 5-flonrourac il has been used Oh 
cutaneous, squamous cell ouvinumns in dogs and horses 

(Madewell and Theiloi 1987; Fortier and Haig 1994). 


EtoLn DNA synthesis and RNA synthesis and tunc- 
Lmn are altered hy S-FU metabolites The pm-cl mg. 5» 
FU, is metabolized intracellularly to .V-fluorouridine 
monophosphate (FUMP) and then to 5'-fluo- 

mdeoxyuridlne mmophn*fihaie (FdliMP). MUMP, a 
potent inhihiiof of thymidylarte synthase, decreases the 
synlhesis of DNA pnsemou. Fluomuracil is also 
ineorpufuted into RNA. Et is highly cell-cycLc-spcGifie, 
hue no clear association with a particular phase has 
hum demonHlfaied. The relative inipoitancc ol inhibi¬ 
tion of DNA synthesis versts effects on RN A synthesis 
appears to he tumor depmdmlr 

Fluorouracil, is most, toxic to bone marrow and oral 
and CH mucosa Thus, bone marrow suppression mani¬ 
fested hy neutropenia, thrombocytopenia, and anemia 
can be severe and is the major dose-limiting factor, 
Anorexia, and vomiting are frequently seen. 

Diarrhea arid stomatitis are indications for the interrup¬ 
tion of therapy, CNS toxicity is regarded as unusual in 
humane hut may be more common in animals (Mom- 
Sfln |998b) f The signs include dementia, excitement, 
tremors, and ataxia, sometimes Followed by 
opisthotonos, tunic-c Ionic convulsions, dyspnea, 
shock, and death. Unexpected neurotoxicity w a as 
reported Whm 5-FU was used in combination with 
dactiniMnycbl and cyvIophosphamide !'Hammer ec al. 
I^Q4fl |, The drug i s contraindicated in cats due to neu¬ 
rotoxicity < Mom son 1998b). Other manifestations ol 
toxicity include &kin rash, SlkifKCkk. hypL'rpigincnla- 
lh.hu. phuti^iensitization, and mild tissue initiiiiun A 
cream form u I niton has been shown m he very toxic if 

aKidentally eaten. A report on 5-l-U tomkity in dogs 
has been published C Dorman et at. 1990). 

F'ltMirouracil is unpredictably abM^rtnid from the GJ 
tract and is usually' given hy ]V injection. The drug is 
highly metahkilizcd and rc-jdily enters the CSF FLlKh 
ruuracil is supplied in ampules condiung 500 mg of 
drug lor IV injection and as a 5% cream CEfydeM. Tile 
cream is intended for actinic keratoses and superficial 
basal or squammiv cell eareiiHvma. 

Pi RINEi AnaI .OGS, Mrrraptopu rwe. USF fl h-mercap- 
topunne. 6-MP, Purincihol.k is a purine analog used 
mainly lo treat lymphoreLicular lumors in human-s and 
has, been rarely used to treat leukemias in dogs. Its 
dose relative, AuuMt^jw. USP 11muran), is used as 
an immunosuppressive ^gent. 

6-Mereaplopurine must he activaled in v ivo, ll is a 
substrate liw hypoxnnlhinc-giMmiinc p#idhplKiril>o?iyl- 
transfera^e (HGPRT) and is converted to the eorre- 
spundbE ribonuclcnlidcs.. The product of the HGPRT 
reaction & i ih 6-M P, 6-Lh iainosine -5 '-phosphate. 
inhibits conversion of IMP to AMP and GMP, passibly 
the cytotoxic effect. Acquired resistance is not shared 
with other neoplastic agents and may be: most often 
caused hy a deficiency of the enzyme HGFRT Other 
mechanism*! including decreased uptake by target 
cells, have ham rep^oedr Leukopenia* anemia, lu hJ u 
loss severe ihrombocylop^ribi may occur, Gl toxicity 
includes frequent nausoL, vomiting, and anorexia. 
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Stomatitis and di arrheiL are rare. Reversible cholestatic 
jaundice is fairly frequent. MercaplDpuruie is variably 
absorbed after oral adm mi stratum. 


INiilural Fniduds 


Vinca Alkaloids. The vinca alkaloids are large, 
complex substances derived from the periwinkle plant 
(Mrtctf m L.). Although similar in s true Lure. VjVr- 

crislme Sulfair, IJSP (Oncovin). and K'infrknfmt' Sul-* 
fate* USP (Velhan, VelsarL differ considerably in anti¬ 
tumor efficacy » well m in the doses that produce 



wed in veterinary medicine in cwiNiudon 

with others. Vincristine is the drug of choice for Ireal- 
irag transmissible venereal tumor and is commonly 
used against lympfoorelieular neoplasms in a variety of 
combination protocols. In addition, it may he used in 
moibinatiou with doxorubicin and cycloptonsphamide 
to Ml soft-tissue sarcomas. While rincriatiiie has not 
proven particularly effective, vinblastine has been used 
with some success Io treat iinreM j ctiible canine mast 
cell tumors (MtCaW et id. 1997; Thumm eC al. 1999). 
Vinca alkaloids are specific to the M phase 

Vinca alkaloids arc taken into cells by an energy- 
dependent earrier-mediatwi transport system. Both pro¬ 
duce a colchicine-like arrest in melapha.se. They bind 
1o tubulin, a key protein in microtubules. and cause 
their dissolution. Microtubules are important for main- 
laming structural integrity of cells., as conduits for 
transport of solute* »d iteuroininMiiitterv and for 
secretion of Mime hoomones, such as insulin and Thy¬ 
roid heumnnes. They are also important for mitotic 
spindle formation. Inability to segregate chromnsornes 
may he the cyt-cUffilie effect, hul the alteration of trans- 
poft processes may underlie some of the adverse 
effects. Both colchicine and podtaphy II Lo toxin bind to 
luhulm, but apparently at sites different Ihwn the vinca 
alkaloids. Hlxnl,. an exploratory anticancer drug, also 
binds lo tubulin, but the effect is to iincrea.sc stability of 
microtubules rather than to cause Itieir dissolution. It is 



remarkable that although scructunsUy similar, there is 
no cmss-resisianee between vincriftine n.nd viablas- 
linr. The vmeu alkaJtikis are. however susceptible lo 

the MDR pbenofneiDn related to ihe presence of p-gky~ 

ooprotein in affected cell membranes (Georges et al. 
|99t')) P 

Vinblastine may produce a dose-limiting leukopenia, 

the nadir of which occurs at 5-10 days. Hematologic 
effects of vincristine are mild., hu.1 neutropenia is occa¬ 
sionally seen (Hahn el al. 1996), Thrombrxytopersiiii 
andl anemia are rare with both drugs, Indeed, vin¬ 
cristine induces thromb<x:ylosis and is used lo ire-ail 

severe cases of imraune-m&diaied throribocytopciila, 
Both are severe tissue irritants. 

VIneristine is much more likely than vinblastine Up 
produce neurotoxic ily. although entry of etLher djug 
into the brain and CSF is minimal. This difference is 
paradoxic because vinblastine is more Lipid soluble. 
One hypothetical explanation is That ihc slower climi- 


nation nf vincristine relative lo vinblastine may lead lo 
prolonged exposure of nerve tissue io high concentra¬ 
tions oil vincristine. Mild sensory neuropathy present¬ 
ing with sensory impaimnenl and parawthesia is com¬ 
mon in hitmans and is nut dose-limiting. (Peripheral 

neuropathy manifested as paresis, voice change, or 

muscle wasting may be noted in animals (Hamilton et 
al. 1991a; Morrison 1998b). 

In dogs, vinca alkaloids arc eliminated by biliary 
excretion into ihe feces (Gulden and Langston I9&S). 
Both drugs arc bound rapidly after injection by 
plalekb, leukocytes and other iissues rich in Tubulin, 
which probably contributes to their rapid clearance 
from plasma. Because of the vericanl action of the 
vinca alkaloids, they should be careful ly administered 
through a butterfly or indwelling catheter. 


Tascii.. Thiol ipaclilaxel) is the subject of intense 
interest because it has shown antitumor activity in 
drug-refractory ovarian and breast nircinomiiA, in peo¬ 
ple (Horwin 1992). Its source, the bark oi the slowly 
growing yew* Tams hmifnliti. found only in old- 
growlh forests of the Pacific Northwest., made Llh use 
problematic. Many trees had to be destroyed to obtain 

sufficient hark for a limited number of doses. However. 


supplier of the drug are now more plentiful due to suc- 

cessful efforts Lo synthetically produce the drug. Vei- 
ennavy applications have not yet been extensively 

developed. 

The mechanism of mxul pro raises new approaches to 

therapy, It is most effective m an inhibilor (if cd! repli¬ 
cation in laic G2 and M phases of the cell cycle. Taxol 
binds specifically and reversibly to tubulin subunits, 
preferentially to the p subunit. In the presence of 
micmtubule-associatcd proteins, it can polymerize; 
luhulin into stable microtubules. Ordinarily,, micro¬ 
tubules are formed at 37° with expenditure of CTTP. 
Calcium aons and reduced IrmpcraUirc (4 I depolymer- 
Lze microtubules, but ta.xol converts the polymer into a 
stable form that will nul depulyiuerree. Because poly¬ 
mers must continually be formed and broken down to 
meet changing needs of cells, laxol-induced stability of 
microtubules is obviously toxic. 

ResistaA.ee to taxed stems from alterations in ft and p 
subunits of tubulin and from the p-glyeoprotein irans- 
port sysEem Associated with MDR. An interesting 
observation is chat some cells with altered tt and [5 stib- 
unils are actually dependent cm laxol. This is reminis¬ 
cent of bacteria that mu) he sensitiwa resistant, ur 


dependent cm sire plumy cm depending On which one uf 
three specific am inn adds has heeu i ncorpimiivd at a 

specific localirai in a ribwnol subunit, 
tn predukil normal dog studies, sensitivity to the 

vehicle used Lo keep the drug in solution, cremopbor 
EL plus alcohol, was manifested as pruritus, anaphy- 
la.\is, hypt-Xensitm. and edema (Opilvk el at. 1993a; 
Dpi vie 1994 ), Mycfosupprcssiun may he the dose-lim- 
itiiig toxicity and occurs m days 3-7. A hbnugh iLow¬ 
ing the TV infusion rare may also lessen acute side 
effects. hypcrsenffiUiviiy reactions con be minimi/cd by 
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prelreatmg the patient with corti aneroids. iriiinMidinre. 
and diphenhydramine 1 hour before administering 
pudilaxel (Morrison lU^Kb). Cals receiving the drug 
muy develop anorexia ihiri cun las! several days, 

EpIPOPCNPHYLL-OTOXIP 4S. PodophyILnioxin is an 
extract of the mandrake plant that has led to the devel¬ 
opment of two synthetic derivatives: lemposide (VM- 
26.1 and etopuside {VP-16, VP-16-213„ YcPesid). 
Ltopo-side has become an important agent in the treat¬ 
ment of some human Lamars. The mechanism of action 
of these drugs is apparently qu ite different from that of 
their parent. which is a spindle poison and produce* 
metaphase arrest. Prolein-linked single-strand breaks 
in DNA have been observed after exposure to ciopo- 
sidc, It inhibit nncleosiiic transport into cells as well as 
RNA and DINA synthesis. Ltoposide banding Lo lopui- 
sonierase IE may he responsible tor the cytotoxic effect. 
TopcMsomerosc II catalyzes topulogical alterations in 
chrornosotnes that allow replication, IniiiMripEioii, and 
repair of DNA. Elupu*itk; acts primarily iii the 02 
phase bin may also act in laic S nr M phases. Increased 
expression of the p-glycoprolein associated with MDR 
has been observed in some tumdri resisUmL to tins 

drug. In a study of 13 Jogs with lymphornu. only 2 had 
a response alter treatment with etupuside tHuhcnhuus 

und Mflftus 1990). 

In people, the predominant dose-liihiliiig advetu 

effect is henuiologic, particularly neuiropcnia. The 
nadir occurs during the second week and recovery 
occurs during llie third week. Nausea and vomiting are 

usually mild, and hair loss me common. Peripheral iwu- 

a iipiuliy has been ahsen, ed and may he additive with 
IhiLt caused by other anticancer drugs. Porenlerally 
administered etopusick shuuld be given by infusion lo 
avoid hyputertsuuu. [Jogs receiving clSposide become 
hypotensive and exhibit a cutaneous reaction diaracter- 
ijed by moderate lo severe pruritus, urticaria^ and 

swelling of the bud and extremities attributed to the 

drug vehicle, palyaorhote 80 tOg.il vie cf a]. 39KS; 
Hohenhaus and Mains 1990). 

Etoposide iv highly hpnphihc hut sti.ll produce? a 
low cffnceutration in CSF. Approximately half of the 
dose is eliminated in the urine, of which 3TO i& inac¬ 
tive as mciaholites. The remainder is, eliminated by 
hepatic biotransTofmation and biliary secretion. Scxerc 
hepatic dysfunction is on indicaiion for dose reduction. 
Half-lives after a single IV dew are 2.* and 15,1 bow 
in hunuuiK t'Slevin 1991). Etopcwtide may be given 
orally or J V. Oral bioavailabilLty is approximately 5l¥ft 
but is not linear with dose. 


Antibiotic?!, Clinically useful intineoplastH: antilbi 


cuies were obtained by screening ihe broth of St^f^ 
Jim.fj organisms for antitumor activity. All of the drugs 
in this series mleraci with DNA and/or RINA but may 
act on other cellular substituents a* well. Currently, it is 
believed that most of the toxicity and antitumor activ¬ 
ity is ihe result of fret radical formation Of inhibiskm 
of Lopoi Hiimcrosc 1L which causes DNA fragmentation 


iMomsofl 1998a). In addition, alteration of Ihe DNA 
helical stimture that occurs. with DNA intercalation 
may trigger enhanced tppol«omeme II activity and 
provide a mine vulnerable target for mthracydine 

activity. Dosage does noL appear to he as schedule 
dependent as with the iiTUimcLabolitev. so the iintibi- 
otks may be tesv tell-cytie-pliaM. t -dependenL. but Lheir 
major activity is slilll evident during the S phase, ll is 
difficult to generalise about the toxicity of this group. 
All except bleomycin must be given IV because they 

produce tissue necrosis. 

The three mthmcvcime derivatives used in clinical 

idr 

oncology are doxorubicin, daunonihem, and initox- 
antrone. MitoxatHf ww differ from Ihe other two in that 
it is semi synthetic and lacks a *ugar moiety. 

DOLEarufrion Hydrochloride^ USP f Adriamyc in L is 
one of Ihe most important chemotherapy agents in vet¬ 
erinary medicine and has antitumor activity against a 
w ide variety of tumors, including solid tumors (Ogilvic 

etal. 1989a). Ic is included in itioaiy sequential cumbi- 
n at ion drug protocols und is also used as u solitary 

agent. 

The anthracydines arc tetracycline ring structures 
substituted with the sugar duunosamine. Doxorubicin 

intercalates between base pairs of DNA. Because of the 

lack of correlation between intercalation in DNA and 
eytcuoxidiy, it lias been argued lhal drug* said to act by 

■’intercalating" actually interfere with the topoiso- 

mcra.se II reaction. As a result, it has been suggested 
that these drugs should be referred Lo as "DNA lopoi- 
somenise II poisons 1 ’{Schneider et ul. 1990). 

UUfailKn of DNA ■dependent RNA ayndwaia m u 
result of interactions described above is only one of the 

reputed mechanisms cHl action of doxorubicin, ll is also 
well established that generation df free radicals by the 
elexlnni-ijicceplmg and electron-donating qumone aiwJ 

hydrcxjuinoik moieties of doxmil^drv cause mem¬ 
brane damage and DNA strand! breaks. 

Doxorubicin enters cells by a puiw trails pod 
process. It is now welt estibliehed that one cause of 
resistance lo anthracyclincs is excess activity of the p- 
glycoproiein transport system. The p-glycoprotein 

pumptSi antbraeydinea und other thugs out of cells, 

leading tudccr<M^-il i ul i. il s-11 nl ill tmiceM[r;ilk-.ii t H h=i 

causes nf resistance in doxorubicin include changes in 
the cell membrane, changes in intracellular general ion 

of free radicals, gene amplification, and decreased 
affinity of tufuiisiMiKnise Gl for the drug. Calcium 
antagiinisis have been noted to reverse i»is,l4tnce in 
Mirnc model tumors. Other approaches to modulating 
MDR include encapsulation of drug in liposomes, 
which may alter Us rntracdlulor disLntxtiion (Thicny ct 
^ 1993), 

Toxicoses caused by doxorubicin have been 
reviewed and classified as acute. sbofMerm, Of chronic 
{Ggilvic el al. l9S9bi. Acute toxicosis manifests as 
head shaking, localized urticaria along the course of Ihe 
vein used for administration of the drug, and signs 
associated with hasumjifte release, including 
i?cd blushing of ihe skin and acute coflapw. Short-leitn 
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A luge number seen In chr cvtfydiy practice of 

soull- and buge-anflnflfl] veterinary medicine bmhc 
iHWHoflte skin I.V ib. appud^fn. This chapter reviews 

the salient tcaLwirs Ltd Llie jqciicesjI aiiuliHiij-. hisLcjloj”Y. and 


hwcfreimstry of slun rebml to the Irc-iitmenl of derma¬ 
tologic diseo.se. aequiunls the pracdLiiiiKr with the lea- 
(IIEW of pmtfflnHUf drug iit^rfKkin rdewu to the 
ueaiment i>f si in Juhh^ and Hkn—w ^ aiCgOfK& * if 
phamiaccrinpie prcparalkwis available on ihe vtferinsy 
rnufkei bn Ircar si in diww in lLoivksik animals. 

Only in the Iils- 1 few decades have KHQtHti begun il> 
understand how Ihe skin functions Ln normal and dis¬ 
eased State*, to uiKkTsiLind the skin's harrier fklKtkM an 
terms of water loss and drug delivery. luhJ to attempt lit 
improve thg delivery of pharmaceutic-al agents through 

theikii hy temporarily nyuitiflg itmA hairier to deliver 

the drug. In order to successfully minimise the skin's 
ability to block ihe iibsnrptinn of drugs in the treatment 
of dermatologic dimw in domestic animal:*, ii is 
imperative hi undcrslLinJ the normal FuatilitnuJ 
anatomy mid biochemistry of ihe skin. In veterinary 

• m mi m 

medicine. Knudermal delivery is widely employed, as 
when padcida we applied umnlhly hi a single area of 
skin for ihe control nf fleas and tkb over the entire 
body. Tran^emuj] fentanyl patch™ are widely used for 
pOHHMgical analgesia. This topial port of drag deliv¬ 
ery will *ee Increased use for other therapeutic indica- 
tlMB, However, most drugs applied to Ihe skin are not 
int en d ed to be abHibed sysfeonkally but are ow'd to 
dick a local therapeutic effect in the ircnk'd skin. 

The characteristic which aepa mes dcnmiiiolngk 1 

therapy from Yrfhcr wmpooeiih n-l' vcieriiiiLry pturma- 
PQtogy is I his use of topical Llnsage ftwnniliiiinns to tar¬ 
get Ihe underlying skin. A lull mdmuidmg of the bio¬ 
logical factors chat modulate absorption and of ihe 

pharmaceutical composition of dertutokifk funnulu- 
lions vehicles} is essential Co a proper under- 

funding of deimatophojinacotogy. Hie drugs iruorpo- 

rated into these fommlations are the sane on time used 

|q irear diseases- of olher ^ysienis and will not he evton- 
vi\cly dealt w ith in Lhcs chapter. 

ANATOMY AND H1STOIOGY. The skin ii the 
largest cngan of the htsdy, with the integument of the 
tkig accomtHlf lor 24% of the overall tkidy weighl in 
the puppv and 12% in the adult dog (Pavletic l^l k 
The si i n hu the responsibility of prLSieetine the inler- 
ml organ> of ihe h< »dy I re™ flttttfUH m temperature 
llucUialion-H.. iillcrgeiis. pntltihirits.. toKic chonidls, and 
orgmiliftii such u hjicicria, fungi, parasites, and 
vinun Cacnd ubiquitously in the environmcnl. 
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FKS, 53.1 —A BGkmk view of Hie epidermis and dermis of the slcin. iMmiieim-Rivienp I Wl> 


The skin of domes-tie animah is L|ukte similar in 
pn& and histologic morphology across species Lines 
and ls usually thickest over the head, dorsum of the 
neck. back, and sacrum and on the plantar and palmar 
surfaces of the feel (PlvJelic 1991)*, thinner on Lhe c en¬ 
tral abdomen, lhe media] surfaces of the limbs, and the 

inner pinnae, and Itunnest over die scrotum of m\fo 
animals and ihe eutobe of the human. Performing the 

skin are several types of appendages (depending on the 
species), such as hair follicles* sebaceous and sweat 
glands. spines. quilk, scales* spurs, horn*.. claws, nails, 

and hows (Montagna 1967k The specific anatomy of 

skin and hair has been reviewed extensively elsewhere 
i, MonleiiD-RivieTe et al. 1993b; Blackburn 1965; Uoyd 
e! al, 1979 m; Lloyd et al. 19796; Sor and Calhoun 1966: 
Kodcwski and Calhoun 1969; Strickland and Calhoun 
1963; Takikdai el al. 1972; Pavletk 1991; Montagna 
1967; Amakiri 1973). 

The Egidcmok (Jn the histological level, Lhe skin can 
be divided into two distinct unaSs: the epidermis and the 

dermis. The epidermis consists of smuified Mjuamuus 
keraiinized epithelium that undergoes a programmed 

proliferation and dilfercnliation that will eventually 
result in the formation, of the major barrier io drug pen- 
eiraikm: the araium co meant. TVo primary cell types 


ciiat in the epidermis; those of keraimocytc origin and 
■hose of nonkeratjfuxytc origin. 

Hive distinct layers of kcratinoeytes can be present in 
lhe epid ermis. as shown m f-ig. 53.1. Listed from the 
deepest layer of die epidermis IO the most superficial, 
they are (I) stratum basalt (basal layer), (2) stratum 

spinosuni (prickle layer), (3) stratum gruulosum 
(granular layer). (4} stratum lucidum (dear layer), imd 

(5) stratum comeum ihorny layer). Each cell layer has 
its puml of origin at Lhe stratum Ittrile. The stratum 
basale is a single layer of cubnidal or columnar cells 
that rest on tlie basal lamina. 'These cells arc attached to 
the basal lamina by hemidesmasantfe, and in each 
oilier and to lhe cells of the stratum spinosum by de%- 
masomes. The stratum basale cells continuously 
divide, with some remaining as basal cells and others 
beginning to mow mure superficially and mat hr by 

changing their intracellular content through the process 
called keratini/jnion. The next more superficial layer 

nest go Ehc stratum busalc, the stratum spiiutsum, is 
composed of irregularly shaped polyhedral cells that 
make up much of the bulk thickness ol she epidermis. 
The nest layer composes the stratum granulosum* 
which eon&isls of several layers of cells thai begin to 
flatten horizontally. Of primary interest are ilie laitid- 

l.ited granules within these cells, which con lain polar 
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phospholipid*, such |H glyeLTsphingjolipids and fin» 
steroids. and numerous hydrolytic enzymes, including, 
add pfeMptaUK* proleases. lipases* and glycosidases. 
A* ItttK intracellular pfOductA UCUfflUkk, these culls 
will exocytott (heir intracellular product*and fill in (he 
inmdlulaf spaces, uventiially forming (he umuOu- 
liir lipid matrix of ihe stratum ecmeum. As 1hc*e epi¬ 
dermal cells continue their migration, they form ihe 
stratum lucidum, a translucent line of cells round only 


ill areas having very thick skin, such ut plantar and pal¬ 
mar surfaces (foot pads! and the planum nasale. Hits 
cells are translucent because tKrth nuclei and cyUphs- 

mic organelles are missing (MnAdn-RWien 1991: 
htoniciro-Riviere cl at. 19931*; Ittaen 1975; Montagna 



The *lratuiri oameum is the linal and nwt superll- 
cial layer of the epidermis and is the most important 
layer wlmi considering the feasibility of topical drug 
therapy since it is Che primary barrier to percutaneous 
■btOfptiHk Iti addition to ilie harrier function for UflO- 


biotic s trying to cnler the body from the environment, 
the TJniLum comeum also provides a barrier to insensi- 
ble water loss, an evolutionary adaptation that allows 
terrestrial animal* to exist in a nnnaqiLalic environment, 
in tacL. miM veterinary demiukgk whidtt are lar- 
geted at this- action. iTie stratum comeum consists of 
several dead layer* of ceils, organ i/ed Into vertical 
column in a rcIrakaidec-ahcLlrat (I d-sided i codf^ma- 
lion, the thieknc** of which varies depending on loa- 
lion (Monteim-Riviere I Ml}. This particular cell 
shupc provide* a minimal surface-tLwoluTne ratio and 
also minimizes systemic water loss through Lhc skin 
(tfuucpkknvud water loss). Each cell fo ingrained, in 
the lipid matrix produced by the lainvllatud granules 
when the cells- were sill if* the stralum granulusu.ni 

laser. ThCM dead cdU arc fllSO MEmiunded hv a I hick 

m ~ nr' 

plasma membrane with a >uhmcnibranoiiK layer of 
involucrin, also produced earlier in development. With 
mlruL'dlular and intercellular barriers lirmly in place. 

the sLniluni amicum lus [he ill?ilily to i_LHk\Lrjin ihe 

passage of unwanted chemicals and toxins from the 
environment. UnlortunaLely. the sLratum comeum tines 
not discnminale between these unwanted substances 
and the ptannceutktli the vdcriurtta may wish to 
penetrate the *kin br topical drug therapy lor ihe treat- 

mem of derautolQglc dlmK. 

Melanocytes are cells located in [he hasal layer of : 
the epidermis and contain dark cytoplasmic granules 
called melanosomes. Tlttat cells imparl color 1o ihe ; ! 
shin, the color and intensity determined by the num¬ 
ber, si/e. disInhuLiun. and degree of melani/ation of 
the mciannsoincs. Makd cells arc also located in Ihe [ 
basal region of the epidermis and are ftPiigllt to func¬ 
tion m silow-ad^jpling mecluiftorceeptLU's for couch. 
Langerhan* cells are lo c a ted it* the stratum spinnum 
bul can also he prevent in dermal lymph Vttuk, 
lymph nodes, and dermis. Hie l.aiLgerinms cell*" pri¬ 


mary function is to prcscnl antigen to lymphocytes: 
they may jiIui be the iniDal receptors tor cuLunenu* 
immune rctptXHCs.. 


The fkrmK The dermis is composed of connective 

tissue CQflOTtHB ”f l-'lhI Isi^c^iL, idastin, and rclicpho 
fibers dispersed in an amorphous ground futatllWC 
and cun be divided into two rather poorly demarcated 
IrtU The papillary layer consists of loose connective 
tissue and connects the epidermis | stratum 

buakflHuiJ iunina) to the deeper reticular layer of the 

dermis. The reticular layer cansiBl* of dewe cohkc- 

livtti-ssue connceted to she h y |UkIci in i\, which is com - 
posed mostly offatr 

Dispersed throughout ho4h layers of the dermis is a 
network of arterial and venous blood vessels needed to 
nourish Lhc cel I* of Lhe epidermis iind dermis a* well as 
to lake part in Lhe last stages of the percutaneous 
absorption of CHDpHindl Lymph Vttttll, nerves. 

apocrine iind eccrine iweat gtinds, setaceous glands. 
Pacinian (preBSQmovptof), Meissner’s (touch raptor), 

and KulTini t mechanical receptor) corpuscles, hair fill- 
Jicles* and smewth muscle* I jrreclor pili i are ihe other 
major gtfucfitru found in the dermis, Two type* of 


arteries, muctdocutineoufl and direci cutaneous, sup¬ 
ply the needed nutrient* to the epidermis-. Direct cuta¬ 
neous arteries run parallel to she skin, directly supply¬ 
ing; the skin wiih blond, while iibuscukseuiaueous- 
arterics supply both the skin and underlying muscula¬ 
ture and run perpendicular to the skin. Culancous hl<*>d 
supply by each type of artery vines vkh specie* and 
kicatiH Cutaneous blood flow rates may be mw of the 
factors affecting the passive percutaneous absni*piMin of 
chemicals, Tabic 53,1 clearly demoratntH this hy 
cnnnpiiring laser Doppler cutaneous Mood flow para- 
eLers in nine species of domestic animals i Mnnlciro- 
Rhrkrt tt il a l 9 Wju 


Sped ns Biffemifres, As a general rule. *km vtrueture 

arid function are sisnilasr aCfOSfl specie* liivv*- H 0 WVW f 

some minor difference* are a|ipjireni. 

Avian inlegument possesses Lhc most-profound dif- 
IncKta in skin moqibology firnn other domestic 

ipoclni The fuur tay^rs of the epidermis me, from tbc 

deepest to the mosi *uperilcial. Ihe strain in hasale, she 
stratum intermedium (stratum fpiffnuniK the stratum 
tran*itivum (stratum granuh^sumk and Lhe -stratum 
eonireum (Mralum germinaliviimh Unlike mammals, 
avians possess no skin gliinds (MovVUUO-Rhrkn; eL aJL 

1993b). 

The skin of aquatic mammals has a very (hick erra¬ 
tum comeum resembling parakeratosis and there is no 
stratum granulosum t Montagna S %7 y. 

Pig skin is similar histnlogically to human skin 
(Miinteiro-ttiviere and Slntmber^g 19K5) and ha* been 
used unpenmentully to reliably ptedtci the pereuta- 

wu ahsc7ip4u?ii <if chouifoils. in hLhbiinks. Wiih respetd 

tc eutanci.His cireubcicui. jnuuDlocubUHHHU arteries are 

the primary vucular supply to the skin of human*. 

;i|H p s, and sW'ine. I.LturM-'-skiiLibed :u*ioials teaoioes and 
felines ^ Lack museulocutaucous arteries.; all vessels 
involved in culaneou* cirvulaLuni Lravel parallel lo she 
skin I’E'avleLie hwlJ l Recent studies of pircmkaift (a 

■ontaoidil wtHnflimnilnry dmj) in pig* suggest 
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FIG. 5.1.2—A schcnulic view of Ltie skin and ifie Four mules 
of drug penetration. Drugs era penetrate through ihc stratum 
eomeoey&cs (Ak between the stnfluni conncyte* i ll), 
follkulity via hair follicle (C;i, nr via ^n< eccrifie sweat 
gland or MsfoKCdis- gland (D). 


hotter understand how substances diffuse through the 
itrsmm comeum. it is convenient to think of die stfflr 
tum comeum us. a wall in a "fends and mentor" config¬ 
uration cl:has 1983).. with the bncks representing the 
stratum comeocjtes and Ihe mortar representing the 
lipid matrix around them. m- shown in Fig, 53-3- Per¬ 
meation through I be stratum comeum itiighc occur via 
two routes, The first involves the drug traversing 
through the stratum carwwjles ftsricltt") and cxira- 
ce I Ildar lipid matrix i*ftwf1ar' , ) r through Ihe cells nf ihc 
deeper epidermal cells, and then into the system ic eir- 
ciilotion. The second route involves the chemical 
maneuvering its way through the stratum comeum via 
die intercellular lipid main a only, tt is generally 
aritplccl ifuil the primary route of penctmiiun is via ihe 

livtercdlukr pathway. Because of ihe structure of ihc 
stratum corneum and Ihe metabolic capabilities of (he 

lower epiLlermal cells, ific veterinarian must he aware 
that only a small percentage of the drug thal i s topically 
applied is going to actually peneLrate the stratum 
comeum. I his small Irac W.m of Ihe Mai dose will need 
to he able So affect the disease process occurring in the 
underlying layers of the epideniiis. 

The molecular structure of the intercellular lipid 

matrix throughout Ihe cpielermis is in a liquid. crys¬ 
talline configuration, consisting of fatty acids, 
ceram ides, triglycerides. sLerol^ sterol “esters- choles- 

k'nil mi I face. 4ind miscelluiteous tilltiuka. As epidermal 
cells migrate pipertirislly and iransform inlo die cells 
of Che stratum corneum, the lipid eon lent surrounding 


these cells changes from polar to more neutral in 
nature. Specifically, phospholipids and! triglycerides 
tend to decrease while fatty acids, cholesterol choles¬ 


terol sulfate. ceram id**, and sphingolipids increase as 
the epidermal cells differentiate (Elias 1992), Enzymes 
are also present within this matrix of lipid. These lipids 
organize them selves into a lipid biliiyv? structure, with 
ihe hydrophobic ends of ihe molecules orienting i he fu¬ 
se Ives with other hydrophobic ends, and the 
hydrophilic ends orienting them^hes in a similar fash¬ 
ion. More than one lipid bilayer can he fanned v,i thirl 
ihe intercellular matrix, leading to the formal ion of 
hydrophilic and hydrophobic dttnnds, as illusifaied in 
Fig. 53.4. One might assn me that this complex li pid 
barrier would result in very lu* ubsotpilun profiles for 
hydrophilic (water soluble) compounds *inec Ihese 
molecules would have difficulty crowing a hydro pho¬ 
bic banter hut some studies have shown that many 
hydrophilic compounds- pence rate the epidermic an 
much higher quantities ihan predicted, implying thiU 
there are mher mechanisms whereby hydrophilic com¬ 


pound v permeate ihc Etmtum comeum. The primary 
mechanism by which this is accomplished i* for 
hydrophilic molecules to (Mitelrate through fluctua¬ 
tion-*, or “'kinks" in ihe lipid alkyl chains tPotts and 
FranecteUf 1992; Pops ctal, I992J. Further, the perme¬ 
ation of hydrophilic molecules (ouch as wirier, 
methanol. ethanol, elcJ through tin: lipid matrix is, due 
to their small size and molecular weight, which aid 
them in traveling through die lipid matrix through pas¬ 
sages established by ihe lipid alkyl chains. This view is 
supported by ihe observation lhal larger hydrophilic 
molecules have lower percutaneous absorptions Lhan 
their smaller molecular weight counterparts. Alterna¬ 
tively, penetration may also occur through the aqueous 
channels formed between the polar head groups of the 
lipid Layers. 

Chemicals may also permeate the skin using the %kfn 
apperidageal route, mtfelly by way of hair follicles and 
sweat ducts. The importance of the transappendageal 

route on pcrcuLaneouH absorption is conlnivenoaL hut 
some studies, indicate that the importance of this nitric 

tends lobe species specific fRMman and Rastas I9«|). 
Generally, those animals. posACvsing a sparse number of 
hair follicles per area nf skin (humans., pigsj are con¬ 
sidered to have little, if any. absorption of topically 
applied compounds via. ihis route when compared Co 
ortbnaK having a high density of hair follicles (cattle, 
sheep}. In these latter animal*, the stratum comeum 
burner is. just u impermeable to drugs as that of their 
less-hilred counterparts, but the drug permeates the 
skm harrier via the hair follicles, sweat duels, or other 
openings in Ihe stratum corneum, increasing Lhe percu¬ 
taneous absorption of ihe chemical. It has been demon¬ 
strated that tran-Mippendageal absorption is high ini¬ 
tially. then becomes mrignificanc, due to the small 

surface area of follicles, and glands in relation lo Ihe 
total surface area of Ihe stratum eurneum. Tuptcol 
delivery of pesticides to domestic live slock has been 

used for many years for the control of external as well 
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condition causing ihc disease and/or (2) applying 
agents that will increase the hydration nl the stratum 
eo mourn by slowing transepidenmal water loss. Apply- 
mg keratolylie* fdiscuT^edl taisr in this chapter) a& also 

Ilf it Mg' This disCiLssulfi should prim lhiI lhaE selecting ;l 

vehicle that increase* the amount of water in live stra¬ 
tum. comeum will mow likely result in more perme¬ 
ation of drug to the underlying affected I issues, m 

impnriani I'hcclkt in successful dermatologic therapy. In 
diseases involving dry skin, returning the sLratum 
Domcum Id its normal hydralitHi stale should also be a 

goal of dermutulugic therapy. 

In ^omuuy, the vehicle, nm just (he choice of drug- 
play* a OIKUJ rok m determining the suc«W or fail 

lire of denralriogic therapy. No "ideal vehicle" exists; 

the veterinary clinician iiun evaluate the patient's skin 

lesion and should determine what drug is indicated and 

which vehicle would best augment that therapy. Btrth 
iactofH may markedly influence the success of therapy. 

Other Factors Affecting Pertutanms Absorption. 

Other factors that may enhance or hinder percutaneous 
absorption are Ihc molecular weight of Lhe chemical, 

itrnpe future, blood flow, and skin age. Irtt-rcastiii* the 
Wood flow through the dermis would suggest a more 

rapid removal of drug* absorbed From the epidermis 
iRrvinr and Williams 1992). Vasoconstriction of these 
vessels has been shown to sign!finally decrease percu¬ 
taneous absorption of h-mcthyl prednisolone and iestew- 
levune (MlUdimin 1958). The temperature of rite air 
suitoutiding the skin plays a role in Mood flow, with 
wanner envilWOHmlal temperatures or skin showing 

one of the cardinal signs of inflammation (beat) 

iftC reading lhe 111 Hi hi IImU I l > [he skin and cooler ICICI - 

peratinrrs decreasing cutaneous blood flow. An inverse 
relationship appears to exist between absorption rare 

and die moleailar weight of the drug ([risen 1975). 
Although smaller molecules tend to increase total [ep¬ 
ical dose absorbed through Lhe skin, there is consider¬ 
able variability in the amounts percutaneously 
absorbed among compounds of similar molecular 
weights (Idscn !975;Tragcar I9IS6), 

lY-nct ration Rnhamrarg. Fhe stratum curacum has 
been portrayed m a irimiiiduhle and almost impenetra¬ 
ble harrier Co the absorption of lipophilic, hydrophilic, 
and amphoteric xenohiotics. Many efforts have been 
nwide to iidjust the harrier of the stratum corneum to 

increase the percutaneous ahvnrpiion of topically 
applied xcnobiocics. for the most pan with only limited 
success. The hamer function of the stratum comcum 
tan be structurally modified using a relatively small 
class of compounds, eollectiv^ly known as peiKtratitm 
enhancers or penetration aopclcrants, ihai increase the 
percuLaneiius absorption of many cumpaunds. 

Many report! exist in the human and veterinary liter¬ 
ature of various agents that have been shown to accel¬ 
erate penetration of compounds through the skiih but 
few describe the precise mechanism by which an indi¬ 
vidual penetration enhancer perfisnu this fundion. 


One theory, lhe ILpid-protein-piutitiuiiing concept, has 
heen proposed for the mechanism of action of nil the 
known penetration enhancers, including penetration 
via lhe intercellular as well as the intrucelEubr routes 
(Barry 1991). For both routes, this theory acknowl¬ 
edges that pdar (hydrophilic) molecules permeate the 
skin via polar channels [either by aqueous pores or by 
alkyl group (Modulation), which are different bnt the 
channels used by nonpolar fhydrophobic) molecule*. 
Alter application to the skin surface, the drug mole- 
cubs diffuse out of Lhe vehicle and inly Lhe su~dfl.ilm 

oflHin and begin to traverse lhe many aqueous and 
lipid harriers found in (he intercellular matrix (see Fig. 

51.4 ) in order (0 reach the rest of ihc body \ ia ihc sys¬ 
temic circulatory system. Penetration enhancer* are 

hyporhesixed to modify ihcse lipid and aquccuii bilay- 
CTM of the intercellular lipid mairix Land allow [opieally 
applied compounds to pe netr a te the Strutum corneum 
more readily by disrupting rite normally very organized 
sinwture of the lipid layers. 

It Ls. convenient to organize the known penetration 

enhancers into four common subgroups: uqk and its 
derivatives, urea and its dfirimtivts f I ^dudecy In rea. 1,3 

didodeeylbntta. 13 diphenyl urea, propylene glycol, 
dimethyliMUH.whi.de). the terpen® {cmvcm, pulegonc. 

piperitone, menihone, cyctatienene oxide, terpi ncn-4-ol r 
and others), and the apmtic solvent* (dimethylsitlfbxide. 
demelhyi foimamide. decy] methyl sulfoxide, 2-pyiroli- 
donc, and Lit hers). At the present time, the First three 
groups ore used almost exclusively in human pharma- 
ceuliciil products and research and will nut be dkcusStd 
here. The must extensively used penetration enhancer in 

veterinary mediefauis diinethylsulfoxide (DMSO). 

DM SO is a product hum the processing of wood 
pulp and is a dipolar and aptotic sal vent DM SO is also 
produced by phytoplankton und is present in many 
foods (Herschlcr 1981). DM SO has been used to treat 
a myriad of skin aliments. Including otitis externa, 

inierdigital cysts, lick granulomas, superficial burns, 
skin grafts, and snakebites, and to reduce the engorge- 

luent of the mammary glands of the nursing bitch 
(Knowles 1982), Other loss common veterinary uses, 
for DMSO have also been descrihcLl (Jacob ct al. 1965; 
Jacob I9K2; Knowlci 1982). In addition to peneiiuLinn 
cuhaiiccmcnt. DMSO is alw) hacteirioslalic. vasodila- 
tory, fibrinolytic, and antj-inllammalory and prixlucc* 
UMTtt degree of topical analgesia. DMSO produces a 
thermal effect after direct application to the skin, which 
may functimi tn alleviiiH 1 piHn in the skin and in the 
uinteriying muscle mid bone.. Tile transienfl erythema 
[hat is induced after topical iidministnutipn of DMSO is 
due 10 the release of histamine tJacob et at, 19fi5). 
These effects arc considered transient and reversible 
and- will nol gmemlly increase in seventy after multi¬ 
ple treatment-*, indicating no need to disconrti'nuc ther¬ 
apy. Potent in I skin irritation occurs at eoncenrratnirns of 
greater than 70% (see the 6th edition of this text for 
mure i nlomnaCnm on DMSO). 

DMuSQ ha* the p<iteiiiial to tnlrance tlw jtereuluiteou* 
absorption of a number qf topical ly applied compouricH, 
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Structure of (lie epidermis by forming a protective bar¬ 
rier 4ig.ainHL the surrounding environ merit. They differ 
from pfotectives in 1 I 1411 they inherently reduce Lhe irri- 
Uilion from these a hand stimuli, This, group com¬ 
prises a Large and diwu number nf cbnuulSp iriulyci: 

ing mucilages, gums, dniriu, starches. polymeric 

polyhydric glycols, glycerin, gelatin. hydroxypropyl 
eeljulose, hydro* ypropy I nicrhylecllu Lou, hydro*- 
yethvl cellulose, methyl cellulose, and polyvinyl ako- 
hol, Hie dried gum extracts from the until and traga- 

canth plants can readily dissolve in water io ftjfTO 
mucilages (see the ftth ediiitui of this lexi for more 
detail). The most commonly used demulcents in veteri¬ 
nary dermatology why are glycerin. propylene glycol, 
and che jntydhytett glycols. 

Glycerin is a lygrosccfic, hibydrk alcohol prepared 

from propylene and hu> been used for many years as a 
suppository, with high ccmccnliaLions of ibis vehicle 
relieving constipation by drawing water bom the body 
4U hJ Into the colon. Glycerin is □ clear, colorless liquid 
LhnL is miscible with water and alcohol and has been 
used uc4Ll to reduce corneal edema and to JaciliLale oph- 
Lhiiil mu^coptc cxarmiulions. Used m hi eh enneentra- 
lopkllly lmi the skin. glycerin may dehydrate and 
irritate the skim, thereby increii\ing Lrcin-uepidermal 
water loss. Lower eotiLentraiions of glycerin absorbed 
into the skin hydrate ihe stratum coneun because of 
glycerin b s hygroscopic naLure. Despite iis side efforts, 
glycerin makes an excellent vehicle for topical drug 
delivery when used 411 lower concentrations. 

Propylene gjycol ( 1*2 prupanediul) is a hygroscopic, 
colorless, ntlnfks* waicr-solublu liquid lluil is miscible 

with many compounds {warier, alcoholacetone, many 

v-ulaLik' oils l- 4ind is also bacieriostatie, fimgi.MiJiic, iuid 
nunmoL'IuHLve. ll was find considered for use in 1932 to 
he used with a drug to mi human syphilis and has 
Since bei'ii used as a iwntoxu: 4mLi freeze in dairies and 
\\^t breweries tCinmaro and -Smith 1991), Propylene 
glycol is 4iai ideal medium for the topical delivery of 
many drugs in, iiiiijitials and humans, as well as for 
many oral -and parenteral drug fonnul&Iioas. such us 
4intituHsiv L t s and shampoos. Propylene glycol spreads 
evenly onto the skin Vsiiriiice and has a very low evap¬ 
oration rule; it is not greasy to the touch. dc^es not stain 
dodliflj Of biiir, iiiid hu KHVK effect on blowing 
tranHepidermai water kw, (hereby bydraling (he stra- 
lum cum cum to sonc extent. Topical hyptmm hmi . 
lion 4Uid other toxic ities aic rare but have been reported 

(Cafnzaro tad Smith 1991). 

Polyethylene glycols are a group of structurally sim¬ 
ilar compounds (hat differ in molecular weight. The 
larger the number, the higher the molecular weight and 
the more viscous Lhe formularion becomes- AI inMeot 
temperature, polyethylene glycot* 2fl0, 300, 4IK1, and 
are dmr vimm Liquids; polyethylene glycols 900 
to 9000 tre semihzird waxy solids at room Eemperalure. 
As a groups ihe polyetbylfltt glycols do noL oualy 
hydrolyze and are nontax ic. bland, highly water solu¬ 
ble. and nonvolatile. 


tAlSLk. 53i—limuilfonts in use tuduy 


OrfieiaJ 

vegetable oils A nunri feta I flydrtnrboiia 


fMivc ml 

[ jnciiin I’wtKil 1 *\ 

Pnffm 

OriUxn.sc'Ld <n\ 

wllh *a Si Lm added 1 

J^mdutam 

Com oil 

Anliydrocfi wood fur 

White 

Almond nil 

(no *aii:r udde-d.i 

IhMAdutam 

IVunui oil 

Lsd 

1 vasjline) 

Pnw ni 1 

Coooai butter 

Whale oil 

Mineral nil 
Whiie/yelluw 
nm 

(httiwu) 

Spcmuccti 


IlmolliniLh. Kmnllicnts are bland, faLty malcriali 
often used Lu soften cxr moisten the '■kin. EZmolMerits are 
particularly useful when treating skin conditions 
resulting from w4iter-solubJe irritants and airborne 
bacteria hwrause of (heir ability to act as a protectant* 
sequestering lhe damaged skin away Irnm these non- 

aoiia stimuli, When used topically, cmoJIicnris soften 
N-lsin by dccreuiag tfinKpldennal water loss, or iran- 
ipilUjan, kind increasing (he hydration of the sfnftun 
'■iii'.mi i: P A mot adcliiion io this clw a re silicone 
based polyincre such as dimethieone. Therefore, this m 
■a useful group nf compounds for treating dermalologic 
conditions htvolv ing dry. emsty. lv Oaky lesions of the 
epidermic. LvnolLients are used loday as vehicles for 

many Uptd-soluble dni^s. Examples of cmumotily 
used CToUicntx are Hilled in Table 53.2- 


^stringni.s. A.siringcnK prixipihuc pnucin. uttighcn 
the skin, promote healing, and dry the skin when 
applied logically. When used to ciiagulate blood, astrin- 
gen is are said to he styptic and elicit a mildly uncom- 
ftirlahk 1 sensaciun when applied to >mall open wounds. 
MkhI of the chenucids to this group are imirg4mic sails 
of aluminum, lint, potuskun and silver and include 
aluminum chkrid^ alumiHUD sulfile, cakmtoe fa 


cLimhi naLion of F-'c .f), and ZflOjk poiusillfD perinall- 
ganaie. silver niLrate, zine chloride, zine oqftde, lim- 
mum chlurhydraLc, and Lannic acid. There are many 


germtcidul agents LhaL also have astringent activity. 
Odiei utringah ire of vegetable origiit most el these 
pnpHnAmnt wiig their activity to tannic acid (gai- 
luriannic acid}. Astringents in ihc wegerilUMkrivatiw 
group include gallic acid, kinov bUKTU, 4 hh 1 nibui 
(blackberryf. AsLnngentK have Iimi led uses in veteri¬ 
nary medicine loday, 


Ruta'IucK'Uls, brlllUl^und VatCHb. Chemicals in 
this class are used to induce hyperemia (nibefacienlsj, 
hypeiemia and infhfiunttkifi (Irriluils), ikt cutumt 
blisters fvesicants). HeaL applied 1o she skin via a I'ilm- 
water bcritle. heat lamp. moivL hot pack, or an cleetrie 
heiLiiug p4id are KCtpttblc nbeheients 4uid are exten¬ 
sively used in human medicine. Chemical rubefacLcuLs 
are more commonly used in vetsinuy medicine, 
mainly due Co Lhe dilTkufcty in applying Ihc heat snnses 
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skin diseases. The use of vitamin A was limited, how¬ 
ever, ns the levels needed to- induce a clinical improve' 
menl of' the lesions often induced signs of hypemia- 

minosis A. This skks-cfTcctdilc-mnia prompted research 
bid vitamin A substitutes. which led hd lbc discovery 
and testing nl over 1500 retinoids. Three retinoids— 
tretinoin, isotretinoin, and etretinate—are available for 
clinical use today. 

The retinoids, like vitamin A, ad m growth and dif- 
fereTilNLl ion regulators in die skin when admin isLered 
orally or topical ly. Ahhough the exact mechanism by 
which the retinoids exert these effects is not completely 
miJerstooifc it is theorized that retinoids alter RS A syn¬ 
thesis within the cell, in turn akring protein synthesis 

and prostaglandin production, and also affecting some 
enzymes, such as ornithine decarboxylase and collage- 
nase (Power and Ihrke 11990), The overall effect of the 
retinoids is to “normalize" the epithelium in those dis- 
£UC4 resptMlsiufc to dtttt drugs, 

In humans, the retinoids are used to treat severe 
recalcitrant cystic acne, psoriasis, Daner s disease, 
pityriasis rubra pilaris, and various other disorders of 
kenitinizatkin. KeLinuidk also haive an ability to control 
malignant transform iitionv in some tissues that are 
caused by chcinicLil curcino^eiis, ionizing radiation, 
growth factors, and viruses.. Naturally occurring 
retinoids have been shown to protect animats against 
skin papillomas and carcinomas of the skin and other 

organs •;( infillhs arid ^irtfccvs I MW: Kwuchka 1989}, 

Numerous vide effects have been associated with 
retinoid uh 1 in humans, including cheilitis, xerosis of 
the skin, pruritus,, dryness of mucous membranes, epis- 

cuxis, thinning of die hub paJitH’planuur desquamation, 
conjunctivitis, headache,, ataxia, fatigue, psychologic 
change and visual disturbance Teraiogenicity is a 
serious problem in women w ho lake isotretinoin during 
pregnancy. Symptoms of hyperviramiinosis A may also 
occur. which is characterized by demineralization and 
shinning of rile long bones, cortical hyperostosis, 
periostitis, arad premature closure of the epiphyses 
(k WLM.hl.;i |9g9j. 

As of this date, retinoids are not used to a grail 
extent In veterinary medicine J Werner and Power 
1994). Repotted uses of any of the retinoids in dogs 
and Cars are few. and the recommendations for use and 
possible iLixicitics and side effects are bised on a very 
small number of animals. Indications, far ueteriniry use 

remain rather vague, in pan because the skin diseases 
that retinoids may he cllkaciours in Uealing humans do 
not have exact analogs in domestic animals. There is 
also a lack of formal studies conducted on large popu¬ 
lations- of dogs or eai.v Reported uses for the retinoids 
in domestic animals arc in disorder* of fccfiUinization, 
which may include primary idiopaLhic seborrhea in 
Codtef SfHAidi, sebaceous adenitis, canine lamellar 
ichthyosis, Schnauzer eomedci syndrome, 3nd epider¬ 
mal inclusion cysts, among others i Power and Ihrke 
1990; Kwnchkjj I4H9). The use of retinoids i n eats with 
neoplastic disorders, specifically squamous cell carci¬ 
noma and epidermal dysplasia, has been investigated 


and found to he of limited value (Evans el a!. 1985). 
ToKieitkv to ihe retinoids ins animals seem to he Jew, 
hul iL should be made clear that Ihe reporttid vide effects 
arid ioxkdti» are based on a small population of elm id¬ 
eally ill animals treated for short periods of lime with 
these compounds, and these observations may prove lo 
be inaccurate if ihe use of these ittfnpDUftds ilKn&ACS. 
Out of 29 dogs treated with isotretinoin in one study 

(Kwochka 1989), 4 dugs developed conjunctivitis that 

was observed to be reversible after moment! ended. 
There is no formal information available as to the exis¬ 
tence of skeletal anomalies in dogs given retinoids for 

lung periods uf time (Power and Dvtc 1990). Buth 

defects involving ihe central itenm system, skeleton, 
thymus, and heart dd occur, as seen with high doses uf 
vi la mm A during pregnancy. Cals appear 10 have a 
higher incidence of side effects associated w ith retinoid 
treatment. Cals treated with isutretinuin were observed 

tu develop periocular erythema, periocnibf crusting. 

epiphora, and blepharospasm (Kwochka 1989). 

Tretinoi n (Auiu-ntiiiuic acid), also know n as Retiil- 
A. is an oxidation product of vitamin A. Applied lupi- 
ciilliy, teeliiiom causes inllaiurnuiiori. 1 liickeiii ng of tilW 
epidermis. and Idealised inLefcellijIar edema. This 
CLk-nia leads to epidermal cell Reparation and an 
increase in exfoliation of ihe epidermal cells, resulting 
in an overall keratolytic action of the created area. Used 
sysLemicajly, tretinoin will induce hypemtaminusk A 
(Power and Ihrke I Will. 

Isotretinoin (Accutane, Roche; 13-<“ir-reiinoic acid} 
and etretinate (Tegison. Roche) are two systemieally 
used reLinoids Lhal also have potential veterinary appli¬ 
cations. Power Lind Ihrke (1990) describe several cases 
where these two retinoids have been used to treat sev¬ 
eral skin diseases in dogs, with variable success, 
rstarclinoin is. the most effective- inhibitor of sebum 

production know n (Kwochka 1989), making n poten¬ 
tially useful in treating primary idiopathic seborrhea 
and comedo syndromes. Although retinoids are av&oci- 
ated with less toxicity than vitamin A, ioxicities can 
occur. Etretinate may he associated with fewer toxic 

side effects than isotretinoin. Insufficient data are 


available for dogs or eais lo determine its efficacy or 
loxidly. 

Coal tar is another pharmaceutical that has kcru- 
tolytic iis well its keraiuplastic and anti seborrheic activ¬ 
ity, Its mechanism of action and general uses have been 

discussed previously. Coal tar prodiicts should mu be 

used in the feline due to frequent irritant and allergic 
reactions. 


Urea is a product of protein metabolism that, when 
used topically, acts as a protein dvnuturu.nL promoting 
the hydriilion uf keratin. Once the treated areas uf ker¬ 
atin swell, mild keratolysis ensue*. The use uf urea 
alone as a kerjtolyiic agent is not common in veteri¬ 
nary dermatology today. 


Selenium sulfide is an externally applied arvlisebor- 
rheie, keratolyiic^ and keratoplasitic compound l hut also 

has Rome anlidandruJT activities. Selenium, stLlfidu 
these actions by its antimitotic activity, slow mg 
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cell pffiiliicr.ilmn and sebum production, mid lends to 

be irmating (especially if used in long-term treatment 

protocols) and dsn M.iins hair. It also causes- irriLalion 
of the mucous- membranes, so care should he taken to 
avoid contact with these tissues- PbrciilunwH absorp¬ 
tion is mini mu! if applied lu intact ski n, 

CLASSES OF MEDICATED AFFIXATIONS. 

PhflffririaccuticBJs can also he classified by the type of 
ba-£ they are formulated in. Thera are eight classes of 
medicated applications (Haney 1985b: Block l%5; 
Hippie 1^85; Swinyard Swinyard and [.owpthal 
IWi Naim IW5), 

Ointments* OinlmenLs me semi solid preparations that 
usually (but not always) contain drugs used tn treat 
dcnmtQhgk diseases. There are live classes of osnl- 
nwirhcommidiiily used in veterinary medicine. 

Hydrocarbon Bases. These emollienc ointment 
ba^ usuaJly are composed of wegetaMe oils and ani¬ 
mal fats. Common members of this subset include 
spcmuccd, ortyli esters vu (""synthetic spermaceti"), 
oleic acid- olive oil, paraffin, petrolatum, white petrola¬ 
tum, while wax, and yellow wax, H yd roc urban base 
ointments are enwIMem and generally hydrophobic and 
occlusive, causing an increase in Hhc hydration of the 

stratum conmim and underlying epidermal cell strut- 
lure hy decreeing Iran sc pi derma l water loss, making 

them. useful in rehydruiing of softening the skin. D»- 
advantages include gtmmim* m*d then ability lo stain 
dishing; ibo* they etinnot be washed! off in wafer, 
making them difficult to completely remove from the 
skin, 


Anhydrous ABSORPTION Bases, Thai type of oim- 

menl base contains very little til any I water id ler prepn- 

ration but differs from the hj^roearbon hoses in that ii 
will readily accept any water molecules ii comes in 
contact with. Abs^rbcriL nintmeni bases can absorb 
large quantities of wilier turd still keep their thick con¬ 
sistency. Examples, of this subgroup include 
hydrophilic petrolatum and anhydrous lanolin. both of 
which are emollient occlusive, anti greasy, 

Water-Oil EMULSION Bases, Emulsions, by defi¬ 
nition, arc oil and water combinations. Waber-in-oil 
emulsion boxes (cresmx) are water-washable bases that 
are easily re nit wed from the skin surface and contain 
more oil Lhiin water on a percentage basis, The ail 
phase usually consists of petrolatum or liquid petrola- 
iiun and perhaps an alcohol (cetyl or siearyl alcohol). 

The aqueous pha.se may consist of water; however, 
other-aqueoue vehicles may he used, such as propylene 
glycol, polyethylene glycol, or glycerin, to which vari¬ 
ous preservatives (such as pareben derivatives) are usu¬ 
ally added. Waler-in-oil bases are emollient (due to the 
higher percentage of oil than aqueous phase), oceb- 
sive. greasy, and may absorb some water, but not to the 


same degree as the anhydrous absorption bases. Other 

common components of water-in-oil emulsion bases 
include glyceryl mpno$tarata and stearic add. 

Oil-Water Emulsion Bases, Oil-in-wauef cmul- 

sums are manufactured in Lhe same manner as the 
waler-mHLul bases, with the exception that the aqueous 
phase is in a higher percentage Lhan the oil compoficrtL 
The siifite ingredients are also used lo make the oil-in- 
water hoses. Because nf the higher waier (or other 
aqueous phase) content, oil-in-witer bases arc watcr- 
wavhable, non greasy, and nonocelusive. 

WaTER-SoLL'BIJF. Bases, As the name implies, these 
bases have East Iheir hydro phobic lipid base compo¬ 
nents. These demulcent bases arc primarily comprised 
of pH Is iikts that arc completely water soluble and usu¬ 
ally anhydrous, do nut easily hydrolyze, do not suppon 
mold growth, and ure noragreavy. nonucclusive. and 
ftottvolafllta. If tire component* of a preparation contain 
wiiter-sdluhle bases in si gelled medium, they are 
referred to ■&& gels. Gel s are a combination of 
glycol , profyflene gal hue, dbodltira ethybnediamiricte- 
traacciic add tF.DTA), and carhoxypolymethylene ihai 
results in a clear. waU.T-miM.iblc, and relatively grease- 
less fwtnulatum. A commonly used drug in a gel Jur- 
muhuum is DMSG (Dofetloro, Diamond). Glucocofli- 
costeroids may also k fmidibed in this W*y, 



Poultices A poultice (or cataplasm) is. a soft moist 
mass of materials applied locally to n affected area 
ami wav historically composed of roots, hfifta* seeds., 
and even mud in a gmd-like base, The poultice was 
intended to he 4 topical wound tfcaimmti; serving us a 
counlerirritant and iihsfwptive^pdsnffpiive sink. Poul¬ 
tices are rarely used in veterinary medicine today. 


noux 



Pastes* Pastes are absorptive powders placed in a gekili- 

usiially petrolatum or hydrophilic petrolatum, 
been used to adhere to trie skin and thereby 

’sponge" to absorb exudates and moisture and 
ysiL.il barrier to protect the skin from the 




act us a 
also as 



external environment. Pastes are easily removed mom the 
skin and cun h? used « moist l^iuns of Lite skin. 


Powders. Powders have been discussed earlier In this 
chapter as a class of vehicle For the delivery of topical 
drugs to the skin. Powders, are commonly used in vet¬ 
erinary medicine to deliver pesticides (curbaryl, perme- 
llirins. etc.) for the control id"external parasites (mainly 

fleas) arid in large-animal vtteriitefy dermatology to 

deliver antibiotics, such as nimifurazonc, to wounds. 


Dressings. Dressings are external applications of 
some previously discussed EOfflpOUDd& * petrolatum. 
ointments l on an application device mxIi us plastic 
wrap or sterile gau/e and are placed over wound sites 
to protect the skin lesion from external environmenital 
trauma. Dressing* may also contain amimicmhial 

agents, vuch as nitrufurazone.. 
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Plasters. Ptsslers are similar to dressings; however. 

they are attached [t> the skin via some adhesive mate¬ 
rial, They protect skin lesions from the external envi- 
ranmcni and provide an occlusive envirLm.nsH.-iH. Plan¬ 
ters have Limited use in veterinary medicine today. 

Suspensions,. A suspension is a two-phase system 
composed of a finely divided solid that is dispersed in 
a liquid, usually water, Suspensions are nut utilised To 

any great degree in veterinary dermatology today. They 

are more commonly used in oral drug preparation 
schemes.. The most common type of suspension cur¬ 
rently used topically is captan (Qrlhotidc, Chevron 
C Hl'mik jI i. which is used to Ireal sumc t\]v- oi -np.-i 

iiciiil fungal infections and which also has some Inn 
bed haetcrkisraEk properties, 


Lt)(lw. Lotions ice powders- dissolved In a liquid, 
usually water or an alcohol. Lotions, like powders, lend 
to he cooling, drying, and somewhat mildly antipru¬ 
ritic. Lotions have limited applications in veterinary 1 

medicine hue are used extensively in human over-ihe- 
countcr skin-care products. 


A INTI MIC RH RIALS. Bacterial skin infections lire a 
frequent cause of dermatitis in animats. Antimicrobial 
therapy is thus a mainstay to treat bacterial skin dis¬ 
ease. Like other tissues, healthy &kin is aasocuiud with 
normal microbial flora. By and large, this group causes 
no adverse effects unless the skin is in some way com- 
promised, shat is. by irauma. parasitism, or iatrogenic 
intervention {surgery). There are two approaches to 
treating bacterial skin disease: systemic administration 

of antibiotics or application of topical agents to the 
alTccled skin site.. The drugs used tor systemic 1 real- 
mem are the same as those fully discussed in the 
antimicrobial chapters of this text and will not he dis- 
CDMd ftMlher. The requirement for successful system ic 

treatment includes use of a drug with an appropriate 

spectrum of activity coupled with a favorable distribu¬ 
tion to Lhe skin. 


Topical Antibiotic*. A select few of the antibiotics 
used in systemic therapy arc also used in topical prepa¬ 
rations to treat bacterial skin infections, including sul¬ 
fonamides, chloramphenicol, polymyxins, and 
neomycin Agents that art- only used topically include 
bacitracin, mupromyein. niirofunuume, povidone 
iodine,. and chlortw^idinc (Hurley 1985b: Block 19*5: 
ftippie 1985; Sw inyanl J985; Swifiyard and Lowenthal 
BBS; Naim 1935; Bennett 1995), 


When used lopiedly, Che percutaneous absorption of 
ihe aminogtycosktei may be slowed by their large 
molecular structure. positive charge, and binding to 
pus. When topically administering any antibkirio corn- 
hi rial ion containing an aminoglyciwick, cleaning [he 
affected area of exudate before application will 
increase efficacy, NephrutoxLcily and ototoxicity are 
rarely observed when anuifeoglymides 4 ire applied top¬ 


ically because of the m inimal absorption of these Large 
hydrophilic molecules. 

Polymyxin B and polymyxin E (-oolistin) are gram- 
negative bactericidal antibiotic! that labili/e the cellu¬ 
lar membrane of susceptible bacLena. in particular 
Pseudomonas spp. and Proteus spp. Both are used in 
topical formulations only, since systemic use of these 

antibiotics in nol recommended due 10 the high inci¬ 
dence of nephron I V icily arid respiratory panl^il, Oral 
doses may induce ‘"sterile bowel” syndrome. 
Polymyxins are safe for topical use I no appreciable 
side effects) and are found in many topical prescrip¬ 
tion and over-lhe-counLer preparations lo control 
mainly gram-negative bacterial skin infections. Baci¬ 
tracin h another large polypeptide antibiotic that is 
wd safely in many topical preparations hui is toxic if 
administered system ica lly. The protective harrier 
offered by the stralum eorneum allows large charged 
drugs such as polymyxins ami bacitracin to he safely 

uved in topical fnfmuktions. 

Nitrofsnm—nuinly nilrofucixonc C 5-n itrn-2- 
furalcfchydc scmicariwjBonr) and furazolidone fiV-45- 
nitm- 2 -furl uryI idene l-3-amino- 2 -osaLZolLdtHiej—are a 
class of brood-spec tram antimicrobials that presumably 

inhibit the conversion of pyruvate to acetyl crenzyrat 
A by blinking oxidative deearht>xyl:ilion at this step of 
energy metabolism. Nitrafurans can be bactericidal or 
bactencKlatic. depending on the coDCHfetraEhkn used. 
Used topically, nLcrofurans are not significantly 
absorbed through the intact skin unless formulated in 
an oil. ointment, or organic solvent base, making them 
ideal for treating superficial bacterid infections Nrtro- 
furazonc ha* been reported to have no effect on wound 
contraction and reepicheMalizaiton when topically 

applied to open wounds, hut other studies show that 

nitmfurajiwic -low's ihi> process by a* much as 30% in 

pigs, and yet ocher studies show a more efficient 
wound-healing process ( Si. Omcr 1973). In spi le of I his 
QOrtmvttsy, Che nilriiJuraiis in particular nitrolura- 
KhK, remain a popular, vale, and effective class df 
antibiotic to topically prevent nr treat bacterial -kin 
infections in a variety of species. 

Iodine h one of lhe oldest and most widely used top¬ 
ical antimicrobials. Iodine is bactericidal, spuriddal. 
fungicidal, virtddaL and protraoaridal. I ik mental 
iodine is only xlightly soluble In water, resulting in the 
use of other vehicles to Increase its snluhjliiy, Tincture 
of iodine contains 2“% iodine and 2.4% 


illlulcd in ilfuimil; [.Lii'iil's hciIliIioh contains 5^3 

iodine and 10 % potassium iodide in water. Il should he 
noLed that the highest concentration of elemental iodine 

( the ■■active" form) that can be obtained in a water base 
is 0.15%. Addition l> f sodium iodide or ptHastatim 

iodide to water containing, elemental iodine causes the 
formation of P , which functions as a reservoir for I 

Iodines are used to treat a variety of skin infections, are 
highly efficacious, and have a very low toxicity to ani¬ 
mal ^kin- Disadvantages include staining of die skin 

and clothing that iodine crimes in eisntact with 4 umJ 
some pain when iodine comes in contact with raw and 
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abraded skirl surfaces (Cincture mtrfe so than aqueous). 
In order to ckcwimivt these disadvantages and pre¬ 
serve the high cflkncy and safety of i udine, jnyvidtane- 
uvli ne was formulated. 

Povidone-iodine is elemental iodine coupled with a. 
po|yviinyl-pyirol idone molecule. This particular com¬ 
ply serves as a sustaincd-iclea&e form for elemental 

iodine while simulianemisly preventing staining of (he 
skin and chrihing it may come in contact with. A 30'”r 
[mrvidQiie-jpdine ^aluiion contains appro*imafeiy I* 
‘■available” or total iodine, wi th free iodine (dissociated 
from the puvidou ample*} being D.(KII%, As Ihc 
puvidofie-iudine solution is diluted, more free iodine 
dissociates from the poly vim- Ipyrrdidune mukcuks, 
increasing the free iodine content in the solution. Uac- 
Lencklal activity tend" to ilKKIA as Ihc dilution 
increases. Many povidfuriodinf preparations are 
commercially available For preventing and creating top¬ 
ical microbial infections wounds, abscesses, and other 
skin injuries. Pm idone-todine solutions are also used 
to prepare skin prior to surgical procedures. A potential 
lor systemic absorption c\isls (rrr Chap. 19). 

fhlnr he&id ine is another commonly utilized topical 
anil microhm I used in veteri nary dermatology. 
Chlorluidinc is highly bactericidal, is nol virucidal, 
and is relatively unaffected by Organic debris (blood, 

pos, necTofrc tissue* eic), Chlorhesidine gluconate has 
a sustained residua] activity; when applied to the sur¬ 
face of the skin, it binds ip the protein ponkm of the 

stratum comeum and cannot be removed with ethanol 
treatment. Systemic absorption and taxi,city of 
chLorhe*idine me minimal, and it can be used as an 
effective antimicrobial ua urui skm wuuuds ;uul in 
flush abscesses, and as a presurgicii antiseptic scrub. It 
is in shampoos for treating bvfenil pyodermas. 

ITiksrsLrepflpn is an antibiotic produced by a ‘Train of 

Sireptomyces aureus, A polypeptide Mliibioilc, 

ilitiKsiic"! hi>il is iwit ah««5fbed from ihe gastrointestinal 

I met and is used in some topical antibiotic preparations. 
It has activity against both gram-positive and gram- 
negative bacteria and is usually found in combination 
with another antibiotic, -in antifungal, and a glueoeum- 
cosLen&id in an ointment or cream formulation. 

\ntifungal Agents. Fungal infections in domestic ani¬ 
mals me CLunniLmly encountered in veterinary derma¬ 
tology, The systemic treatment of fungal infections is 
discussed in greater detail in Chap. CuUirKaui 
mycotic mfcclkms,. like bacterial infections, on he 
treated by Kith topical and systemic routes. depending 
on the local ion and severity of rhe lesions,. Common 
antifungal drugs used topically include fcenzaltoonium 

chloride, zinc, miconazole, cupper naphthanalc. pov i- 
dcMie-indine. nystatin, ttilnafUUe, clotrimazole and thi¬ 
abendazole. The 7th edition ol this te*L should be con¬ 
sulted for an in-depth discussion of these drugs. 


CiLI.'CDCOKTICUNTI'KKOID USE IN DERMA* 

TOLOGV + Ciliuasjcorticostermds are inflammatory 


mmlulators found in many topical skin preparations, 
either alone or in combination with antibiotics or anti¬ 
fungal preparation*, Glttoxwilkwlereifibi have definite 
indication.* for treating many dermatologic disorders in 
domestic animals. Glueocoriknsleroids are indicated 
for the treatment of many allergic dermatoses-, notably 

allergies COwNte" dermatitis, food allergiesk contact 

dermatitis, atuoimmitne disease* mm feeing them* 
selves with cutaneous lesions (pemphigus, perch 
phigoid, lupus. erythematosus, eosinophilic granuloma 

and pVLrifaurnuiic deimatitis ("hobspttts' 1 ), 

CjIucocpflkoHtertudH have functions other than ran- 
lrolling inflammation and inducing immunosuppres¬ 
sion. Many skm diteaxs have neutrophil! infiltration in 
the dermis and/or epidermis. GI u coco rticos:tcroids have 
a marked ability to stabilize lysosomal membranes 

with in neutrophils thereby Inhibiting the release of 
eroyrnw* chut muh in dcrnuJiiis. Fibroblast inhibition 
also occurs, which may retard healing of the skin if 
high doses arc used frcLjtrendy and for ex lended peri- 
cds of Lime. Many cndogcimusly produced compounds, 
such a* histamine land its metabolite A'-meLhyl hista¬ 
mine} and complement, have their production inhibited 
in the presence of glucocorticosicrstidH. In addition, 
phospholipase A-* which is responsible for liberating 
afachidomic acid from epidermal cells and vascular 
endothelial cdk is also blocked resulting in decreas'd 
production of the many prostaglandin* and 
kuhoerknes dticuvsed previously. Prolonged use in 

humane revufits in ihimting of the viable epidermal 
layer. Use of these i mmunosuppressive compouikk 
may also pegentiate secondary bacterial mlcctions. 
filuftx-cirtkwisleniiids iifien increase thirst and appetite 
and have other systemic side effects. It is beyund the 
scope of this chiipLcr to review all the physiologic and 
bioc hemical cl feds of all Ihe gtuciKortiet^lermds 

available to ihe veterinarian (see Chip. 33). However. 

btRr'aWse glueaeoflieoHieAiid^ heve effeeLs on other 
body systems when heing used to treat :skm diseases, 
we offer some general guide-lines here for their use in 
deimatology: 

1, Be sure of ihe diagnosis^ Glucuc’orticiisten.iids are 
generally used to relieve tile symptom of pruritu*. This 
symptom has an underlying cause, and it is imporinnt 
(o muke the effort lo dclcrmine it- Not performing the 
muliae measures to determine the underlying cause of 
pruritus may lead to more serious systemic side effects. 

2, Use the k'asf amount qf ifridol Tzj achieve the 

dauettf efieii The dose of steroid cannot tx- specified 
fur each skin disease. Ratlier, ihe dose of steroid must 
be adjusted for the individual animal, taking into 
account indh idual biokvgical variability, the seventy of 
Ihe disease, the overall improvement in the clinical 
condition of the animal when treiiled. and (he intensity 

of side effecis observed at that dose of stefoid. Sientid 

abos-c ihe clinical effect Lliredmld will itot improve 
ihe anirnars overall condition nir speed ihe recovery but 
may increase the chances of dcletcnous side effects 
(i.e.« Cushing's disease). This caveat refers nut only to 

the orally administered gIucoeorticcrsrtmtids but to 
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FIG- 33 j 6 —Gumptmtifi of Uhe idaihc potoKiciof some glucoconieo^teroids tctHr^parcd with hydrocortisone ► uwd in veteri¬ 
nary dnuADkofy. 


the topically administered gLuciKnfliccwlcnTids. (ilucn- 
corticosteroids applied topically can be absorbed 
through damaged. m well as. nurihul. skin. 

'3, Use i/m- Irmt patent steroid ip ocUrw fifw cHmcal 
effect. A* shown In Fig. 53.6, dm is a wide range of 

jn itenuy sinning llw topical glucoei irl icosl-VTi nils, rang¬ 
ing Imm hydn.K.ikTttsitrK' (which has the same potency 
as the endogenously produced cortisol) ie the 
exiremely potent fluociiiiiiloiie ucetonide (H00 times ihe 
potency of hydroc^xiisone). The more potent glucocor* 

ticoslcrciid* should be reserved for the more severe 
cases of skin disease requiring steroid therapy, while 
milder cases should be treated with the Ins potent 

forms. The least amount as well as the least potent top¬ 
ical stemid should tic used io control ihe symptoms ul 

the disease being treated. 

4. Choose the ware of steroid adminlrtnptivtt 
according to the type and severity of the lesion twin# 
treated, Hit' route of adminbtruicit) will depend greatly 
on Ihe skin disease being Heated, tempenimeni of the 
animal, owner cofnplbftce, severity of the U a s|inH>) fc 
and w hether the lesions, are focal or multifocal. Oral or 
injectable steroid therapies arc generally used when 
lesions arc IHlItifuOJ and/tir involve the deeper layers 
Of skill. cover large areas nf skin (hot-spots), or involve 

mode me to severe pruritus, or when immunosuppres¬ 


sion is indicated i pemphigus, lupus, cosinnphiIie gran- 
ulema, indolent ulcers, etc.). Topical therapy alone is 
usually efficacious when a few superficial lesions are 
present if mild pruritus? is present, and if an anti- 

i nflanusiiMfy effect is required, 

AnlihixUMltiwv anti nonsteroidal anla-lrtflsiiiiniJLlory 

drugs have also been used to Heal pruritic conditions. 
Chapters 19-22 of this leal slum Id he consulted for fur¬ 
ther details. 


PESTICIDES* Fettiride* are widely usl-U in agriLi.il' 

Lure and home gardening and in Lhe coni ml of many 
internal and ex (email parasite^ in holh human* and 
di.fciiM. viK- uriniLiih. I VstiLide Use today is ImponafH for 

three reasons-; III the tonicity thuL they may induce in 
the host anivriaL (2) residues that may accumulate in the 
food animal and then later be consumed by human*, 
imd (3) environmental effects. All three area-. have a 
formidable liicralu re data base. Chapter 50 of this tes t 
should he consulted fur a detailed discussion ol ihese 

agents. 

Must pesiieides 0 like many of flic drugs ;ubd vehicle 
discussed previoudy in this chapter, are able io perme¬ 
ate the Osin. The sekin is the primary route of exposure 
for pesticides, followed ckwely by inhalation and 
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DRUGS AFFECTING THE RESPIRATORY SYSTEM 

DAWN Ms BOOTHE 


Normal Respiratory Pk^blD^ 

Airway Caliber Chanp 

Respiratory Defense MectaMnisiins 
PMlHfcsds of Inllnminulorv Respiratory 
Diseases 

Broitcltodiliifurs Mild Anli-influ mma tr>rit^ 

p-Rrwptor Aguoisls 

Met h y I \mii bine Periwllm 

Anlkhdlnergk* 

MslsI OIL Htalbilizers, 

Other A ml Onflanim atari Drugs 
Antitnssives 

Centrally Active AnfiLimiiHH 

IVripheml Brundiudllatiir* 

Vluriikiiii'lk's 

A'-AcrlyL-l.-C A Hlduc 
Expectorants 

Iodide I'reparatiuns 
Stimuilunl Expectorants 
DeiWrt’ralainls 


NORMAL RESPIRATORY PHYMOLOGY 

Airway Caliber Clangs. Nervous innervation In (be 
smooth muscle of die icspinlay Intel is cample*. The 
puriisyiFipulltLlit: system provides the primary efferent 
innenatinfi, with Kcfykholinc as the primary iseuiro- 

irunsminer CMoses and Spaulding 1985; Riorum and 
Hamilton 1987). These fibers are responsible for (he 
basdiiK tone of mild hrnftehocan.Mrklion which char- 
iicLenzes I he normal respirtJotj tract. The sympathetic 
system blltiKU These effect* by stimulating through ji. 
receptors to induce bl^fKhodllatkHI (ScoM et d- I9SMI 
Gustin ct al. I9H9; Chand and Dcroih 1979]. In con¬ 
trast, tr-adrenergic stimulation can contribute to bran- 
clK.'conslriviion (Mkase and Spaulding IWI; Slonim 
and Haitii.Lion I9&7: Gust in eL al. 1989). A third. largely 
luulcrsUniiL nervous. syMem. referred to as idie non- 
j dienergic-none ha Ii n l- rcjic iNANO system, or pni incr- 
gic system, also innervates bronctuvl smooth muscle 
tlnque el al 1989-; Moses and Spaulding 1985}. This 
sy stem mediates hrenchodilaiion via vagal stirriijlaiicm. 
The afferent libers of this. system arc probably irritant 
receptors, and although the ncurotiansmittcr has not 
yet been conclusively identified, vasoactive intestinal 
peptide has been Implicated in the cat (Alcirrc and 


Diamond 1984 ; All icred al. 1984 K Mai Function of this 
system has been associated with bronchial hypeneaL- 
liviiy, which often characterises usthiM (Inque et a I 
1989), 

The intracellular mechanisms which transmit signals 
from the nervous system in smooth muscle depend, in 
purl, upon change* in the intracellular concentration or' 
cyclic adenosine monophosphate (cAMP) and cyclic 
guanas ine monophosphate frGMP) (Fig. 54.1). The 
effects- ol these two secondary nttasengers are recipro¬ 
cal: increased intracellular toncenlraliuns of ant are 
associated with decreased amctivirricioris of (lie oilier. 

Cyclic AMP is decreased by a-adrenergic Mimulation 

and increased by |.i.-receptor simulation tScott ct al. 
1991 )_ In contrast, cGMP is increased by stimulation of 
muscarinic tchoiinSTgfcr) and. indirectly, Instammergic 
receptors (Fig. 34 . 1 ), The relative sensitivity of 
bronchial Ml Wot h muscle to histamine- and acetyl- 
etidi ne-iiiduced bronchocMStricikm varies with the 


luxation and species (Chand and Demth 1979; Deittem 

et il. I985i Downes el nl. 1986), Peripheral airways in 

dags are more huseepiablc than those in cals to acetyl¬ 
choline. Cat airways, in general, are mare sensitive to 
acetylcholine Ihan to histamine (Coldbaleh el at. 1966). 
Airways of horse* suffering from chronic obstructive 
pulmonary disease (COPD) -iire hyix'rrcaclac lu lusta- 

mine (Defha ei al. 1985) and acerykhofini* (Chand 
and Demlh 1979). Smooth muscle receptors are also 
susceptible In stimuLulion by a variety of chemical 
mediators (F)g. 54 J ) which may also modulate cAMP 
and cGMP (Town ley ct al II9KM- Soler et al. 1990: Gray 
el al 1989). 


Control of branchial smooth muscle tone is very 

camples ami depends upon input from sensory recep¬ 
tors. Al least five types of sensory receptors have been 
identified in oil lungs, all of which can be classified ms 
either irritant (mechantireceplor),, stretch, *ir I receptors 
(Iik|(K el ill. 1989). All appear to be innervated by the 
parasympaihetic system. Irritsuii receptors, located 

beneath the respiratory epithelium, occur m the upper 
airways (Slunim and Hamilton 1987) and, in carls, as far 
peripherally as the alveoli I.Moses and Spaulding 
1985)* Physical, inechuriicul. or chemical siimulllkM 
of these receptors results in tachypnea, hnonehneon- 
striction, and/or tough. Airilaw velocity appears to be 
I lie most critical fjclor determining stimulation a I Ini- 
lam receptors in die upper airways (Moses and Spauld¬ 
ing 19*5). Airway codistiktion sufficient lo cause aii- 
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TABLE 54.2—Dtttt of drugs used to treat respiratory diseases 


Drug 

RhW 

□nr 

FrcqucrKy (tar) 

P agnsiihJJs" 


20|lfl|ofJtlft Botutn 


Epinephrine 

im . rv, EC 



sc 

dull 1 !l 1 L/kJL! <A U.] V. 1 1IJE 1 kit\ 

0L5 1 

Ephicdriru- 

IM, PO 

2-5 m£ total (O 

5-15 iiat- {hotal}{D| 


Isopwlerencrf 

P0 

044 

6-12 


iM,sc P rv 

(L MM fflf t&ial 

6 


Acvocoi 

05 ee of L200 ddutioc 

4x5 

ht^Lapn^uronperf 

PO 

Aflfoul 

05 

6 

4x3 

A] hum ml 

A4nd 

200 ifi^ 


Terbutalinc 

PO 

05 mg total 

12 

[soeiherine 

Acmol 

0*5-1 JD ml. of 1:3 

uUu Jiliilaiin 

g 

A nl in hi a 1 a its rg i c a 




Aimpini,! 

IV, CM, SC 

0.02-0.04 

ftra 

CrlvL'Lipy tail Life 

IV, IM. SC 

OQt^O.lK 

Ptn 

MeihykiUiiliincs 


ID CD) 

0-^ tm 

Aininuphyllinc 

PO 

5-6 tO 

12(C) 


IV infukni 1 

2-5 

Ml 2 




OwOJ-l hr 

Thwphyllinc bn^z 

PD 

4 icr 

5-10 AM 

I2(Q 

6-6(0 



5 <m 

12 (H) 



Ml tej 

12(0 

O^yuiphy lline 

PD 

10-15^ 

1-0 

C jLliL.HK'iWlK.LliJs 




lAvdriiMLiLiriL! 

PO 

1-2 

6-1? 

Ptrdni^LiUmc uhliuvn 

IV, IM' 

2-4 

■Mi 

HDCfauiB 




r>e^jinif^|ia™ic 

IV, IM' 

0.2-22 


Tnmik'ifioliFiiL 

IV 

0.25-G3 mg trial 

24‘ 

HLu'luniLlhiiMiiL: 

InhuLanrt 

200 jig Mu? 

64 

dppresphsfiajte 



Vte^^truE UOS 13E1L: 

PO 

5 ijig Uriul 

24x4. Ihcn 




wetUjf x 4 

AAtmivcs 




GhHh 

PO 

1-2 

0,2-2 g (H) 

15-60 mg[P) 

8 

H'fdn.5Ci.w3*s?HL s 

PO 

0.22 

Ml 2 

liuhwphannl lari rale- 

SC. IM 

0.055-0.11 

Pm 


PO 

0J-4-0 

6-12 


sc 

0.55 


Ofxcromcchfwphan 

PO 

1-2 

•64- 

Hnrpliine 

[fcovrigchianis 

1M.SC 

0.1 

MO 

C IhUsrptitfiiiTarmrk! 

PO 

U.22 mgfleg (D) 

n 


PO 

2*4 total tO 

24 



1/4 m 1/2 ilow 

24 



ivIfifiH |C) 


l^iphunliyJnjinini: 

PO 

2-4 

i 

Uimcnhydrinaie 

m 

12.5 Elkg ktCll 1.1 1 

1 


PO 

8 <D> 


Hydhnyiiu 

PO 

2CP> 

Mi 

*fV <■ inlrascvniut. I hi m iniramuu' 

nrfnr. SC » aubcatnou, K i = 

u rally. 


*C = cant, tJ = dug, H = Ihm.-. P = 

P4-- 

WF 


HJafi eauticusly in etts with mduE din. 




* 1 . 1 ( 1 10 a hriuJ da« erf 11,5 ml.. 

B l Inman clnsc- 

‘Emergency trutmuL 

upcm (hunphyllinc, 

Tl-a^xJ. upon *5% theq^Dbe, 

Tufwr J^o to minnym tlhdvt dm. 
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(Bauer Papich l9Hbak ChkoHIou between 
10 and IS pig/ml. have been recommended in horse* 
tliutlcm ri al. h>ttS: Lrrecaldeet al. iyiH4k 

Adverse dlccts, including central nervous HLimuLiiliun. 
nvodky. 4ind treruem. occur in Iwctes if icnm enneen- 

batka MjrpusK 1 ?: I S ptfwL (Lffim et aL Ik 

application ipf chera|iciHie drug monilofing (TDM f lo 
guide ifkjmpy will assist in identifying [he mewl appropri¬ 
ate dosing regimen. Although a therapeutic range has not 
been established in small animals, Ihe range nvuni- 

mended in people (10-20 |igAuL) cu be esinipokited 

unUl a mure definitive range has been established. Dog* 
are apparently more tolerant of theophylline to* icily thiul 
people. En one study toxiciLy manifested as UichycuidiiL 
central nervous stimulation (restlessness and escilerrwnLj, 
and vnmilion did not QGCUi until plasma iheuphyllirie 
KAcaAdkAfi reached 37-60 jJg/mL Ckwes of 80*1.60 
mg/kg of a HBtiued-Rkw prevention were required to 

induce loxkky (MunsifTa id. I WRhk In cab. eone-ento- 
lion*. us high as 40 pg/mL do nral induce adverse rent:- 


■ 

i 

■! 

■ 

i 

1 

■ 

j 

i 

■ 

I 

1 




lii te’iM. i I jjsc el iL l*J8l h although salivation and vomiting 
are commit following administration of iskw than 30 
mg/kg and seizures may occur ai doses greater than 60 
mg/kg ifPersson imd Eirgefult ]yw2jt 
The side effects of itx^arphy I Miw.' are dose dependent 

and might be avoided to a luge degree by appropriate 
dosing. TDM should facilitate design of proper dosing 
regimens lo prevent toxicity. 


Anticholinergics 

Pll ARMACU?lrOOir EfTECTS, Am khnlinerg ic drugs 
ewnpctc with acclykholincat muscarinic receptor sites 
4 C prcshH and Slconsdin IM4]L In the respiratory tract, 
lhvy reduce ihe sensinvity of irritant receptors and 
IflUfHUe vugully me di ited taoucbbg&ewfctuHI. In 
borses. atropine TV appears to minimally affect resting 
bmnehimhiiLrf Elri| C hut has a major effect on tone in 
bOflH suffering from clinical signs of CX1PD {Hnrad- 
■sLone ei id. I9S8), The siie of -action of these drugs in 
ihe respiralory Lract i\ ri M IffiWrt iil, In some studies. 
bmpr-hndiUrigi is reported throughout the airways in 
asthmatic human patient* and cats, but -other ioVBdga- 
Lors feel Ihe effect! IK urn fined to !v|C airways t Gross 
and -Skonxlin 19®4). The route hy which antiehnhncr- 
gies arc administered influences- their bronchodilatory 
effects- Despite their effect on hmnchial ftirwtyt, the 
anticholinergic-* hmvc ncri proven clinically effective in 
the treatment of hrnnchi-al diseases in animals. The lack 
of clinical efficacy of Tinticholinergics may reflect rti JOh 
telttllve dnig-meptor interaction i Barnes i;9S9 t 
I98B). Thus far, ihree types of muscarinic receptor* 
have been identified in airways. M. receptors, rek--ii.se 
acetylcholine, and M, receptors block its-release. Nun- 
seteclive Ndcbde of muscarinic weep to ra hy atropine 
and ipratropium may actually potentiate acetykholinc 
release by antagonizing Ihe effect! of M ,-RCepDK m ins¬ 
ulation. Ilfrugs specific for M, r cc c plon may ultimately 

lead lo ''■ucccss.lul lpjui merit 4 if hrLMbehlal disease wiih. 

anlichtdiiwTgics i.Biirnes ]W 9 , IWS). 


AtnOfTNt. Aerosolized atropsoc, a prototype anti¬ 
cholinergic drug, affects pretkimmantly the central iur- 
wuys. whcfcfls both central and peripheral airways are 
aflected if the drug is- administered intravenously 
(B-ufnes 1 £ >I?9. IWRi* Because-atropine is highly spe¬ 
cific fur 4 j 31 inittctrioic iKCfrixm, ii cuuses a pmmber of 
syMemic afcde effoctt, including tachycardia, mydriasis 
and altered g 4 islnoinrcslinal jnd urinary tract function 
(hfcKiernan ei al r I^SI). En the respiratory Iraci. 
atropine reduces ciliary beat frequency, mucus secre¬ 
tion. and electrolyte and water Hus. into the Lracheu. 
The net effect h decreased mucoclUaiy clearance, 
which is undesirable in patients with chronic lung dis¬ 
ease iMcKieman et al. L9K1), Aerosol i/at ion of 

■ 

aLropine does not reduce Che incidence of adverse reac- 
tiLTfis. Atropine i.v well absorbed (in humn) Mlowio| 
ratal -administration. In humans, atn»pine has proven 
most useful for iTViLiinvin of chronic btmchkb and 

emphysema, discam which are chartctefucd by 

increased inlnutc vagal lone (Grow and £Lnrodin 
I^RTjr However, its tlWH effects on respiratory 
secretions and ciliary aetivity negate il.s benefits to 
bronchia] (UK during long-lcrm adminisiralion in ani¬ 
mals. The primary indication erf atropine in small ani¬ 
mals is I'iici Illation of bronchodilulion in iiculdy dys.p- 

neic aimab. tfi ii the tmtiKnt of choice for 

life-threatening respiratiwy distress induced hy ancL- 
eholincsterieics.. Combining atropine wiLh either p- 
4drencrgic agonists or glue^iciiriicoids cjilm;s- belter 
bronehodilatiiin I turn using cither of the latter drugs 
alone (fjmss anti Sknrodin I yEi4 k 

Ipratropil m B ROM I DEL. ‘nils synLheLic anticholiner¬ 
gic is pharmacixJyii-u.ibhLLu.ILy xu-pL-rutr in uimpin^. 
While the two drugs are equipoLenL. ipraLrepiL-im devs. 
not cross the bkmd-fanin barrier. It is not weLL absorbed 
follivwing aeraoSzKtHfl, which limiLs ihe hkeUhLKxJ of 
idvm effecih. Ipratropium has heen studied in the 
dt^p hui not in Lhe cat (Grws und -Skorodin 1984). CJI 
ihe anticholinergics studied in dogs^, ipruLrupium 
appears lo cause ihe gnHttat bronchcKlilalion (twke ilv 
much as atn^pincl with iIk. 1 least change in saliv^ii.m 

(Gns and Skunxliu I9S4). Unlike aHLKjiine, it lL(tc% not 

alter mucodlury tnupxt mics. 

Cpl.VtXlPYRHtM.ATi:. ClIycopyiTolalc can he used as u 
brcmdnxliliinw in small uifflftls. Ahlluugh its owt of 
action is tkntt (bun Lhui of fltnpfie (Bus 1:986; 
Piipwch i^Sba), i.is half-life is 4-6 liixus Lsiiupufcsd In 1-^ 

2 hinjTs for itropine. Thu potency of Ihe two drugs, fol¬ 
lowing sysicmic therapy has apparently not been com¬ 
pared, alihtiugh glycopyrrolate twice as potent when 
aerosolized. Systemic side effects uf glycopytrolate 
minimal. 

Mast Cell .Slahili/.LTH. Drags- Lhal stabilize mast cells 
W owl effective ill syndromes, associaicd with 
marked nut «U activity. The stabilizing eflects of ji- 

tdmflfk ugHinisis, jneihyUanltiines. and glucocorli^ 

coids cm inflamiibaiory cells have been diHCiUKd 
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codeine; li can be used safely Ln cals. Studies in 
humans have shown lltal the onhin^ion of stos- 
iiumrthofpliiio with a bfaKhodhlaiinr is superior to dex¬ 
tromethorphan atone (TukiEmincn etal. 1986), 

tfOSCAPINT., Noscapirae is a oonaddlctive opium alka¬ 
loid (hen&yliroquionloncs) which ha* anliLussive 
effects, similar lo codeine (Brain 198.1). Its, use m small 
animals- appears to he limited. 

iVriphenil Btwlh>ditator& Broitchodi ktora (previ¬ 
ously discussed) are powerful peripheral aniiltmiw* 

because’ they relieve Irritant-receptor stimulation 
induced hy mechankid deformation of the bronchial 
wall during biTHielwx’cm^lrietion, Ephcdrinc peripher¬ 
ally induces brotichddiliAiun 9 iind as, IhA a feral- 
chodilalor and decongestant Lv a common csinstiEueril 

trf ovt^Mhfr-MUflter cough preparations. Theophylline 
and iwiproteceiHil are also common ingredient found 
iit mm pnpvtitem. Ocher peripheral anliliuttvos. 
include mucokiiwtic agents and hydrating agents 

(Rfludfibush 1982). 


MLICOKLNETICS. Muortinriic drags fucilitaic (he 
removal of secretion* from die respiratory uve. They 
are indicated in conditions associated w irh viscous to 
inspissated pulmonary- secretions such av are com¬ 
monly associated with chronic bronchial diseases. 

Mueoldnesis can he induced by drugs w hich improve 
ciliary activity (e.g., p- rcceplor ugurmte and melhyi- 
xafllldiies) or by drugs chnl improve the mobility of 

bronchial secretion* by changing viscosity. Viscosity of 

bronchial secretions can he decreased hy hydratuwi 
(c.g fcl , sterile or bacteriostatic water or saline)* increas¬ 
ing pH (eug., sodium bicarbonate).. increasing ionic 

strength (sodium bietirbonaije and saline), or rupturing 
sulfur (S-5) linkages, in the mucus, (e g . .acetylcysteine 

or iodine), Hydrating agents cun he administered pur- 

entemlly (i£, isotonic crystalloidsi or hy aeimoltza- 

tinn. Home aerosol i/ation on he easily achieved with 
a humidifier or steamed bath room or with a commer¬ 
cially available aerosol izer. The efficacy of aerovoliza- 
litHii in liquefying airway secretions \% controversial 
(Wanner and Ran 1980), with greatest benefit Occur¬ 
ring in upper airways. Bland aerosols such as- water and 
suline C 31 L iictually lk‘ iluErjmenial to mUCOCililiry func¬ 
tion! (Wanner and Ran 1980). The efficacy of ionic 
solution* or alkaline solutions, compared to water, on 
enhanced mucus mobility is controversial (Wanner and 
Ran 19Sfi) r 


V- \ii t\Ur -Cysteine 

Pharmacology Effects. Aoety Icysirine (W- 

aeelyl-t.-cyilcine) is the most widely used mucolytic 
drug in humans- (Wanner and Ran 1980; Ziment 1088). 
While it appears to be efficacious following aerosoliza- 
liofis more recently tin! administration has become the 

preferred route (Ziment 1988). In Europe, the drug is 


available in solid and powder dosing forms. Unfortu¬ 
nately. only the Milutnm which is- unpalatable and itittl- 
odoroUfL, is approved For use in the United States. 
kugardk'^s of chu mute of udminkiradon, the mecha¬ 
nism of acetylcysteine reflects dk^-tiuction of mucupro- 
lein of the disulfide bunds by a free saUhydryl group. 
Smaller molecules arc less viscid and not able 10 effi¬ 
ciently bind tu inflammatory debris. In addition* A 1 - 
acetykysleine tflVH m a pffCCUIlOf to glutathione. a 
major scavenger of free oxygen radical* as.weiaEed 

with infliUSiniation. The drug also appears to induce 
respiratory tract secretions, probably via a gaslropul- 
mqfiary reties.. Al higher oral doses, acetylcysteine w ill 
also induce vomiUon (Zimeiil 1986). Acetylcysteine i& 
often used in combination with aerosolized unfithicro- 


blali because it may improve antibacterial penetration 
of Infected mucui (Ziment 1988), Acetylcysteine 
improved gas exchange in a study of dogs w ith experi¬ 
mentally induced methaehiilinc hronctw>consinciion 
(Uenoetal, 1989). 


Disposition in humans, acetylcysteine is rapidly 
absorbed from ihe gastrniniestinal tract and e&(£Vb&ivdy 
distributed lo the liver, kidneys, and lungs, where it 
may accumulate. It is. rapidly metabolized by the liver 
to line natural amino acids cyvtrinc and cystine ( Ziment 
1986* 1988). The indications for oral aodyicysteine 
therapy in people include toxic inhalants (including 
tobacco smoke h bronchitis,, COfO. cystic tibrosLs. 
asthma, tuberculosis, pneumonia, emphysema, and the 
adult respiratory distress syndriune. InsiaJIation of a 
10-30% solution has- alui been used lu clean and treat 
chronic sinusitis (Ziment 1988). Similar uses arc indi¬ 
cated in veterinary patients. Physiolherapy will 
enhance Lbe efficacy of acetylcysteine, 

Adverse Effects. Aceiykyiieine (hertpy is associ¬ 
ated with few adverse affects. In humans, doses as high 
as 5CM1 mg/kg are well tolerated (Ziment 198b), 

although vomition wd anorexia can occur. The median 

LD^ in dogs following oral u c is l g/kg, and pnrenrer- 

a(|y 700 mgfkgr Bedu m it is mefabolind to sulfur- 

containing products, it should he used cautiously in 
animals sutTcring from liver disease characterized by 
hepatic encephalopathy. Aerosol izatino of A'-acetykys- 
teine can cause reflex bronchoconslrktion due lo im- 
tunE-reecpKir Mi mu tall on and should fe. 1 preceded by 
administrarion of bmneSu>dilators. 


EXFBCTDRANT& ExfiecHinuUs such ^ psiMiuiii 

iLKlide are common ingredients in vivei-Ute-countcf 
cough preparations. Expcctnrajits increase the Fluidity 
erf respiratory secretions Ihrough several possible 
mechLimsm* and are often u^d as adjuvants for the 

management of cough because they facilitate removal 
of Hie inciting cause. Bronchial secrellun^ are 
increased hy vagal reflex following gastric mucosa 
irritation (iodide salts), and directly through sympa- 
thetic Simula [ion uf by volatile oils which arc partially 
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lion. In contrast to ocher causes of rhinitis, tupicuL I 
dcconpcKcannH may he more of it risk in patients widl j 
allergic rhinitis because nf (he risk of drug reaclittii 
Hrhinitis medieurnentosj.). Ehb side effect is avoided 
with systemic therapy. Since the antihistamines are 
safer than sympathomimetic drugs following oral 
administraiion. this may he the preferred renrte few anti- 
hisLajutnes (Hendeles 1993), 

Fiirmuljtiuifcs of topical preparations can influence 
drug efficacy. CnntralIcd-rclease polymers can 
decrease the rate of drug dissolution (and thus its abil 
ity la reach cellular targets). Although these differences 
may not he. elinieiilly relevtinl. it l® imponaiK to realm 
Ait bkHCfllivalf iKy Of the topical decongestant prod¬ 
ucts containing older drugs may van,'. The major disad- 
vartriLge of topical agents is their short duration of 

action. 
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anesthesia. lasts between 10 juhJ 20 minutes, To ancs.- 
i:heti?£ the conjunctiva. 4*5 administrations ? 3 vlt 2-3 
minuLes ujl b usually necessary to ac hieve adequate anal 
gesiu. During the jincMhelic perinL Le-or production and 
blink reflex will be suppres^d. Therefore. u, lubricant 
ointment should Ik applied n> rhe eye ;u ihe ennclusiuit 
of the procedure. Topical anesthetics should not he 
used continuously fbr Lreating ocular pain since these 
j.gtnLs are damaging to she corneal epilhelium and may 
delay cumeul wound healing. Eueuive applications 
should ulso he avoided since cardiac and respiratory 
Huicittos, although unlikely, are possible with these 
I ipid-suluble agents. j 

■. 

Injectable Local Anmilhetiirs, injectable agents may 1 
be used for local (eyelids or regional SorbitalJ anesthe¬ 
sia in ophthalmic patients and are particularly useful in 
largu hct W voFM. Udocaittt (I •1%'K Impivccobw (6.25- 
0.75% k and jvwpfiWHfu |l-2%j arc must commonly 
used Tor infiltration anesthesia of the periocular urea- 
The duration of action is Lhe major difference he 1 ween 
these agents, with Irdocamc having She shortest dura- 
don of action (4M0 mm), mcpivaeiinei an inlcrmedi- 
ase duration (2 hr), and bupivacaine the Longest dura¬ 
tion (4-6 hr}. Eipincphrinc is sometimes added to cause 
local vasooooifiktno, which pn dungs absorption and 

delays the action of the local aneslhctic agent. Epi¬ 
nephrine can prolong the duration of action of lido- 
cainc up to 2 hours. Hyafiuronida.se may also he added 
So enhance diffusion nf Local aneslhctic r Injectable 
local mud topical agents are frequently used concur¬ 
rently to achieve the desired degree of local anesthesia. 


DIAGNOSTIC AGENTS, Ftomscdn dye h used 

extensively ill veterinary ophthalmology, with iiv itum 
frequent and important use being U> application to she 
ocular surface for detecting corneal ulceration. To 
ensure sterility of topical ophthalmic dyes, individual 
sterile strips are moistened with sterile eyewash solu¬ 
tion or physiologic fluid. Ibis liberates She dye from 
the sterile strips and allows its instillation onto iIk eye. 

Since the corneal stroma is hydrophilic, water-solu¬ 
ble fluorescein has a marked alTmily for exposed 
struma. Positive staining is milled as an ami of yelluw- 

gjold stain immikra with room light or when a focal 
white light is used A cobalt Hue filler m an uicravidei 
light source will excite the fluorescein, and any arca(e) 
of positive sLoming will appear bright green. Topically 
applied fluorescein will nut *Lain intiict epithelial sur¬ 
faces ur Devcemct's membrane, Topical Ouoresctifi 
solution is also useful for determining pne-eney of the 
nasolacrimal drainage syvteni. 

Injwsable sod iai n iluOTCKGin solution may he given 

inSruveuoii^ly to study imntiKulareifeuiluiion. Anterior 

segment fluorescein angiography allows evaluation of 
conjunctival-, scleral, and iridal blood vessels. Retinal 
and chomidul circulation miy llu stydted folkw¬ 
ing iobimooi injection of sodium Ohrscod Break* 

down of eiiher She blood-aqueous or the blood-retinal 


barrier will allow leakage uf fluorescein, which cun be 
qiuubiifhcd ur photographed: 

ff^p.vr Bmgol i& urM in ophthalmic diagnostics 
because it is retained by abnormal ocular surface cell* 
in the absence of overt ulceration. Although w more 
sensitive indicator of suriu puboJogy than topical 
flunweii, it may cause nrdld ocular discomfort to 

some animals. Because devitalised corneal nr conjunc¬ 
tival epithelial cells will stain a deep red, subtle surface 
ceil abnormalities such as occur in early eases ol' fccra- 
tncnnjunctiviti.s net tKCS-i arc detcciahlc with Row 
Bengal, It is also used to detect dendrilie epithelial 
defects tn feline corneas resulting from acute her¬ 
pesvirus keratitis, Like fluorescein. Rose Bengal isb«.1 
utilized as individual sterile .strips moistened with ster¬ 
ile physiologic fluid. 

Phcntri m/has recently been described for tear mca- 
WHKnt by placing a small thread impregnated with 
this dye into die ventral conjunctival fornix for 15 sec¬ 
onds. A normal range of 30-38 min of wetting per 15 
seconds has- been determined 1 Brown cr aL 


OCULAR IRRIGATING SOLUTIONS 

Oculut Surface Irriguite. IrriganLs are used Co rinse 
away ocular surface debris and lo reduce numbers of 

conjunctival bacteria, Only Low-pressure lavage should 

he used for Ihe ocular surface; therefore, ;l|i adccfOutv 
volume of irrigating, aohutioi to important. .Sterile pliys- 
iolugic saline is a commonly used and acceptable imp- 
ant. Commercial ly prepared eyewashes are available 

and alxu Injsgueinlly uvaiii to flush the Lh-ular surfm/e. 

These products are polyiumc and buffered for ocular 
use but also have preservatives, which, with repeated 
use. may cause minor irritation in Ihe eyes of some 
patients, .Sterile distilled water is not rcciHiinx'iided as 
an ocular hnipant because of its hypinonieiiy. 

Adding an antiseptic or nntibi^ie lo the irrigating 
M.ilulion may he useful in liiriher reducing surface bac¬ 
teria. ITie dlifiicy tvf this practice ts dependent on the 
SUKCptibllhy of the resident ur contaminating urgnn- 
ion to the specific ageist. Also, ihe choice of agem and 
the concentration used shtnild he such that the lavage 

M.i|utnm twi^i untimkvoUnl effects wfikhout causing Lis- 
damage r A potentially various error te ihe addition 

of an excessively high cUDmvtatfon of the active agent 
to the irrigating fluids, thereby causing tissue toxicity. 

\ n live pc i k Solutions, Pov idone-iodine anti-sepl ic 
sohlkutt are widely used in Vtferiiwy medicine. Tlw 
advantage of ptmdooe-toduK is its broad spectrum of 
activity unit its wjj* range of safety to surface osm*:*. 

For culancons a concentration of 1% or les* in rec- 
ommgndcLk a L10 dilut ion of u stock sol ution results in 
a l .0% solution or povidone- iodine. More of the iiclive- 
frcc iodine occurs in lower conccnUatiuns- of puvidonc- 
i<idinL: G Rl»Ixt[n cr Lil. studied the effectiveness of vjni- 

om dilore pwidosw-iodiK solutions in eliminating 
nakkil baclerito flora from eyes of dogs when used 4is 
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iipresurgicaJ irritant(Rubens et al. 1986), DUnfactUn 
with 111* 1:10. ant! 1:50 povidone-iodine dilutions was 
effective in eliminating, hucleria from canine eyes. The 
use of n 1:5© povidone-iodine solution was as effective 
ai mure cunueiltraled volutions vkboot causing appre¬ 
ciable tissue Tractions. Dittdvullgtt of puvidone- 
kxLiftc antiseptic* include stdUy, putiNe influence on 
thyroid function. reduced residual activity, and reduced 
efficacy in the pmeoce of organic matter. Therefore, 
pavidan-ioclinc irniy not he ihc hesi choice for heavily 
cuiit4i minuted wounds nr where devitalized tissue is 
pRsendi 

Chlortiexidijie is another effective antiseptic solu¬ 
tion, A MO dilution in water of I he 2% concentrate is 
used (final concentration of 0J)5%) for cutaneous anti- 
w?p*iv. Ill a light microscopy vludy. 2‘‘ ■ ohlnrhexiduie 
was DOUOXk DO rabbit corneal epithelium or endothe¬ 
lium when applied topically 4Gat-Hell and Ishii 1975k, 

Advantage of dtioriH* idinc arc tlmt bacteria! md» 
ant e has oot Keen documented, ii is iffcckd less by 

L’pfgLdtlau iniiic.'i :il thuO pOVidLMfaC-u'KLnfcC. 4Ufcd giu.sj cm ■ ial 

kill of bacteria -noeur* with excellent residual activity. 

A disadvantage of ehlothestidine is ivs- puLeinia] fur irri¬ 
tating the cornea and conjunctiva when higher than rec¬ 
ommended strengths cuntucl the ocular surGkct 

(MicRk et IQ 84 J a ChkfftKxidiAfi is iIbo unstable in 

HUM HdlltiHL 

Soap* and detergents are damaging to ocular surface 

tissues anJ should he used muod the eye*. An 
except™ to this generalization is the possible use of 
commercial in lam hair shampoos u a surgical scrub 
for the eyelids. 

Intraocular Irrigatiun. intraLscubr irrigation is nee* 

etory to maintain ineyriiy of the eye during surgery 
and to flush unwanted material such as lens fragments, 
or hlood cells from intraocular companmcnis. h is 
essential that intraocular irrigaEing fluid be isotonic 

f2 s M)-.M)0 mOsmi, have a physiologic pH (7.4), and be 

Rimin i taring to iiujancular cissiLcs., particularly the 
cormeal endothelium. CiklUSDU bicarbonate,, and glu- 
taihionc sure important components of intraocular irrig- 
ant solutions for maintaining; corneal endothelium 
heaJlh particularly in instances where surgery is pro¬ 
longed (Glaiser ec aJL 1985: Araie ec a£ I MO). 
Polyiunic solutions such as lactaled Kinger s solution 
sir balanced *iilt solution are satisfactory solutions for 

■horMemi ErrifUkm (Nause et kI. I 9 W). Normal 

phyviolugic saline (O.M^ when used i nLnaiifXTutiYely 
1o irrigate Lhe anterior chamber, lijis been ttUCiUtd 
wash postoperative corneal edema resulting from Loss of 
guTiityil HdodKlhtU tlidk'lhiLu^r et aL 1976), There¬ 
fore, phymJogk abac ts not recommended fur routine 
use ss ui iotnocultf imgftoL 

ANTI-INFLAMMATORY AND ANTIMETABO¬ 
LITE AGENTS, Steroidal or nonsteroidal anti¬ 
inflammatory agcni* « frequently indicated. fur treat¬ 
ing iHniotelkHJt and infectious eye dlseue of 


riomnrtc Ifncia. Inflammatory processes of lhe eye 
and udnes.a may cause progressive deleriurdliun of lhe 
eye w ith loss of vision. Spontaneous immune-mcdi-aled 
diseases affecting the eye may he particularly serious 
and require short- Of long-term anli-inflammatory ther¬ 
apy. In these immunc-mediated proocuH, ocular dam¬ 
age may he cotirolbd nr prevented only with appropri¬ 
ate UK of topical and/or ayitetmc inlHfiflimivkafto^ 

CortkaftanMi 

Topical Coptboostgeiioids. Topical coftimteroidt 

are used to treat both ocular surface and intraocular 
inflamm-ulcuy diacua. The cboioe of a specific agent 
depends cm penetrability; combination with anti bi- 
oticfiX and cost. Because of Its lipid solubility, p rarf- 
rttarim amw penetrates the cornea quite effectively 
andp Ibenfott. is used extensively in therapy of uvtmoc;- 
uliir diKa»> pun icu larly for tmAJig antemr iiveiiim 
Predititoiofle acetate h cootUKrdilly sivtflibk as 

t). [ 2J% lht I .O'-i- inpqHHM und ss also available js an 

oLimmcni in enmbiiialion with antibiotics. The combi¬ 
nation of prednisolone nccraLe and chloramphenicol rig 
often chosen for topical therapy in cabcs of septic 

uvekk becutt of the uluMUty properties of each 

drug. NeuUata] ophtlbidmitis resulting fruni buctcriul 
ttptkflnil and rie kctts-ial d hfl B fr iaodlttd uveiEis are 
euuopki of ijnfeclious uveicidcs ihm resend to this 
topical combination admini.vicred enneurrcEiily with 
appropriate systemic therapy. 

Deiametkasane suspeiuiim tormulaLed in combi- 

flulioti with neomycin and. polymyxia aIw penetrates 
Uk cornea well 4iikJ is effective in ireating iivtitii of 
domestic species. However, ihe antibiotics in tUs 

particular ciTinhinaiimi do nui p^iheiralc tln^ ey l* wcIL 

AllhrtUgh it *(Imm frhtHfrfutff ii ClHII ■ 

mereially available a.s m uncomhiibcd product^ ■ 
aaKlhlUK suspension penetraLes the cornea mom 
effettzvcly and. therefore, is preferred m therapy of 
utcitis. Combination nliilkHU of gntuldn and 
hr ram*'shawm v off MomycLflU pi «l y myxin, a nd 
fUurit'thus an? are avaLiable commercially* These are 
effective and lesv expensive alternatives Jor treating 
ocular suTfiiee intlammation. However, prednisolone 
and dexamethasone with or without accompanying 
antibiotics- are generally prefciTed m Lhe treatment of 
uveitis* A HHDptfiMI of dilterenl I'orms of some tup- 
teal! LLirtiLosLeniids in einmeal vpithrdiul penetration 
and suppression of comeal inJlammaLion is j^iven an 

Table 55 J B 

In the lopkaJ treatment of dhwiwt of die external 
eye, such as blephsiritiv. conjuncLiviLi*. or keratitis. 
anLibiL4ic-ck.irtteusteruid combi nations are commonly 

4idministored. A Ini potent eoctioMienvd such av 
h-ytlmrifruuvTf dtMH imiy he an cflcctivc, economi¬ 
cal alternative that may he tess likely ilk ouh tyitHDk 
side elteets-. Hydrocortisone is also available us an 
ointvnenl in combination with triple anrihicrtic or in 
com banal ion with chloramphenicol and polymyxin 15 
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TABLE 55*1—Contparburt of different topical 

CDrtk^ldDids in uipprnsmg rabbit coranl 

InAunmittavi 


ComeaL epiihelium 


CaftinoMoU 

Ihgul'I 

(ft deerwsei 

Ahscm 
(ft dBCMK) 

Ptednlwtora how i% 
[lesameliiiHone ikolul 

$1 

5.1 

tQLl ft _ 

Prcdnifenlcinr yxlium 

40 

42 

plkSSplliilL’ 1% 

Pknonihw itootiol 

» 

47 

aift 

Desuniieili^iiiie K(flun 

M 

37 

pilus|3lliiJtL CM# 

De a lime 1 has one sodium 

U 

22 

|JiLis|]lialL i^inLimnL U.ll^'.t 

13 

— 


Source: Mixlifrd frwn Loflmdlz and Ku| 4 ltiiillvi I4HJ. 


mtdryxnt L.tl^ Is a synthetic coclKOi&Gfnid mar¬ 
keted for topical ophthalmic jni^igrfkm ni totfy u>* in 

humans. It ha^ less anti-inflammatory potency than 
Qll% dejcantethiiscme. Studies in human patients- with 
In frare d htiraocubr prature flOP) and in those sus¬ 
ceptible io a rise in IOP iiwtiraff Lhui there is levs effect 
cm pressure with medrysone tlun uiih either dflH- 
methasone or betamethasone. 

Fkao mmc thoftmf is a. progesterone-like corticosteroid 
developed as m anti-iniliinunatnry ageni for human 
paLicnts who rcsptmd adversely to conventional topical 
corticosteroid therapy by developing. an increased IOP. 
When coqmd lo topical desamelhnsonc. topical fluo- 
rometholone decreases the tendency tor increased IOP in 

■a 

hunruun Ceroid-responders. Although clinical cxpcriaK 

indicjUCh ihai nuomnednloac h an effective urni- 

inflammatory agent when used in animals, there is no 
evidence drat animals treated with topical conieosteroids 
develop ocular hypertensiem or glaucoma. 

Rim£JMltNie is a reocnLly marketed ophilualmie conli- 
mtenrid with the niidiilkwH^i claim of few side 

effect), in Judina tow ri^k of IOP locrere. In clinical 
triab rinuoiMH hat been similar lo fluoramedwtone 

in perccniage of human patients who d^mofl^traced a 
significant IOP ri-sc. Produced as a \% suspension, 
fimeAolone curries a label indkalion for postoperative 
inflammation following oculur surgery and for the 
IftiLinwnt of anterior IMid&i Topical ophLhalmic corli- 
costeruids sue summarized in fable 552. 

I he priflUiy i^3rtli l .2LiikhL~.jl:ii:Hl Liar' topical eisrliCOs- 

temid therapy is in the presence of uleercuivc keratitis, 
where lopic-ul CO rtkaM Mkl may delay KUHl healing 
by impairing fibroblastic und kcratocytk ictMQf, pre¬ 
dispose to infection, and enhance activity of degrada- 
live proteases, including collageiuLses-. Topical corti¬ 
costeroids also are contraindicated for ocular surface 
viral infections.. 

Systemic GoinroosTraDiDS. Systemic coalcu- 

h&mMt may he used alone or in eotnhinaiion with lopi- 


TADLE S5J Cwr lkwtiHMi for topical 
ophthalmic use 


ApriLl 

1 Xisagc (an 

CoaceatretiGfi 

l^s^meGhii^wic 

SuBjpeawd 
^xliam pkmphut 
Mduinui 

a lift 


ai* 


S<hJluiii phiX'kplulL" 
flUAKUt 


PihUmm 

ALL'luh* sus|x~iisu]ai 

ai25ft, iJJft 


McHjiiim pIt k ptusl i? 

iliIuEioO 

a 125ft 1.0ft 

Ih'Eiim^lhusone 

AecUlc HfabH 

OJft 

FluDwrti—nfw 

Solution 

ftOlft 

Hydnxnrlivi^ne 

Aetlrin oiotmoit 

1.0ft 

Fluummeiholoitt 

Scufinton 

aift (us# 


Oiobnral 

OJft 

Mfldrynm 

Sn^pwton 

fj)ft 

Ki ma^tJuibc 

SusfS'n^Ei^i 

1 .Oft 


cal corlicoreternids. Common iiduvUons for systemic 
conkwmkb in (sphthalmotogv uc for Hutment of 
blepharitis, ickrha&fepttckrtbL u^eiii.v chcmuor Li iritis, 
optic neuritis, ami orbital inftanmutofy Jbeaw. Sys¬ 
temic corticoslemidH can be used following. iranmarie 
mplure Or tuceralion ol the globe when topical coati- 
RHtHOkb ure ODfllniadklifid because of corneal dam¬ 
age. Systemic corttoMtenWdi may also be used to neat 
severe uveitis w hich may be present concurrently with 
uktfllVTC kefulilis, ll is Important Its lemember that 
both topically and syMemically administered curticos- 
leroids may cause adrenal suppression rRuben'* el ul 
1984; Glaze cl oL 1988; Murphy el nl. 1990; Moatct 
al. 1992). lUrdbR, gradual nd&cdoa of lyitodilc cur- 

licuslcnuid therapy Is recommended go iLsduce the ILke- 
lihoud of adrenal complications while preventing 
recurrence of 1 he ocular CODdkfcrfL For further informa¬ 
tion on aystemto mcttowtonJdi B refer io Chap. 33, 

Nonsteroidal A n I S-Enflamimitory lingo* Non- 
steroidal anli-inllaminalory drugs (NS A IDs > inhibit 
pn^Uglundin-mediuted inflammation by inhibiting 
the cyclomygnre (COX) enzymes, also referred Lo 
us prostaglandin endopenulffe synthases, responsible 

for convening nracftiidLKiiic ac-fo t« irici.^iluids and 

subsequently pmtaooids. TWo COX enzymes mev 

in tissues. COX-1 is mosL common and promotes 
release of prostaglandins lhai regulate norm;Ll cell 
} octvviRy, while COX-2 is found in resting cells and is 

only r ricre d in mp o me to ntulnu ^limuli (Vuu 

and Rotting 19954 Asa result of their action on the 
mllumnuilory cascade. NS A IDs have antipyretic and 

.malgeiic properties. The primary indication tor 
NSAIDs in ophthalmology is for ihc treatment of 
uveitis, al though administration ol' NSAIDs may 
reduce symploms- of other inflammatory diseases such 
as blepharitis, conjunctivitis, -or keratitis. Since 
NS A IDs inlerfere with platelet aggregation. they are 
ccutnifldtoltsd in CMtt of hyphema Off when m- 
tonic bleeding disorders are prevent. 
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animal* art a frequency of 3 times daily when signs of 
cbmik conjunctivitis would not improve with other 
therapy. A topical, selective histamine antagonist is 
avail able I'm hitman ok and is reported to he effective 
and well tolerated by children with allergic conjunc¬ 
tivitis (Wultnch and Gcliber 1995). 

Cmm&lyn sodium is a mast cell! stabiliser that has 
been used topically and systemic-ally in human patients 
to prevent signs of allergic conjunctivitis. Because it is 
tnoU effective when used just prior to exposure to 

offending allcrgins rather ihin after clinical signs are 
already present, it has not been widely used in veteri¬ 
nary opttihal mnlogy. 

MegesSiui ocefcnfe is a progesterone analog which 

has been effective in treating feline ock inofM I ic and 
proliferative keratopadiie^. The precise mechanism of 
its anti-inflammatory action is undetermined. The 
dosage is 5 mg orally daily for 5 days, ihen 5 mg every 
other day for one week, followed by 5 mg weekly as 

maintenance therapy. Mego-lrol acetate is not FDA 
approved for cats. 4ukl caution is advised when admin¬ 
istering to eats since known side effects include 
endometritis, pyometra, diabetes mellitus, weight gam. 
adrenocortical; suppression, and behavioral changes. 

The combination of Mmcydme and Audrramufa 
has been used CO successfully Lreut Sterile gTimulcmiii- 

iow ocular adnexal diseases in dog*, Tetracycline (300 

mg PO qfBhOi and niacinamide (500 mg PO q8h) are 

administered u lira I remission of granuLomarous 
swelling is noted. Then, frequency of treatment is 
tapered tnq I Zh ami finally toq24h over several weeks. 
LvenLuuLty all treatment* are discontinued. Although 
the specific flKdttilisffl is not understood, the combi- 

muiou of these agents is known to have imiiiummiodu- 
luting. and imtiTnAummatofy effects (Rottatein et a!, 
1997). 


ANTIMICROBIAL AGENTS. Antimicrobial drugs 
are routinely used for treating ophthalmic diseases of 
domestic mhub, Setadskut of a particular therapeutic 

agent is based on the known anli microbial spectrum for 
a given drue,, knowledge of likely offending organisms, 
and results, of specific susceptibility tests. Selection 
may also be influenced by physiologic harrier* and Ihe 
desired site(s) of action, drug compatibilities,, potential 
toxicity, and specific formulations available (i.e.. solu¬ 
tion. suspension, iiintmentj. 

In ease* of ulcerative keratitis, where the corneal 

epdihdiflj barrier i* tosh corneal peneMM become* 

possible for drugs that would not typical ly move across 
the epithelium, However, if the primary objective is 

ircntmcfll of deep intraocular in orbital infect knfl, then 
systemic therapy is indicated. Unique properties of the 
normal blcwd-nqucrais harrier may limit the intraocular 
penetration of many iuiliiriicTubud agent* given sys- 
tenacalJy. Antimicrobial therapy is frequently war¬ 
ranted in cases Of uveitis, whereby intraocular inflam¬ 
mation enhance* penetration of systemically 

administered drug*. Orbital tissues achieve antibiotic 


levels of syslemicully administered drug* comparable 
to those of other soft tissues. 

Subconjubet l vad injection of nodimiajyng aittirnicto- 
biiii may be u*ed to achieve high lltx.nl level* of a drug 
for up to 6 hour* for didst aqueous-based preparations. 
Only parenteral anti microbial preparations should be 

used tor subcanluDCEfeva] injection*. Some injectable*. 

such a* oxytetracycline and amphotericin, are 
extremely irritating and are not recommended for sub¬ 
conjunctival use. Antibiotic* which can he safely 
injected subconjunpclivaBy are given in Table 55.4. 
Combining antimicrobial therapy mas be bene lie lal in 
some instances . In therapy of deep corneal disease or 
u rre it is. it i* common eo> combine inpical, isuhciinjuncii- 
val, and systemic therapy. Alternatively.. to enhance 
antimicrobial activity, more Lhan one drug may be 
delivered by the same route. If more than one antimi¬ 
crobial is applied to the eye at one dosing, some mini¬ 
mal amount of lime (e.g., 5 nun) should he allowed 
between each instillation to avoid dilution cur chemical 
incompaiiNliiy. 

Because of the limited aval lability of antimicrobials 
approved for topical ophthalmic use in animals, extra 
label use of human ophthalmic products or compound¬ 
ing topical preparations from injectable formulations is 
often necessary to adequately treat animal eye diseases. 

A m i finelyeusMes, (ientamie i n, neomyci n, lobra- 
mycin, kanamyein, and amikacin are aminoglycoside 
antibiotics commonly used in ophthalmology. 
Although aminoglycosides penetrate Ihe mtacL eye 
poorly* they are extremely useful for treating ocular 
surface infections thu cause or implicate conjunctivi¬ 
tis and ulcerative keratitis.. They are particularly effec¬ 
tive when used m treat serious gram-ncgalivc infections 
of the eye, specifically those caused by PjvwdbfllGffiu 

tiemsinrjsti- Aminoglycosides have a broad antibacter¬ 
ial spectrum against a variety of gram-positive and 
gram-negalive ha l Lena: however, streptococci are noto¬ 
riously resistant lo these: drugs. When injected subcoffc- 
jiinciivally at recoittmetided doses, the aqueous humor 
concentrations of aminoglycoside* are sufficient to 

achieve bactericidal level*- Although renal and auditory 
toxicides are important side effects of systemicalty 
administered aminoglycosides, these side effects have 
nol been observed with local ocular administration.. 

Topical Ketuamicin is recommended as initial ther¬ 
apy when gram-negative bacttrill infections ire sus¬ 
pected rtf confirmed. GfirtUumiein Eh generally highly 

“effective; against Prtutkmmta (wmgtwm* and Staphy- 
tapw-ciif spp. (Moore d air 1983 ; Gerding at al. 1 

Gentamicin is commercially available as a 0.3% topical 
ophthalmic sulutiou aivd us an ophthalmic oinlmcnt. 

Fortified solirtiofis of genlwiicin can be prepared by 
adding gentamiein injceiable 10 artificial tear solution. 
Fur example, 2 mL of gentamicin injectable (SO* 
mg/mL) may be added to 13 ml_ of artificial tears to 
make a final concentration of [1.67% gentamicin (6.7 
mg/niL); ut, alLematisely, 5 mL of the same injectable 
nay be added to 12,5 mL Of artificial tears to make a 
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TABLE 53-4—five a.if utlmkitMitl wiluliutis for lupkil upbHulmir iirtdl aubninjuncliral usr 


JLipiejl 

LhS'lteillfUli'SH'l 

kefercriLe 

SuhflHijunciivul 

due 

Rdbocc 

Antlhdcrfaia 





Gt nl ami i.~ in 

i 

= 

“1 

1 

Hyndiuk and Snyder I9fl7 

2£M0 mg 

Rfgnkr Ifife 

Tulvuydn 

10-20 ngUL 

Hymliuk and liiydcr iWf 

in 4U mg 

\asi.hKi! and 

mi 

AmAndn 

m nh.Lii'hLL 

kugihiLi and Tuulajn IWI 

15 lfl| 

lIvndLiiL nrvl Snyder 

1«7 

Ktunycn 

3 111 nfcj?nd. 

Mom tWS 

10-20 mg 

IEy ndiidc iiivt Sqpfcr 

Iff? 

Hyndtuk and Snvder 
Iff? 

Ctftaollw 

SO inji.'n l 1 . 

Hyndiuk and Snydvr 19?t7 

100 mp 

ChUmnpheiiicLil 

5-10 mgAniL 

Hyndiuk and Snyder IW7 

1% . -.■i'Iut and TuirliLiii IWI 

100 mg 

Hyndiuk and Snyder 
' Iff? 

Ptinkillin O 

RQQlODO PW, 

Nbhik and Ndlnw 1992 

WQJTO 0 

Re^nier Jnd Tcigljiiri 

3 ( &ii 

Ampicillin 

10 ngAnL 

kugnitr ;iml Tnnliian 19*11 

100 mg 

Repnier and Tanain 
I»1 

MdtUdUifl 

— 

— 1 

100 fflg 

RupniuT ^n-J 'Pigljtin 

i 1991 

TkndHa 

i,3 mfUL 

buum l L ^J 

100 Bf 

tC4>mpArahlL L > 

rjmwIHtl 

Hyndiuk and SnvdLT 

1987 

Bui: i£r juju 

ArlifurtEih 

Slit® U/nil. 

Hmm and Ndm 1992 

10,000 u 

ttegriatfr jmd Tuoljin 

1991 

Ajn|JiLiUiru.'in K 

1,0-2-5 niyVinl . 
flUMWOV?) 

■nmttr 19*7 

ftS-UO mg 

Fonrisr Iff? 

NysLalin 

SOlOOO ijM. 

Footer 19*7 


— 

Mk'iiiUMle 

10 mg/mL (l%)i 

Fontof 1987 

3-St) rag 

Afttf l«T 

KetucLiiu^nle 

10-20 ntfnL 

Fmter IM7 


Flacytanc 

10 m§fwL (lit) 

Fontar 1987 

— 

— 

( kslnuiiujolu 

|% in pcanul nil 

Demtna iwi 

— 

— 

ftncannalE 

!•« fat m 

DMSO cuntment 

Bail 1997 




final concciiLnituin ot L4ft gentamicin 04 mg/mLl- 
(Kern I9WX A subconjunctival dose oK MM33 mg of 
gentamicin may he given lor small animals or 25 mp 
for large unimaK |%r Suibcunjunctivid UK, Iht 40 

rag/mLor 50 q|/hnL iiyectaUf Bohitim i>f gentamicin 
■re preferred ow the 100 mg/mL Hdutkm, whkh «o- 

tains the preservative hen/yl alcohol, which may cause 
local irritation. Genumicin m incompatible with sul¬ 
fonamides and chloramphenicol. 

.■Vftvnvc in is an aminoglycch-idc commonly applied 
to the eye in cmWmMm with bidtndfl for grami- 
ckttl) 4 uh 1 pdynyxio R_ This Lriplc antibiotic combi¬ 
nation iiKi'ciilliws llte specLrum of antibacterial activity 
against hkrih pm-pcwiljif rm) g.ram-isegaLive organ¬ 
isms. Triple antibiotic is an excellent fir%l choice lor 
acute external ocular mfccticms or to prophylaxis 
against suffice InfectkML Neomycin hypersensitivity 
may OOCUT wilh chronic therapy and manifests as per- 
sisEeni conjunctival hyperemia in the absence of infec¬ 
tion. If neomycin hypersensitivity lh suspected, ihe 
drug is discontinued and if is replaced with a nun- 

■nbHglycoiide inlihiolkr. 

hjL\ been suggested to he 4 Limes mire 
effective against Pw^mnvmu organisms than gentam- 
idn -IHavener I SHi3 K and, like geniamicon, is effective 
against penicillinase-producing staphylococci, To bra- 
mycin is available commercially as an ophthalmic flint* 
mcni or HLutkm and may he used as an alternative to 


gentamicin, particularly in «an of mutant Pstudo* 


spp. 

A. r LTOiJM vr'dj is an ami noglycoside that i\ active 
again M many grum-m'galive fiulbugens. and is particu¬ 
larly useful when treating conform nr Kh&titUa spp. 

infections of the equim 1 CJttr Kunumycui hat bttfl 

JeinonsifareJ m be highly active against UoruxtUa 

th)Yi.t iminimum Inhibitory coiKenliuLmn less Hum. 

0i pg/mL) (George et at I486), A^wfaiciit is an acety- 

laled kanamycin and is an alternative amuioplyccpudc 
few use against gauakib- or tobramycln-resislanl 
PttiMifcmMiu ^pp. The acetyl moiety render^ 
amikacin irmrt* CUbtUt to bacterial enzyme inacliva- 
tiwn. Solutions to topical ophthalmic use may he pre¬ 
pared by adding 3 ml. (30 mg/mL)- of injectable 
amikacin or kanamycin lo 12 mL of artificial Lears for 


a filial ci.nKeiLtrj[ii.Hu of I JM * Kanamycin or amikacin 
inprciable (50 cm e*ch ho given wbconjuac- 

tivally t Table 55.4). Subconjunctival injections of MX) 
mg of kanamycin in calves produced local Levels 
exceeding I pig/mL to 2 Imurs. re^ulling m successful 
tmdnean of infactHMll bovine kerantton junccivitii 
(3BK) (George et iti IL9S6). 


C Tphalnsporins. CiephaJospoains are [Hactain bacte¬ 
ricidal antibiotics similar in spectrum to penicillins 
except thui I his group of ageufa js geibctuLI y effective 
against penicillinase-producing organisms. Local 


Copyrighted material 





Hidden page 



l!Ji / SttOoa 12 / iHOaUY ukAi of HtMouUixMJr 


effective intraocular levels for J4S houi^ (Havener 
l9S3\r Although Allen *t al. |[|W5) reported tltat at! 
333 Atanuv/to /wfl-r.i isolates ncovwd bom c attle 
with infcciious tontocoajoncdvMa ftBKi wan mw- 
rcptible to t)3 EJ of penicillin/iuL.. ^iiberinjLincttvjil 
treatment with procaine-penicillin G. atone iw in com* 
biniitum with dexamelhusune, did nut significantly 
affect Lhe outcome of naturally developing IBK. 

Penieiilin G may he mixed wiih unificiul Lea■*% fur 
topical admin istration; however its potency i.% reduced 

to74%in 3 days and to is** liter 7 days (Qibcnet al. 
I9?6)* Therefore, penicillin G in artificial tear solution 
should he replaced after 3 dof room temperature. 
Ample iH in has hmad-spceUimi antlhacterLal activity 
and may he reconstituted a* a 3CM] elution and 

administered topically after adding L75 ml. to 15 cc 
artificial learx (10 mgfmL.l or injeeted suheonjuncti- 
vally directly \ I0T1 mg/ml.) as prophylaxis or definitive 
therapy for streptococcal kntiitR or BBK. Ampicillin 
may he adminisLered parenterally when hroad-spee- 
Uum systemic therapy is desired. Amoxicillin, which is 
comparable in spectrum to ampicillin. is often pre¬ 
scribed when prophylaxis or empirical broad-spectrum 
systemic therapy is desired because of iLs availability 
and convenient oral dosage forms. Amoxicillin or 
nmoxicillin-davutimule combination me excellent first 
dnioa few therapy ofoAittl infrcLiuns. 

Ccirh^fUcilHn. a semisynLbelic penicillin effective 
against gram-negative infections, including Pseudo- 
monax r Pwttu^ and Lschvrtchiu col r. id [herapauiically 
synergistic with gentamicin, tobramycin, and amikacin 
but is do longer canmcfcifllly available. TkwrfUh has 
■il comparable antibacterial spectrum io earbenkillin 
and is available at a reconsiiiutahlc powder in sterile | 
g vtals. Although tbcrapcuiieafcly synergistic. licanziltin 
should not he mixed with aminoglycoside solutions. 
Therefore, when used simultaneously., (hue agents 
should be iidmini Me red separately. 

AtoUriUut unlike penicillin. ampicillin. amoxi¬ 
cillin, and licarcillin, is resistant to destruction by peni¬ 
cillinase and is, therefore, effective against resistant 
staphylococci. However melhLcillin is very unstable 
and must he used immediately after recon-sLiluliun. 

Like incthicillm. ctoxadUf^ is abo sctjvc against 

staphylocLPcei and. other penLei 11 inase-produc ing bacte¬ 
ria. Bcnraihine doxacillin has- been dsajumenlcd to he 
effective against Mtwtixfllts in*vis, the cause of IRK. A 
single topical administration of on intramummary 
preparation of benzathine cloxucillm has been used to 

successfully treat tBK (LJaiguwiull and- George I990)u 
l"he concentration of dffiudllllli in leara should exceed 
2 |ig/ruL for IZhotVB to be cffeeiivc- An apparent affin¬ 
ity of henzulliine cknUKdlin for cornea and conjunctiva 
may comrihuie to its efficacy in treating IBK 

(MgDHHk tt al B IWO), 

Polypeptide Antibiotics.. Adrirmrin and pr.rfynrv.im li 
arc bactericidal polypeptide untibitHicscommonly used 
in ophLhalmiilogy in ranbirattofL with neomycin. 
Inclusion of bacitracin in the inple antibiot ic combina¬ 


tion enhances its spectrum ugaiusl fitftpucuei, while 
iKhnkn Off polymyxin B Olpttdt efficacy against 
gnm-Ufldve OtjgutelSii Like neomycin. bacitracin 
mid piilyifei yiin B lIii mil pHKtntfi iW IhlACt CO HW L 

Bacitracin has a range of activity similar to penicillin, 
bur bacterial pgsigunn and ul target: iwtkw aplnsl it 
ore much less -common than with penicillin. Bacitracin: 
is loo toxic few systemic use and. therefore, m used only 
topically. Bacitracin is waler Milublu and ;t jttJHIO 

lUAnL solttiion may he injected HjbooqtDctlvftDy fttp 

to I qlL) (RcgnicrandTonlaiu 1991 
Polymyxin B i.s effective against most gram-n^alfve 

hdc'ieria, including ninny app. The pres¬ 

ence of polymyxin R makes the triple antibiotic com¬ 
bination preferable to chloramphenicol in therapy of 
uncomplicated corneal ulcers because of it** cxpamlcd 

efficacy against P.vrJrrfr^HrwhJi infection. Although jPw 

few spp. are typically resistant to polymyxin R. the 

neomycin present im ihe triple amibiorie combination 

general I y is effective agalnsi Polymyxin B h±s 

recently been comhined with irimelhoprim, preducing 
a broad-spectrum preparation for topical ophthalmic 

use, Polymyxin B%hould not he injected sabcoqjiinctl- 
vtlly s-imre it may cause sx'vere chemosis and conjunc¬ 
tival necrosis. 

Like polymyxin E3, colishn fpolymyxin E} is a 
polypeptide antibiotic which is highly effective in 
inhibiting g”ram=nogalive organisms, including 
Pt&Mdamanat wn^fiAuiX hut has liECle effect agoinsl 
gnirivpositive argafliffltt or ftttMtt spp. Colistin is 
nunimlating when topically applied In the cornea, or 
conjunctiva und. un-like polymyKlfi B. ffliy ho given 
saheonjuneLivally wirhour iiriliriaiL When idmiiir- 
icred systemieally, hcnii colislin and polymyxin R may 
produce sc^'cre renal and neural toxic ily, 

^ullHiiaiiiidcs, Sulfonamides are relulivcly broad- 

spectrum bacterUHtatfc intinbcrobial igau that 
demwdvte activlly against must gram positive and a 
variety of gram-negative orpanisms, including some 
PstMkNwm spp. SutfpTfkmklt and tulfumazplt are 
available a-s human ophthalmic preparations hue are not 
CLmmorily used in v-ftcrinury ophthalmotagy because 
of more dt'eclive and more readily available topical 
altemaiavcK. In human patients. sulfoceLamide is effec¬ 
tive therapy for ocular surface infccEnms caused by 
Staphylococci 

“[he cxnnbinuLion of irjmvthvpriw-xulfittJKizmv is 
frequently used sysleinically tt un adjuncL to topical 
therapy for ^.x'ulor Infcecions. Trimethoprim-sulfadi¬ 
azine is reported to be ctfeelivc against ocular toxo¬ 
plasmosis. In Lhe presence of uveitis, the uqucuus con¬ 
centration following systemic administratkrt of 
trimelhoprim-sLilfadiji^irw approsiniates ihut in die 

blood stream. Sulfcniamkles llso sIkiw khih ttlivity 
□gainM chlamydia. »d tlKrefirrc. irimeihoprim-^ulfa- 
di^izine may he iUi effective alccmaiivc lo ryMenk 
tetracycline therapy in young cats with ooojuncLivilis 
and respiratory disease. Prolonged systemic therapy 
with sulfonamides may cause dry eye in the dog due io 
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activity against gnim-ptKilbe biicterm. CeiliiziiJiifie 
and aztreomun a m commercially as sierile 

]Hiw<terv focreironjtiWiori iunJ injection in JDO nip., t g, 
and 2 g vials. Tire principal advantage of l be sc new- 

g&jwralloii antibiotics is their decreased vulnerability to 

hydrolysis by ji lactamase and Lheir lack til' nephrotox¬ 
icity, The potential usefulness of these and other newer 
generaiiuii aJiiibioties far treating eye infections of ani¬ 
mals merits in vitrei and clinical investigations. 

fmiprnpm is a p-Lactam antibiotic ihai is highly 
resistant lo all |J-lactamase enzymes and earn penetrate 
most gram-negative bacteria- Jl has been used pri manly 
for serious, resistant infections that would utlkerwisc 

require multiple dnijs, including anime£lyeos.ides. 
Imipenem hus the hroadest anlibacieria] action in com¬ 
parison toother p lactams.even surpassing many thud- 
general ion cephfllosporin?L It is one of the newest and 
most expensive antibiotics currently availuJfoLe. 

Fmkik nrki, ©r fusidin. as a steroidal antibioLic 
chemically related to cephalosporin P It is effective 
against a wide range of para-positive organisms. espe¬ 
cially against staphylococci (both P-larLamase positive 
and negative)! and some gram-negative bacteria. Il is 
marketed as a 1% viscous topical agent m Hurope and 
Great Britain for treat™ .m of bacterial conjunctivitis 
of dogs- The sustajincd-releasc vehicle allows it to he 
used effectively with once- or twice-daily udministra- 
iiLPih, Although it is not presently licensed for use in 
cats, il is reportedly well tolerated in cats and is under¬ 
going investigation as a possible tr&ianent for feline 
cofijunclivilis. 


Antifunf&fea 

Polyene Antibiotics, Nmarnyvin, a tciracnc poly¬ 
ene antibiotic, is the only antifungal agent pmentty 
FDA approved for topical ophthalmic use in humans. It 
is available ramtrietciiilly as a 5% su*p 2 n*im w hich is 
well tolerated by the mammalian eye and may be safety 
applied topically as frequently as every 1-2 hours for 
several days in caves of kcratomycosis, NaLamyciil has 
a broad antifungal spevLram against both llluiiieiilous 
fungi and yeast and is the preferred treatment fwFtutfr- 

ium infections of the cornea (Beech and Sweeney 
1983). Lise of nalumydn in veterinary medicine has 
been limited somewhat by the cos* of the product. How¬ 
ever, this should MM he considered a major deterrent 
given other expenses incurred in lireaLment of serious 
corneal infections of animals, particularly in squids. 

Ampk&ttridk & may Ik; used as a topical solution 
(CM 0-0.23%) in cases of keraiomyeoses when there is 
known or suspected resistance lo other antifungal 
agents. Only sterile water or 5% dnlrac solution 
should be used us diluents since amphotericin B is 
incompatible with saline or other electrolyte soJutkra. 
Amphotericin R extremely irritating when injected* 
and therefore. subconjunctival administration is not 
recitnitncnded. Reconstituted amphotericin 13 solution 
should be Mined in a dark container and refrigerated to 
prevent phmodegradataon. 


Nystatin, a polyene antibiotic with high efficacy 
against yeasts., is widely used in ihe treatment of Local¬ 
ized candidiasis in humans. Nvstatm is available in 

r 

nunocutar forms, including tablets, creams, and oint¬ 
ments. Tablets must be dissolved lo formulate a solu¬ 
tion containing 50,000 U/rnL fur topical application 
(Forster I9!S7)_ Dermatologic or mucous-membrane 
creams or ointments may he applied directly to the eye. 
Although nystalm is relatively mmloxie to ocular sur¬ 
face tissues, its use is somewhat limited become of its 
limited antifungal spectrum 

[MU!i aZOLE AjCFNTS. is an imidazole 

derivative with broad antifungal activity against com¬ 
mon fungal infections. Miconazole is often used as the 

initial treatment for eases, of confirmed or Miapeded 
fungal keratitis in the horse. A 1% m icon azole intra¬ 
venous solution was historically used direedy on the 
eye 4-fi limes daily or even snore frequently in severe 
or rapidly progressive cases of keraiomyeoses. 
Miconazole solution should not be mixed wHh artifi¬ 
cial leans or other ophthalmic preparuflbons. Unfurtu- 
naiely, 1% iiiicoiiazole inlnveno>iit solution is 
presently nut commercially available. Miconazole 2% 
creams, available for human and veterinary use, are 
well tolerated by Ihe equine eye. The author has 
applied the veterinary demutologic cream Co equine 
eyes affected with fungal keratitis up lo 4 limes daily 
for 3 weeks wiihout adverse effects, Miconazole der¬ 
matologic lotions or sprays containing ethyl alcohol 
jJhv mW mx be applied to the eye. Mioonazok and 
amphotericin B are antagonistic and should not be 

used concurrently. 

FlurtmaztAic is li synthetic broad-spectrum imidazole 

agent with demouMratcd fungistatic activity against 

Asptitfjtiliwi flaws and .4. fiinugiaSiL* infections in lubn- 
ralory animals (Troke ct al. 1987). Fluconazole is avail¬ 
able as a OJ% (2 mg/mL) injectable solution, which 
the author has applied topically to the equine eye and 
injected subconjunctival ly (1 ml.) without adverse 
reaction, As w ith most anii lungat drags, il should not 
be mined with other solutions. Chunmazate. used as a 
I % dermatologic cream, has been well tolerated by the 
equine eye. An anthelmintic paste form of tkinbfMhi- 
mI* has been applied to infected equine eyes and was 
reportedly effective in ireaLing fungal kerutith (Joyce 
l.yB3). Ket&ctmmpkr 4ind rctmazvic 4ire bailable lln 2% 
and l^derniatologic creams, respectively; however their 
tolerance hy Ihe equine eye has not Inen eStebltshedL 1/™- 
crma^Xe is DomimLally available in 100 mg c^ipsules 
and has been computinded iit 4iti oJntment wiih dimeihyt 
vii| 1 11 sii k - iitid appluxl topical ly u eFfectrve t real men t for 
equine kmtomycofijs (BA\ ec al. 1947i infetied wiih 

fungi. OraJ itraconazole may be uvefu I in treating canine 
ocular blastomycosis (Brooks' el al 1991F See Table 55.4 
far ii sunuiKiry of eirtralabel formulations nf antifungal 
sol uLions for faeid ophihalmk admintsirdiitwi. 

MisCL;LI.akroljs Astwuhqal Agents. Fivcytc^ 

| jfw (5 fluorocyiosine, 5-FC) is an antifungal 
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antimeiabolite most commonly used in oombination 
with amphotericin li to treat systemic mycoses in 

human*. When dictated by in vitro suHcepiiNlity rest¬ 
ing.. flucytosme may be formulated for topical use in 
the equine eye by dissolving contents of oral capsules 
in sterile water to form a 1% solution. Silver sutftuli- 
azine is a bactericidal ttermato logic cream used to treat, 
human bum patients. It also has antifungal properties, 
and has been reported to be sale and effective for treat¬ 
ment of human keratumycosis (Mohan et id. 198ft), Sil¬ 
ver sulfadiazine has also been used. 10 treat equine ker- 
atomycoses: it is well tolerated and appear* to be 
effective. Lower cost and ready availability are the pri- 
mary reasons ior its uw as an ami fungal agent for treat¬ 
ment of equine eyes. Im finer, organic solutions cur 7^- 
tincture, are used to treat infectious keratitis in horses. 
Although more untiiling Item organic iodine. 7% tinc¬ 
ture penetrates the cornea mure effectively and serves 
ji> li stimulus for fihrovaseulur infiltrate* (Moore et aL 
IWS), However, iodine tincture must he applied with 
discretion, 4 * it is capable of causing mr*terately severe 

cpihulbar hyperemia and chcntosii if il inadvertently 
contacts the conjunctiva. 

Antiviral Agents. Amis iral agents applicable to treat¬ 
ment of animal eye disease may be eaSegurkedi us 
pyrimidine niideovide analogs, cytokines, or amino 
acid (lysine I, 

Pyrimidine nucleoside analogs, include the antiviral 
drugs ld&mridttte t mflttrMkr* vidaruhitte. and my~ 
dmiz These drugs act by substitution r^lions w ithin 

the valid DMA nudeeute to render the virus ineffective. 
In veterinary ophthalmology, these antiv iral agents are 
most commonly used for therapy of herpesvirus in fee- 

(■IMbs, especially feline Iwrpesvirus I (FHV-1) conjunc- 
tivftti and keratitis. An in vitro study of. FHV-1 sensi¬ 
tivity to a number of amivirall agents indicated the 
idilive potency lo be tnllundine > tdoxuridme > 
vidarubine > acyclovir (Nasisse et al. I989). Allhough 
clinical studies to corroborate these in vitro efficacy 
results ere nor available, anecdc«tsl account indicate 
irifluridine is the drug of choice for treating feline her¬ 
pesvirus ocular diseuiC . However, because triHuridine 
is relatively expensive and available only as a topical 
solatium, idewu rid Lite is often used as. the initial therapy. 

Htscoricariy, idox uridine ha* been cofitmerciilly 
available as an ointment or solution. However, it is cur¬ 
rently unavailable commercial ly but may be specially 

gnoTiptwEndcd, Vklwikirie. av'jilHfcteeommeieiuilly as an 
ophthalmic n-intmenL demonstrated some efficacy in 
Na.sisse"s in vitro herpesvirus study. Acyclovir, an 
effective drug for Lrealment ol human patients suffering 
from herpesvirus m lections, appears, to have little in 
vitro efficacy against the FHV-1. UEfac>vfflvfc given 
orally to experimental cats, causes toxicity character¬ 
ized by bone marrow suppression and renal insuffi¬ 
ciency (Nasisse el al. 1997). 

When administering topical antiviral agrn^ for ocu¬ 
lar herpesvirus infections, solutions are applied every 
2-4 hours Che first day of Lherapy iu*d then 4-5 limes 


daily thereafter until clinical improvement is noted. 
Ointment* should be applied a minimum of 4 times 
daily to he effective. 

Interferons (IFNsi are cytokine* produced by lym¬ 
phoid cels and serve m the principal source of 
macrophage aclhatiun. As part of the natural immune 
system, EFNs offer potential for creating viral diseases. 
Preparation* of rwctiitbinaitc human IFN-a (5-25 
U /day) may be a dm mistered orally or topically locals 

with FHV-1 infectious; when given empirically in such 
cases, this treatment ippan to reduce rite severity of 
FHV*I infections. Recombinant IFN-a has. been 
administered orally in combination with topical antivi¬ 
ral agents in the management of feline bqjpttvrrux ocu¬ 
lar disease (Stile* 1995); however, beneficial effects 
could mu be dmnKOMd. 

The amino acid L-ly^ine, given orally ac a of 
250 mg/day, has been suggested as adjunctive treatment 

for persistent nr se vere feline heipcsvirus. ocular infec¬ 
tions (Collins et al. 1995). An in vitro increase in the 
lysiiWarghune raiiaidu^ herpesvirus replication. 

Anti pur j>itici.dL , >. Theliuua.si* is a common ocular 
parasitic condition of large domestic herbivores. Aver- 
inectins liavc been deriimisluted to be effective in dim- 
inatmg organisms- from the eye. In expenmeFilally 

infected otik. a single dose of ivermectin was 100% 
effective in el inti dating Thclttzm skrjabini (Kennedy 

1992)- In a similar study, dorameetin was highly effec¬ 
tive in treating Iwo Thdazia *pp,. T, ikrjobkti and T, 

gttiom (Kennedy and Phillips 1993), F-iich drug wm 
administered subcuLaneouhly at a dosage of 2fMl ug-'kg. 
I vermectin w as also effective against T. fMrii'f (Soil 
cl al. 19921. Lyons el al. found that oral levudsolc was 
effective against T vkrjuhim sad T xuiwa: however, 
(he- injectable formulation wax not effisctiw against T 

skrjahim {bon et al. 198L >. 


AUTONOMIC OCULAR PHARMACOLOGIC 
RESPONSES 

UtiuliniTpR' Responses. Parasympathomimetic, or 
cholinergic, agents work either by mimicking enduge- 
IKU6 acetylcholine or by binding acetylcholine 
esterase, which allows endogenous acetylcholine to 
accumulate and to Mirnuliile chulinoreceptive sites. 

Therefore, cholinergic agents lire divided into direct- 

acting agents and imlirect acting agents-1cholinesKTiise 
inhibitors). 

Whether direct lw indirect acting, die sx-uLiur effeeis 
of chnlinergic sLimulatiion are increased tearing, miosis, 
and reduction of EUradculor pressure (DOF). These 
effects result from Miimuktion of lacrimal glands, iris 
sphincter muscle, and ciliary body muscles, re spec- 
lively. Additional ocular efiects are vasodilation and 
increased capillary pcrmcabilily of iris aird ciliary ves¬ 
sels with resultant increase fcn perroeabilify of die 

blnod-.iqiM^>us barrier. Myopia (rtearsightedntssli nkuy 
be induced or augmented by eholiner^ie drugs. 
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ICrttk iirEiiNi^hi^jih^Lc parasiticide drugs. because sys¬ 
temic ionidly may result. Systemic side effect* of 
cholinesleKibe inhibitors include salivation. vomiting. 

diarrhea, and abdominal tramps Fallowing long term 
use- of indirect-acting [WfltynTpalbofnfcrrieiit oph¬ 
thalmic agents, ill human pilliiilils (l ocular side: effects 
Include caliracL^ iris cysts, disrupted blood-aqueous 
harrier, and retinal separation. 




yrtiKTR'k Drugs 


ADRENERGIC AGONISTS, Epiarphriw, m Or and (5- 

adrenergic agonist, bo4h reduces the production of 
aqueous humor (early effect) and increases the outflow 
facility (prolonged cited). Reduced uquetms praduc- 
Cilhi results from GC,-receptor KtimulaLkm and reduced 
intracellular cAMP {Erickson el al. IW4). Hie Cl- 

recepm effect also can u* s^asoconslfktiou of ciliary 

vessels. The effort no outflow has been associated with 
an increase in aqueous cAMH. probably a p-mediated 
effort. 

Epinephrine is used clinically as a I ft or 2% solu¬ 
tion which may he used concurrently with other 
hypotfiBk agents such as pilocarpine, timolol, and 
carbonic anhvdrase inhibitors. Ocular sidle effects of 

p 

epinephrine include formation of rust-colored deposits 
on the cornea, conjunctiva, and eyelids, and mydriasis. 
Rust discoloration and faciid tear staining is due to 
accumulation of adreniodhronte pigment, an oxidative 
product of epinephrine- Systemic cardiovascular 
cITeeis reported in human patient* after topical admin¬ 
istration of epinephrine include arrhythmias, tachycar¬ 
dia, and hypertension. 

Diph'efrin hydrodftloridfi is an epinephrine prodrug 
produced by the addition of two pivtlic acid groups to 
the parent epinephrine molecule- Hi is vim figuration 
icrtlLs in im iLa^Ld lipnphilicity of the diphreffin mole* 

cule„ allowing it to penetrate line cornea more readily. 
Once absorbed, dipivefrin is converted by tissue 
esterases to epinephrine. which produces the observed 
hypo1en>ive effects. In Beagle dogs, topical 0,5ft dip¬ 
ivefrin has hypotensive and mydriatic effects similar to 
those of 2% epinephrine (Gw in et al, 1978), Topical 
administration of the 0.5ft solution will cause local irri¬ 
tation, mild conjunctivitis, and tearing in some animals. 

Dipivefrin is oamoraqiaiy prepared as a fl. L ft topi¬ 
cal solution- Twice-daily administration of 0.1 ft dip- 
ivefiin in human patients produces hypotensive effects 
equiviileni m ihnse of 4-liroc*-daiily topical 2ft pilo¬ 
carpine. Infrequent ocular side effects in humans 
include slight dtscomlort (burning or slinging.I, mild 

mydriasis, and raw aJkcgte reaction*. 

Apmfhmidine hydrochloride, a donidine derivative, 
is an a agonist approved for use in human patients prior 
tu laser iridsJtomy and Laser trabeculoplasty to prevent 

posiLPperative rises ill IGP (Brown et. al. 1988). Apra- 
eioiniditie reduces I OF hy reducing. aqueous humor for¬ 
mat ion rtjlmugcwiloo rt al. II9R8), Although (he niech 
anivm by which it decreases aqueous humor production 
is. presumably through a ..-receptor agonist aelk ily, the 


precise mechanism is unknown, Va&oeomitrictkm of 

afferent ertefttifes Mipplyi ml; the ciliary body may also 
contribute to its hypotensive effect. Ocular side effects 

of apriw-lonidiciu in human patients are infrequent but 
include conjunctival blanching, upper eyelid elevation, 
mydriasis, and allergic responses. 

Effects of topical udmuihlraLitiii. of 0.5ft apraclcmi - 
dine have been studied in clinically normal dogs and 
cats. In cats, aprudontdine reduced KJR pupil xifcc, and 
resting heart rate while causing ntkdf l Miller and 

Rh«ie»a 19961. By comrasL this drug resulted in mydri¬ 
asis in dogs white also lowering I DP and exhibiting 
less predietahle depressant effects on heart rale (Miller 
ct al. 1996). No inlormation is currently Available on 
I he efficacy or wifely of apriidmiidine in treating spufV- 
Lojkous g laucLMtiiiv uf animal patient*. 

BrimMidine is, an K^adrerirtgic KCtptOf agmtilt 

that reduces intraocular pressure probably both by 
reducing aqueous humor production and hy increasing 
uvcosclcnd outflow. In human patients, the recom¬ 
mended dose as- one drop 3 times daily, whereby the 

ocular hypmeiteive effects are generally equivalent to 
those of timolol. Local ocular imtaiion is the roost 
common side effect and occurs in JL9ft of human 
patients receiving this drug. E-atipue or drowsiness has 
also been reported. 

ADRESBUGPC ANTAGONISTS. Beta-blocking agents 
effectively lower I DP in human and animal gbiKom 
patients, There are a number of [J bksckiitg drugs 
approved for human amighiucimia therapy- including 

finwrfttL freiaxoM, ritrtFfbit>i r srWttpmrmhjL and lev* 
i-rfswwioi. In veterinary medicine timolol is the most 
widely used uphLhalnuc p-blocking agent, blocking kith 
P, and P, receptors. Two amentnittons am available, 
lj.25ft and 0.50ft; solution*. Experinieinally in rabbits, 
cats, and dog*, timolol produces a relatively short tkini- 

tion, Ltusc-depgwlgyit lowering of ihc [DP i Poner 1981; 
Svec und Strosherg 1986). In mulLiple-dnse studies in 
glaucomatous Beagles, tnmolol significantly reduced 

DOR with increasing MftcenfoJticms yielding more pro¬ 
found frtlurtiiai in IGF (Gurnet al. 1991), 

Timolol is used to treat both primary and secondary 

glaucomas. Timolol reduces IOP hy mhihtling uqncous 
humor formalwfi rather than by any effects on aqueous 
humor outflow; The [li-hLxkLng eifert diminishes 
cAMP produetiioii and thereby reduces aqueous humor 
formation. In experiments performed in rahbit>, timolol 
also reduced the hlbod flow to the ciliary body, which 

resulted ill a ifeereaKC in ;i£|ulzihi^. IlgiiKir pn kLijlIkiii 

(Waliiiuihc and Chiou I9K.1). In humans, the acute 
effect of iuttoldl on aqueous humor production dsmin- 

ishis when the dug i* used chrofirically. The mecha¬ 
nism of adaptiithin in the chrfflaieally p-bl-ocked eye is 

unclear. The hypotensive effects of timolol are ad«litive 
with porasympathLurnimrtic and carbonic anhydrttse 
inhibitors. 

Effects of topical ffidmlnlatrjLion of a single dose 
of timolol imitate on IOP and pupil diameter were 

evriuBied in normal cats t Wilkie und Latimer 1 99 1 hi. 
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as a mydriatic in lunses has been quatkkttdtHBckerd 
aU. It has been ubd as an adjunct to atropine 

therapy in eases of anterior uveitis with severe miosis. 
In cats, phenylephrine is ineffective by itself us u 

mydriatic agent 

Phenylephrine h used in the diagnosis of gympa- 
ibaic denffvaikm syndromes, e.g., Horners syodreme. 
w hereby an affected eye exhibits- a denervation hyper- 

sensitivity due to functional destruction of postgan¬ 
glionic syinpudietie neurons. In such chm*v s instillation 
of low mentniioffi of phenylephrine, such as o.|- 

1 ,0%, will siimulale pupillary dilation. In cases of eon- 
jiiinciival hyperemia, topical phenylephrine causes 
blanching of conjunctival vessels and, therefore, may 
he used to differentiate between conjunctivitis and 
uveitis. In cases tsf sympathetic denervaiion, applies 

lion of phenylephrine will result in lymplnniatic 

improvement hy stimulating retraction of the third eye- 
Ijd. Repealed adminisirafion of I O'-v phenylephrine lo 
an eye may cause conjunctival inritaLion and corneal 
epithelial damage. 

Topical ophthalmic used mainly as an 

antiglauconia agent, has limited clinical application as 
a mydriatic in animals Similar to phenylephrine, dilute 
epinephrine (QLlflbO.OIsolution) will result an mydri¬ 
asis in cases of Homer s syndrome. A positive response 
confirms- a postganglionic lesion of the sympathetic 
neuron, CointMiom of epinephrine normally used 
to treat glaucoma (1-2% solution*) produce moderate 
mydriasis in dogs given a single do*c hui have no 
apparent effects in cals. During intraocular surgery, 
inCravamenil solutions of OXHflS epinephrine aid in 
maintaining mydriasis and controlling minor bleeding, 
[ntracamera! epinephrine solurlkin should noi lie used 
with bikthame anesthesia. 

A drewrgic A nl ago nisi (A1 j driasis Re versa! )+ 

DapijmizftSt' is a recently synthesized n-adrenolytic 
agent which produce^ miosis by blocking Lhe ti recep¬ 
tors of the dilator muscle of the iris. Dapipraznle ha.s 
been used to reverse the eHevts of diagnostic mydriat¬ 
ic*, A Uipicul solution vtuiliuning 0.5ft dapiprazole has 
been demons ted to safely and effectively reverse 
mydriasis induced by 1% tmpicamide and 2,5f* 
phenylephrine in human patients (Allin&on el at. |990), 
Although Ujpipnzofte caused short-term conjunctival 
vascular injection in some- patients, no effects, on IOP, 
visual acuity, htaod pressure, nr heart rate were noted 
(AlSinson et -al 1990). 

( tint ra indivatinns and Owtions with I'm- of Topical 

Autonomic Agent*. Ml&iifs are contraindicated when 
cnnstnclion of lhe pupil is undesirable, such as with 
acute iritis nr anlerkir lens lusatiottt. In inflamed eyes, 
cholinergic agents- may esaocrb^ilc signs nf inflamma¬ 
tion, indirect-acting cholinergic drugs should not be 
used concurrently with topical or syilcmically admin¬ 
istered organyphosplhiiles. 

Adfvm’f^ic ergfn/r must be used cautiously in 
patients with cardiac iirrhytiunias. Timolol is am- 


aiiAdkued when bradycardia nr hypmion is pres¬ 
ent or in patients with Frith: kispasm. Tiindol should 
be used cautiously in cases with metabolic disease. 

such as diuheies cnelluus of hypenhyroidism. Epineph¬ 
rine or proplne should new he used in animals with 

tachycardia or hypatensiofL 

Anticholinergic myilriaiic dirufli, e.g., atropine, should 

not be used in instance*, where the IOP is elevated. Topi¬ 
cal atropine will exacerbate aqueous tear deficiency jnd 
is. therefore, coti4raindica«d in cases of KC5. Systemic 

absorption of topically admin isiercd atropine may polen- 
[l;iic preexisting gastrointestinal hypnmoiilily and result 
in gut stasis, particularly in horses. 


NON AUTONOMIC! H Y Vi WE NSIVK AfiENTS 

Carbonic Anhydrause Inhibition* Carbonic anhy- 
drase, present in both pigmented and nonpagmented 
layers of the ciliary epithelium, is an enzynK essential 
io the production of aqueous humor. The reversible 
carbonic anhydrase reaction produces bicarbonate, 
which binds to sodium and results in the secret ion of 
both ions into ihe posterior dumber. Sodium mole- 
tti la& ounotkaliy attract water from the vessels of the 
ciliary siramu, coflirilwiiiig to aqueous humor forma¬ 
tion. Cartxmic anhydrase inhibitor (CAI) diuretics 
suppress bicarbonUe formation by ciliary epithelium 
and, therefore, prevent transport of sodium fmm cil¬ 
iary stroma to aqueous humor. The net effect of CAI 
administration h lowering of the IOP. Systemic ueido- 
sis induced by CAls may also inhibit aqueous humor 
formation and enhance die pressure kiwe ring effect of 
these drugs. 

For additive hypotensive effects in managing pri¬ 
mary or secondary glaucoma, CAls are usually 
administered in combination with other agents, CATs 

may he used both for short-term treatment to control 
acute increases in IOP and for long-term therapy rtf 
chronic glaucoma. Reduced response to CAJ drugs 
may occur with prolonged use. In some cases systemic 
side effects, such as metabolic acidosis, gastrointestinal 
si gnv, piinling. hypikiilemia. and behavioral changes, 
may limit the use of these agent*. Therefore, dosage 
alterations sir changes in combination therapy may be 
needed in the course of glaucoma Treatment r 

Selection of a systemic CAI diuretic is bused on 
tumiliunly with a given product, relative side effects, 

md n victim I piiliL-nl Niteninue, and cusl. AfYttizfrfiimiiir, j 

firvl-gencralion CAI, is available in oral and injectable 
fonOL An intravenous dose of 5-10 mg/kg is recom- 
mended for emag/sney treatment of acute gluueontei. 
Oral dosage forms include I IS mg and 500 mg tablets 
and 500 mg lime-released capsule*. A dose of 10*25 
mgdtg 2-3 Limes daily is the usual dose for ijniiie glau- 
coiJta, In glaucofitiUoois lieugtes the effect of a single 
dcre of sctiizolmnide last* & hours. In cuts Lhe 
hypotensive effect of a single dose \m& about 5 hours. 

Although aectazolamiLk- \s The least otpcitsivi- of the 
CAt drugs, adverse side effect* are common, especially 
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drugs. h does not sipiRfiiaily dclEk> a healing of corneal 

epithelial wounds. /W.wiftjfI o/chAo/ Ls a syntbctir 
hydrophilic resin that is less viscous th-iin meLhyleellu- 
lose hue hiis gLxiJ comeil adhesive properties. Avail¬ 
able as a 1,4% eolulirai. polyvinyl alcohol is the pri- 
nary ingredient in a number of artificial seal products. 

MuriNQMIMETtCS. Linear polymon, such as dfifttran 
and polyvinylpyrodidu^, have mucomirnctic proper- 
lies., Patented polymers are often combined with 
buffered solutions of substituted cellulose eaters Go 

form preparations for treating deficiencies of aqueous 
and nmaein component of the prcwullur tear film. 

Viscoelastic sabstamres that hove niutinoiiiirnetic 
properties include sodium hyaluronic, chundroiiib 
sulfate, and methyledlubinc. Sodium hyaluronaie is a 
naturally occurring,, high-molecular- weight g|y- 
c-fisamiiioglyi'-iin that hm CMeJInl viscoelastic and 
lubricating properties. Sodium hyalurnnate has been 
diluted with artificial tear Co make a ftJM% solution 
that may be applied topically every 4 hours initially and 
then reduced Co 2-4 times daily in treating eyes of 
patients with KCS (Schadiler 1987). Treated eyes- were 
markedly improved, although Sdiinner Lear lea values 
were nctf improved with this treatment. A hyalumn- 
derivailve vi&coctaftie tear supplement i* available 
commercially in Canada us either a 0JS% or a 0.40* 
drop. This product has been particularly useful in nuuv 
aging severe ewes of KCS sn dogs, Oftondroilin sulfate 

is a glytosamiinoglycan polymer made up of dihacchii- 
ride units. Chundroilin sulfate is not as viscous as 
sodium. hyalurtwale. Hydros.} propy Imcthyledlullosc in 
concentrations of 1-2% hm been pnpOHd m a less- 
expensive substitute bn sodium hyaluronaw and chon- 
droiGin sulfate. 

L'iPOHHIUt AGtNTS. Lanolin and perrai&WM are 
commonly Used a*-, buses for ophthalmic lubricant oint¬ 
ments,. These* ingredients mimic the function of natu¬ 
rally occurring meibomian lipids hy preventing evapo¬ 
ration and preserving existing tears. Ncnnwdltated 
ophthalmic ointment* containing Lanolin and/or petro¬ 
latum are used to lubricate and protect eyes in instances 
where corneal exposure is a problem. i.e., during anes¬ 
thesia and surgery or in eases a! eyelid paresis, or eye¬ 
lid swelling.. Lanolin and petrolatum vehicles provide 
prolonged conical and conjunctival contact for other 
agents, such as corticosteroids and antibiotics, 

M fSCEt.LANEOUS AGENTS. A variety of thera¬ 
peutic agents, have recently been developed for oph¬ 
thalmic use. Because these agents do not fit into estab¬ 
lished categories of ophthalmic phwrnurtiJfcical agents, 
they are discussed separately here. 

Adhesives. CyrattrtfJtFTto/e* adhesives have the unique 
properly of rapidly solidifying by anionic putymeriza.- 
liort at room temperature without catalysts, solvents, or 
application of pressure. Corneal uses of iissue adhesive 


include sealing of perforations, covering epithelial ero¬ 
sions, and inhibiting progression of non infectious stro¬ 
mal ulceration. Although cyanoacrylates have been 
shown So possess bactericidal properties, comeal infee- 
tin.ms may be iiiu-s-ked by these adhesives I'Cavanaugh 
and Gollsch 1.Wl>. Adverse effects of cyanoacrylates 
are related to rapid degradation raie and release of irri¬ 
tating breakdown producls, such as tormaldehyde, 
Local tissue toxicity may compromise the host’s 
immune barriers, enhancing development of infections., 

Aldose Reductase Inhibitors.. Aldose reductase 
inhibitors, such as mrinrut have been shown to prevent 
and reverse; caands m gulacEoscmic rats (Tsuju ct al. 
IW0|. However, effective use of aldose reductase 
inhibitors Co prevent or reverse spuntuncuus cataracts m 
dftfliefflk’ anJvmta lira nut been reported. Aldose reduc- 
ta>e inhibition has been demonstrated to prevent retinal 
capillary basement membrane thickening in galac- 
tosemic mis. and therefore, use of inhibitor agents may 
prove to be beneficial in prevention of diabetic 
retinopathy (Du ec al, 1990k 


Anticoagulants, By activating smithnambin* Hrparin 

can minimize intraocular fibrin formation and the a%«b 
ciatcd undesirable sequelae of lyncchiac, i,e„ anterior 
capsular lens opacities and fibrin in the trabecular 
ntesh work of Lhe drainage angle. Heparin is frequently 
diluted to 2-5 U/mL in irrigating solutions used for 
intraocular procedures. Heparin has a half-life of 5 
Hours-., Lind its action can be stopped by prolamine sul¬ 
fate, Aspirin and oLber mmsLenudal anti-inflammatory 
agents often used to treat uveitis in animals suppress 
I he aggregation of platelets and reduce ihe adherence 
of platelets to the vascular wail, interfering with plug 
formation, Therefore, for patients receiving non- 
sfcfrid&l antbinflauimaUiry therapy p re operatively, iL 
may he prudent go discontinue udmini^tniticm several 
days prior to planned intraocular surgery (Moll cl aL 

wmy 


AntknJIugeflAfits and Anfipmlcuscs. Because jV- 

has birth unCieollagena.se and mucinolyiic 
properties, il bus been commonly used in veterinary oph¬ 
thalmology to Lreal uJceradvc keratitis and K<’5-. Exces¬ 
sive cidlugeiiase, produced by epithelial and stromal tis¬ 
sue, inflammatory cells, and ocular surface haeierja. ii 
dcstractive to stromal collagen and can contribute In pro¬ 
gressive u Iteration and perforation. Apply I cysteine 
inhibits coltiigcuasc activity by dictating available free 
calcium cations essential for enzyme activation, Other 
agents ust'd topically for their protease-inhibiting activ¬ 
ity include cysteine, sodium uthy kmudianiiMtetriftcctie 

\mi id (Na-EDTAj. hcpjrin, and serum. 

Denatured mucous harbors microorganisms and sur- 
lice debris and loses n viscoelastic properties, hecom^ 
ing tenacious, and inhibiling normal ocular cleansing 
and lubrication. Since free sullbydryi groups reduce 
the viscosity of mucoproteiM. increasing coiricentra- 
tkuts of acetylcysteine decrease the viscosity of mucus. 
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The first vymwbc material uAnwwl wnuner- 
cisilly wu sLkllum hyaluronate. and therefore. it is fcn- 
oilly the ssandiLnl ®o which other similar products: we 
cflupind Sodium hyahiroute 3s a Ik)c poiy saccfta ■ 
ride molecule Hurt; is. preseat in nearly all vertebrate 

COHKCt ivt! tiSUBL 11 \\ il]hU ml Li llltpOlHJlL !)f lhf 

jar material surrounding streptococcal organisms. 
Sodium hvaLunmaie m cxttUL'lcd from a number of rat- 
ural nnw, including the dermis of rooster combs. 

umbilical eofife, and cultures of streptococcal organ- 

isnu. Sodium hyalujLUtLie has also been pmdueed 

using genetic engineering techniques. 

Sodium hyahiroute if used widely an cataract sms 
Lien.- and biftiocutar lens Lmphinuilittn. Becawe juelv 
diving cuttes depolymerinrion ami a change in vis- 
cosily; preptratoa of a sterile and hiable compound is 
technotogiqdly demanding. Hu account for its rela¬ 
tively high col After httvidctilir use, a muient post* 
operative increase ip lOP frequently OCCUTl 

Highly purified] hydro* ypropyl meihylctUulou 
(HPMQ. commonly referred lo simply as methylceil Ut¬ 
ilise. has lime been used as a 2% solution fOf ocufcu 

■i 

surface hlbritatoi in gHyoscopic miLuehjiis and as a 
hue far eyedrops, A newer use ha* been to lubricate 

ilTtUKdjlttur leiWB for impljnurion following cataract 
removal. Although adhylttlhllou products hive 
Bsccllmt vittdiAaut properties, they have relatively 
poor vmcoeltttkbty + requiring larger cannulas and 
higher pressures tor injection. 

MedieiLl-grade methyleelluloK is muufactund 
I ruin mw wend pulp; piuduetimi processing to form 
ophthalmic HPMC includes multiple filtration steps 
that result in a highly purified synthetic non protein 
nibAdtt which is nonloxlc. The potential advantages 
of HPMC over other viscodnslic materials sue the 
availability of raw material &, relative ease in manulhc- 
Luring, ability to withstand autoclaving, and low cost 
However* production procedures necessary io> purity 

die naterial pi tor to uvtvaoctitar u*e can substantially 
increase the coat. Also, siite® it U not □ nuiurj] animal 
product, the fateof HPMC in the body is unknown, 
Cbondrottm sulfate is a poly.^eehandc. simikir to ; 


sodium hvifiirnsniiLe. ihai is harvested from shark tin 


cartilage. It differs from aodUun hyvluronata by bring 
sul 1'uled. TUs results in ■& eatri negative charge per 
repeating run it that may allow it to coat the positively 
charged tissue or impbmt surface and Ihus dcencase ihe 
electrostatic interaction between the miplu.nL iuui ihc 


eadottrinin, A product u iih one pint 4% chnadroitin I 


sulfate and throe pals 3% sodunn hyatuiraiie is com- 
mcrclally available- The iraitu£kcti)rcr believes Ihkt 
product coTDtws the advantages of each compound, 
i.t i „ the higher viuuity and chamber-nuinlarning 
properties of sodium hyahiroute with tin: coating and 
ccJJ protect ion properties of chondroma sulfate 
The rifacte of intncaoieral injection of viscoelastic 


solutions chi I OP and corneal endnihclium hive been 


evaluated in dogs,. Following anterior chamber 
ton of sodium hyaluroute IS, combined sodiun 
ctmdroiiin sulfate 4% umd sodium byaluronate 3%, 


and HPMC 2%, lOft cvhikbJ endothdiiiil integrity; and 
Cornell thickness wrrt' evaluated (Genii ng eL al. MV; 
□ending et id , 1990). These studies levelled that the 
viscoelastic products evaluated ejuseJ relatively minor 
transient effects on 10? and corneal thickness, suggest¬ 
ing chat there uSwUorai may lx." used safely m aunoe 

patients undergoing! i.ncrii(x"ular surgery. 

Besides their um cataract surgery and iifeLmiK. uLir 
implant pnxxdme&L, ocher ophihalrnlc u.vcs of these vis- 
LLxlascie suhsEanccs include trauma repair, consal 
iriLnsplanljiicMi, gtaucoma filter surgery, and vitreo- 
rorinal iwpery, Vieacuebutic substances are also used in 
the medical therapy of icar-dcllcicnl ^Lales. Human pb- 
ccntel collagen, synthetic polyaciybnnck. and other 
vbcod«lk poly noers are bring invcBtigaled lair general 
medic j] and ophlhalmLc uses. 
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were just beginning io have an impact on infectious 
diseases. Milk was still unpasjeurized and cows were 
i'icm tested for tuberculosis,, Thousands of KMallod 
patent medicines such as Kickapon Sagwa Renovator 
for Stomach, Liver, and Kjdney, Dr. Shreve's Anti- 
Hailstone Remedy', and Hamlin r a Wizard Oil—Cures 
All Pain in Man nr Beast flooded the marketplace. 
‘"Medicine-merT competed with circuses, minstrel 
shows, and "Wild West" shows to eniertain the public 
and sell their products. Medicines containing opium, 
morphine, heroin, and CDdhe were sold without 
fftirirtifit and without even any indication of die pres¬ 
ence tf the drugs in the product. Preparations dial were 
-ulherwise harmless, other perhaps than being alcohol- 
based. were labeled for the cure of even.' disease or 
symptom of man and beast. labels did nttf list ingredi¬ 
ents. and warnings against misuse were virtually non- 
enkstcnL Of course, such pnctkcH were by no means 

universal, and many firm* were producing reliable and 

whKdcsoroc product*, However, there was » hwk of 
material for investigation aitd disclosure by Dr. Willy's 

cbemisb. fn order io generate support far his cause, Dr. 

Wiley toot llieir findings to the public, speaking Fre¬ 
quently at women’s clubs and civic and business oxgan- 
izadnns. Crusading reporters (muckrakcrsl-, organized 
women's clubs, and farsighted businessmen became his 
strong supporters. In I903 P Dr. Wiley captured the 
attention of the public by establishing his now famous 
volunteer "'poison squad'” of young men who agreed to 
eat only foods treated wiih measured amounts of chem¬ 
ical preservatives, in order co evaluate the safety of 
such products. Thanks to the publicity engendered by 
Dr. Wiley's work, public comm began to build, it 

reached a climax with the publication of Upton Sin¬ 
clair's book Jhr- Jurtgh--, a brutally graphic novel which 
focused national attention. on the unsanitary conditions 
in US intratpacliiTig plants. Ai a recall the first federal 
food and drug law, ihe Food and Drugs Act of 190ft, 
was passed by Congress and ri jwd into law by Presi¬ 
dent Theodore Roosevelt on June 30. 1906. 

Basically ihe law tanned from interstate commence 
any traJflc in adulterated or misbranded foi>d or drugs. 
The net defined "drug" to include all medicines and 
preparations recognized in the US PhanmacoptM or 
National Formulary for inlemal ut exlemal use and uny 
sutal-aitee nr mixture of substances intended to be used 

for the cure, mitigation, or prmlkn of disease in 
dtber humans m ntlwr Hrinili 

Drugs, were to be deemed if they wore 

Mild uihleror by a name nugfllnd ill like u-lfmriul vorrl- 
■pcncLia (the US Phumai'opeia und the tfalirNhil R)f- 
mirkiry i hut failed to meet Ihe kUmdards set forth 
therein, except that a recognised drug noL meeLing the 
official standard would not be deemed adulterated if lL 
hwi iti own martini of strength. quality, ami purity ils 
slated on tlie container. A drug wav deemed ‘"mis- 
hraiidcd' If the label tore any bMhimU, design, 
device regarding the contents w-hich was false or mis- 
leading, nr if the drug was Msdy branded as to I he 
stale, territory, or country in which iL was tnmufao 


wired Drugs would also h<: misbranded if they were an 

unRation of. or offered for sale under the name of. 
another article « if the original contents had been 
removed in whole or in pare and/or other contents 
added. Drugs wou Id ibo be misbranded if their labels 
Failed to disclose any quantities of alcohol, narcotics, 
and other specified substances, present in ihe product 

Although ihe 1906 law represented a great step for¬ 
ward, there were obvious weaknesses. In 1911., the 
Supreme Court ruled that the label i mg provisions of the 
act prohibited onfy false statements about Che Identity 
of the drug product buL not false therapeutic claims. 
The Congress responded by passing the Shirley 
Amendment oF 1912, which outlawed False ut\d fraud* 
utenf curative or therapeutic claims. Under die .Shirley 
Amendment, the government was required to prove 
that a false claim was also fraudulent, that is, Lhat the 
promoter intended to deceive the purchaser. A defen¬ 
dant had only to show that he personally believed in his 

parent medicine to escape prevention. This remained a 
iikijor weakness in the law for 26 years. 

The US D.A’s B-uivati of Cbcmkrtry enforced Lhe law 
until 1927. when Lhe bureau was reorganized in order to 

separate law enforcement funtffOfH from ugriculiural 
research and development. The Food, Drug, and Insec¬ 
ticide Admin i strut ton was formed, ll was renamed ihe 
Food and Drug Administration (FI>A| in L*Jjt-h p and in 
194(1 the FDA was transferred From the US DA in the 
Federal Security Agency, in order to eliminate recur¬ 
ring conflicts between consumer intemU and producer 

interest In 1953. the Federal Security Agency became 
the Deputmeos of Healrh 8 Edsotim, and Welfare 

now the Dcputml of Health and Human Services 

fDHHSk 

■i wm 

An inicrcsiing side note, FDA's bndgci (appropria¬ 
tions^, because of its origins in the US DA, comet 
through the I louse and Senate Agricul LuraJ Appropria¬ 
tions committees. Amendments io the Federal F-sn.nl. 

Drug, and C ww t k Act, boww, come aider the 
jufisdiciion of ihe Senate Committee on l^abor and 

Human Resources and the House Committee on 
Energy and Common- 

By Lhe early 193CN it was evident that Lhene were 
senous shortcomings in the 1906 act. False advertising 
in print and cm the radio was blatant, and manulactur- 
erv 1 i;hJ found many ways to circumvent (he law. Tech¬ 
nological advaiwetncm s were revolution i/mg lhe pro¬ 
duct inn and marketing of foods, drags, and related 
products, making the 190ft law obsolete. 

In 1933, Wiher CimpbeD, ihen chief of the FDA. 

seized an opportunity to work with Rex Ford Tug well, a 
member of newly elected president Franklin D. Roo¬ 
sevelt's “brain trust" who had been appointed assistant 
secretary of agriculture, in developing a compleLe revi- 
■kn of the F*xkI itml Dngt Act. When the resulting 
lYigwell bilT w^ introduced in Congress it was a 

legislatin' disaster, Op^htRiiiLMi clh ilils N'ew Dejii legis¬ 
lation by industry and idmtisuig inlercsls was tot-nl. 
This was due in part to Rcxford Tug well’s reputation in 
the business community and to some extent in Con- 
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Hon of therapeutic antimicrobial agents, si® classified 
js over-the-counter* whereas roost drugs approved for 
DDffljpMkin iuiimals art classified as priHcriptioii. 

This (boui on OTC drugs (and the attendant need lo 
be able to provide labeling that can be reasonably fol¬ 
lowed by laypersons) has IclI lo I he approval of OTC 
drugs dial are labeled for very specific and limited indi¬ 
cations and (that have directions for use which provide 
little or no flexibility in how the product can be used. 
As a result there are many animal species for which 


there are no drugs approved, and for others the number 
of approved drugs is very limited! and dues not include 

drugs such a* anesthetics* aiHi-iFiflainmarofy agents, or 

other drugs with low market potential. 

Faced with an insufficient armamentarium of drugs 
approved for all of the various animal specie*-disease 
com hi nut 3 oris encountered in veloutary practice, vet¬ 
erinarians historically have exercised considerable 
judgment in ul Hiring therapeutic agents, often going 
beyond the limits of approved labeling. Prior to IW4, 
veterinarians who engaged in exJTa-liM drug use tech¬ 
nically were in violation of federal law 1 , unlike Ihcir 
physician counterparts, who were not prohibited by the 
act from using or prescribing drugs for use in humans 
as they deemed appropriate. In spile of like fact that the 
act clearly specifies that an animal drug must be used 


ill strict accordance with the indications and directkms 


for use cuniiuned in its labeling, FDA pulley was very 

permissive in this rept). 

During the I jug I97CK and early I9®0* the FDA ree- 
ogurixed the need for a more structured policy regarding 

such use. one ihal would define the conditions under 
which such use would not ordinarily result in regula¬ 
tory action whi le at the same Lime drawi ng attention In 
the responsibilities incurred by the veterinary prascri- 
tioner dec ling to use a drug in an extra-label fashion, 
especially an a food-producing aoiml. The policy took 
the form of a Compliance- Policy Guide (CFG). CPGs 
<ire used Eu provide guidance regarding regulatory ini - 
natives and enfnrccinent priorities lo PDA field and 
headquarters personnel. CPG 7125.06. tilled "Extra- 
Label Use of New Animal Drugs in Food-ProdueiiQ 

Animals. " communicated the FDA's recognition that 
I he extra-label use of a drug in rood-pfflducimg animals 
may be considered by a veterinarian when the health of 
animals is immediately threatened and suffering or 
death would result from failure to treat the affected ani¬ 
mal is i. In instances of this nature, regulatory action 
would not ordinarily he considered provided Lhat sev¬ 
eral criteria were met fsce Chap. 38). 

The FDA ulsu recognized chat an the case of com¬ 
panion animal* (nun-fowl animals) veterinarians had 

become reliant on a number of drug:* approved for use 
m humans but for which no counterparts w cre 
approved for use in animals. Examples of human drugs 
widely used in companion animals, include digitalis 

derivatives, insulin, and miikuM drugs. CPG 

7l25r35, “Human Drugs Distributed Eo Veterinarians 
for Use in Animals*" basically provides Lhat as lung as 

such distribution of a human drug is. initialled (ordered) 


by a licensed veterinarian and is pjoj intended For use in 
rood^pdudjy animals, ihe FDA would m>t ordinarily 
consider regulatory action. How ever, it should be noted 
Lhat the manufacturers are not permitted tu advertise ur 
otherwise promote the use uf himiuii-Iabeled drugs, for 
use in animals-. 

Although CPGs generally discourage life use of 

human drags in food animals, certain exceptions are 
recognized. These include certain puisun antidotes, 
insulin for use in ihe treatmenl of ketosis. and certain 
anesthetics and analgesics for use in surgical cases and 
for relief of pain and suffering. 

Despite the effcmis of the FDA to establish policies 
that recognized the needs of animals while protecting 
the public's health., such policies were based on ihe 
agency"* authority to exercise discretion m deciding 
whether or ndl to enforce: certain provisions uf the act. 
The fact thciB ihe FDA elected not lo Lake era force men I 
actions against veterinarians who administered drug* in 
an extra-label manner in no way conferred Segal Hiatus, 
to such practices. Concerned by the notion (hot veteri¬ 
narians. unlike Ihe members of any other licensed pro¬ 
fession, were forced to repeatedly break the law in 
order lo responsibly cany out Lheir professional duties, 
ihe American Veterinary Medical Association actively 
petitioned Congress to annelid the act. 

In 1994* Congress, in an effort Lo decriminalize the 
everyday practice of veterinary medicine. passed the 
AnJmid Medicinal Drug Use Ckirificalioii Act of 1994. 

This legislation allow* I kerned veterinarian* to ii&e and 
prescribe, under specified conditions, animal and 
human drugs, for extra-label purposes. In general the 
legislation is intended to codify in law- and regulations, 
the conditions and restrictions For extra-label use pro¬ 
vided in CFG 7125.06 and CPG 7125.35 as nullified 

above, it also nccngnizcdeonipoundinL'. of animal drugs, 
from FDA-approved human or animal drug* a* a form 
of emu-lube! drug use. Such compounding is permi ssi¬ 
ble by a veterinarian or a pharmacist. on Ihe order of a 
veterinarian provided that CI) there is no approved new 
animal or new human drug that, when used as labeled 
and in the avuiliibk dosigfi form and concerttnitiun. 
appropriately Heals the condition diagnosed; (21 the 
compounding i* performed by u licensed pharmacist or 
veterinarian within the scope of a prufrsskuiid practice', 
(3) adequate procedures and processes are followed 
that ensure the safety and effectiveness uf the com¬ 
pounded produa; *4) the scale of ihe compounding 

operation is commensurate wilb the established need 
for compounded pro duet* ic.g., similar to ihai of com- 
parable practices); and (5) all relevant stale laws relat¬ 
ing to ihe compounding of drugs lor use in animals are 

followed. Compounding from a human drug for use in 

fund-producing: animals is ism permitted if m approved 
animal drug can be used ft nr compounding. Clhii- 
pounding From bulk drags is not permuted under the 
act; however, Ihe FDA on occasion has exercised regu¬ 
latory discretion in allowing compounding from hulk 
drags where the need was great and ihe risk to animals 
and Ihe publ ic w as small. Additional informal inn on 
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comply Vrilh Lhe Schedule l[] lAjHidUfilU fflie CSA 
and must register with the DllA a 

DRUG COMPKNDIA, ft is critically important to the j 

veterinarian^ phamucuL and. physician and then 1 ’ 
patients and clients that the drugs. they employ are of ’ 
uniform potency* purity, and quality. Without such i 
standardization, rulionuL pharmacotherapy would he 
impossible. Such assurance is a basic objective of the 
law* and retculati-nnc described above and u the pur¬ 
pose of Lhe US PHamat opt'w (USP)-JVafb^ fimiu- , 
fory (NF)- '["he USP-NF is the legally rccLi^niml drug. , 

compendium for the United States. The USP was wig- . 
iei 4 j 31 v a implied and first published m 1120 and ha^ , 
been regularly and contmiHiuvIy revised hy the US ■ 
Phaimacopeial CoDMCflhOfL, w hich is composed of 
elected delegates representing IMMA DflUdfie, pltm- | 


macy. veterinary medicine* dentistry, arid nursing The 
NaliMat fhmmklry was u separate odfidll com¬ 
pendium puh-lislbvd hy lhe Anaicin Pharmaceutical 
Association to scr\e the need of pharmacists for sLan- 
dardiwuion of certain pure drugs that were not used 
widely enough to be included in Lhe USP. During the 
1975-10 USP revkkn pencsd these two official com¬ 
pendia were “unified" Into a single USP-NF Cinii- 
pendium. At Ihal Lime the scope of lhe two components 
seas changed in that the USP corned all drug sub¬ 
stance^ and drug products, while the NF iU devoted 
ochufvely to pharmaceutic ingredients 

In aJdiLion to USP and NF dedflllkiitt a drug may 
he given an InLcmationid NLMipisi(Jnei4Liy Name (INN), 
The USP and NF derive tht-ir official status from the 
FFD&C Act. Siaiidards promulgated by the Committee 
of Revision of iltc USP Convention are enforceable hy 
the FDA. 
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medium withacnt, lecithin, or mcihyktllulosc added 

i(o stabilize ihc dispersion. 

Two types of fforagp form are available for par¬ 
enteral administration: injections and isifepSartEs. InjfcC- 
Hons are sterile solutions or Hnpodoot in <ui aqueous 

(sometime* an oil i vAkk. Most tajectiOVS are heat 
sterilized or, if unslaMc to heat, are sterilized by Filtra¬ 
tion or irradiated. Some drugs are unstable in solution 
and are packaged aseptic-ally in vials. These products 
arc rccohsiiikiiCLl wish sterito water immediately before 
use for injection. A snmcwhaL similar situation is that 
of Sahlcl irituralcH, which are small, loosely packed 
tahlcls So be dissolved in mb imimediaJely before 
injecliun, Injections must be free of particulate foreign 
MjbMances 4H*d pyrofCU and should be nearly iHtDBku 

They may be supplied in ampules, multiple-dose Yiih, 
or large-volume capped bottles or IV hugs to which an 
inlniveni.>us infusion wl may be iitUiclfcd. Syringes- and 
needles for parenteral administration of drugs niusl be 
(lean and Meri-le and the needles must he sharp Our 
may UK eitlwr glas-s or disposable plastic tyiiflgtl 
However, ll fa beat to use ditpo&abk needles since they 

arc convenient. economical. and always sharp. Injec- 
lions should Dot lx: Bloccd in synngos for any length of 
lame prior to use unless instructed to do so by the man¬ 
ufacturer. as some drugs will adsorb to either ihe gjus 
(insulin) or plastic (diazepam) wall* of the syringe and 
inadequate doses will be delivered. Disposable 
syringes and uwdk* flbould be promptly destroyed and- 

dispH>M?d »f nficr UKi iind syringes snd needles should, 
be tepi out of sight 1o keep them out of she hands of 
people who would use them for self-abuse for adminis- 
iruiion uf uddit-'livu: drugK- Spccilic rcgutaliciqm :i>nw 
exist fur proper disposal of biohazard material. 

Repository forms of drugs are designed to prolong 
effective drug aBCtttti tk M in the body hy pcwkttig 

for sustained release from ihe dosage forttl. Sustained* 
release forms of injections are prepared by modifying 
ihe chemical noluxe of the drug Lo decrease its solubil¬ 
ity^ -altering its physical fonn. ur modifying its vehicle. 
Implants are Wfy hard, sterile pellets inserted UilJ£f ihe 
s-kin where they dissolve very (Jowly, Oral sustnined- 
rekase prepdfal ion* have (not been as reliable heeause 
of individual differences in GT absorption and transit 
lime*. Capsules are available in which drug particles 
are coaled with materials having different dissolution 
rates. Other methods are layered tablets and incorpora¬ 
tion of ion exchange resins with the drug in (ablets 
capsules. 

Several extental dosage futms can he applied to Ihe 
skin surface Few various purposes. Liniments or braces 
■are liquid or semisnlkl preparations to be -applied lo the 
skin with inunction (rubbingj. "these generally contain 
countcnrritiints to relieve muscle or tendon pain. 
Lotions are solutions or suspensions of soothing sub 1 
stances to be applied ti> the skin without friction 
(calamine lotiDA). Ointments are semisolid greasy 
preparations in which the drug is dissolved Of dispersed 
in a suitable hue, rite nature of which may vary from 
an oleaginous substance such as petrolatum to a com¬ 


pletely walcr-xoluhic base such as polyethylene glycol. 

Cretins incorporate a drug jib a wiAfif-Crfl uauUm; 
water will evaporate following application, leaving the 

drug and a thin film of oil on ihe skin. Dusting powders 

are mixtures of drugs in powder form for application to 

extenruil surfaces, These may be applied for their 

adsorbent (cornstarch) or lubricant (talcum) properties. 
Aerosols are drugs incorporated in a suitable solvent 
and packaged under pressure with a propellant such as 
flunrinatpd hydrocarbon or nitrogen, Topical insecti¬ 
cides and wound dressings arc frequently prepared as 
aerosols. 


NOMENCLATURE. Names of drugs are often a 

BOOTH of eonfusion to ihe novice, piuily hsiauu hhine 

drugs tuw at least three different names: a dwmk^l 
name, a nonpmprictary name, Mtd one nr more propri¬ 
etary itiuiKs. Tile clteinkra] name provides scientific 
and technical personnel with it precise and uniimbigu- 
ones dHoipti^n of ihe suhtiDK in accordance with 
rule* of chemical ftomeoclaturc established by the 
International lliiion of Pure arid Applied Chemistry 
(ccmnaoLy abbreviated- IUPAG). Generally, such 
names arc bw mnpkx aod cumbermn to nwee the 
everyday needs of tlw pharmacist, pmeriber, and reg¬ 
ulatory kniies.. Accordingly, offidil nonprtiprietary 
names fiDmrectly termed generic duds) are desig¬ 
nated to idemify paitkmkr drug emiiies Drug names 

appearing throughout this text and other discussions in 
pharmacology are principally nonpmprictary mimes. A 
given drug entity may have a number of proprietary 
names that are brand names assigned and possibly 
tradtUHrkpd hy dllEfiftM e.g B1 , POLY- 

OTIC* OtaMfl, TET-SOL* Iff. SOUUTET* Soluble 
Powfer, TRTRARAC* 324, ACHROMYCIN* V Cap¬ 
sules. TOFICYCUNE* for Topical Solution, HF.U- 
DAC® Therapy, and PANMYCIN* 50ft Boluses are all 
proprietary names used to describe forms of tciracy- 
dii*, An euunpto of the complete nomenclature fora 

Kipigle emiiy is as Follows: the nonpropnictary; or 
generic, name for a certain sedative drug is diazepam, 
■one proprietary name For a diazepam product is Val¬ 
ium 4 Tablets, and Ihc chemical name is 7-chJoro-l ,3- 
dihydro-1 -methy 1-5 -pheny l-2tf -1,4-ben/wdia/epi n-1- 
one. Technically, the proprietary term is an adjective 
(hat modifies a dosage fonn of the drug (e g. 8 NAX- 
CEL* Sterile Powder, or NAXGFJ • brand of Ccfliofur 
Sodium Sterile Powder). 

Some order has been brought lo Ihe matter of drug 
nomenclalure by ihe L‘5 Pharrnucopeial Convention. A 
compilation of" the thiiiod States Adopted Names 

(LiSAN) is publish'd unuilly fls. the USAN and tfw 
b'SP Dictionary trf rtrvx Rich entry of ihc 

CompfUlion includes the US Adopted Name, the year 
of publication as a US AN, a pronunciation guide,, ihc 
molecular formula, Ihc chemical name, she registry 
number, the pharmacotogic and ihcrapeutiL' activity 
claim, the proprietary names and manufacturers, and 
Ihe structurul formrulu. An ifddiliumil pnbkfD feu - ll’ue 
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student is that there may he different nonpropneLary 
names fur the same drug in different countries: e.g.* an 
analgesic drug rii named meperidine in the United 
States, pethidine in the United Kingdom tUKjL and 
dolailtin in Germany, Similarly, barbiturates Slave the 
suffix <il in the United Stales and -one an llie UK: e.|„ 
pentobarbital is the same compound as pentobarbitone. 
Sulfamelhatine in the United Suites is sulfadimidine in 
the UK. These differences me soon learned when prac¬ 
ticing in A different country, 

PRESCRIPTION WRITING. A prescription m an 
order lo a phiumacisl wnllen by a licensed veterinar¬ 
ian, physician, or dentist m prepare the prescribed 
medicine, affix the directions, and sell the preparation 
clp the rikflt or patient The piwriptioft is a legally 
reeogiiijed document, and ihc writer is held responsi¬ 
ble for LLs accuracy. Dispensing, on the tether hand, ie 
she preparation and distribution of medicines- to Lhoxc 
who are Lo use them. As a licensed practitioner, ihe 
velerinarijin is entitled by law to dispense, administer. 


or present*; medications for animal patienls. Vcten- ! 
uanuns have tended toward dispenxing products ruLher j 



eral good reasons lor the velerinarian to become adept 
at prescription writing and employ the services of a 
registered pharmacist: 


1. The veteriMriu cun charge just absent Lhe same 
fee as w hen drugs are dispensed;, payment fur services 
and ItiiLrtvIedge ntber than just payment for the remedy 

ihooU receive higher priority. 

2. Writing a prescription eUmkuies ilw coil of ilh p 

dispensed item so ihai subtraction from rhe fee is obvi¬ 
ated. 

3. Prescribing provides (he pnedriog vetsriiiAfUfi 
with a supply of pharmaceuticals that might not always 
be available on the shelves of lhe clime. 

4. Prescription writing reduces the investment tied 
up in drug inventory when one dispense?* drugs. 

5. If v client don not piiy lhe bill, cost of lhe medi¬ 
cines dispensed are not tost. 

6. PmcribsDf can bring about imf^rwed uiopera- 
lion between the pharmaceutical and veterinary med¬ 
ical professions. 

7. The client is frequently more inclined lo puy for 
I wo smaller fees than one large fee. 

8. Prescription writing provides a means for learn¬ 
ing, including an appreciation of drugs and their 
acLion.Y, indication^ and dosages; individuals adepi m 
prescription writing usually have more detailed infor¬ 
mation ul their command Sham ihose who are not. 

The veterinarian should weigh the relative advan¬ 
tage* between dispersing and prescribing and do 
what is best for the particular cireumMunces. In any 
case, every veterinarian should he able to write a 
prescription. 

Form nf the Pr^fiplinn, The essenliu] ports of a 
classic prescription consist of the following: 


1. "J he date of writing the prescription 

2. Jhe identity and address of owner and patient 

3. Tltpc. 1 SMpmcrlpttoiu Rx. is an abbKviutkn of the 

Latin word recipe meaning 'lake titoU of. S! A pflttol of 
this superscription is (lie symbol of (he Roman gi*l 
Jupiler and is a relic uf the Limes when all prescript:ions 
were begun ttkh a prayer lo Jupiler asking hu£ help in 
making Lhem effective in Lhe cure of disease. 

4. The inscripiim lisls lhe names and amounts of 
drugs to be incorporated in the prescription. Names ol 
Lhe drugs should be wrillen in English and the tutal 
amounts required should be written in lhe metric sys¬ 
tem. which is preferred and official in the USP-NR (Dii 
Lhe past, the ap<rthccarics' system of measunemenl and 
Latin terminology were preferred for pmeripti od writ* 
ing J llie modem tendency in therapeutics is to employ 
as few dru^ as possible and strive for sped He therapy. 
The complicated and usclexs mixtures \ "'shotgun" pre- 
fimptHnu) of earlier decades have bra discarded in 
lavur of single drugs or simple combi nuLions of drugs. 
Most of the drugs needed by the practitioner me listed 
Ln chc USF-NH 

5. The sutncriptifNi gives the instructions to the 
pharmacist. These instructions may be entirely in 
Lnglish or with Latin abbreviations. 

6. The tigxa (Sig. or S.) consists of instructions for 
udminixLratmn of the medicine, which lhe pharmacist 
writes nr types on the label. 

1 . TTk signature of the practitioner must appear on 
1 the prescription to make it a legal document. 

Abbrniuttaiti. Names of drugs lo be included in the 

■ pmcrfjMioo sbodd not he abbreviated but slum Id be 
r written out in full to avoid possible errors. Chenrical 
fonnulu must wot be used in prescription wiidnf 
; because of the greatly increased probability of error. 
Abbreviations of Latin wonts an coDunoaly used in 

writing 3 prescription because they xavc rime and are 
readily understood by the phajiriacist. Commonly used 
abbreviations that should be memorized are provided in 
Table 57, L 

Dotage regimens have been expressed in u number 
nf ways ihi.nl have caused conluMon and misuiider- 
standing - ; e.g. B dosage may be recommended a_s 22 
Elg/kg I.m.L 22 titg/kg to he divided fut C.i.d. adnnniv 
tVHRm, 66 iilg/kg to be divided for L.i.d. adminisUnLion, 
nr 22 ng/kg qtfh As you can see. serious, misunder¬ 
standings can arise if a drug is employed woth a low 

margin of Safety; eg* if you JKVG Ms irji/kj.; Lhrec limes 

between 0800 and 2200. h lias been recommended 
{Arovuoi 1980) that dosage regimen be opreued as 
mg/kg and the lime interval he expressed in fenm* e.g.. 
q4h. qfth. q 1 2h. Thus abbreviation* of s.i.d., hi.d., |,i.d. 
and q.i.d. would be abandoned. This makes good sense, 
because three doses of a drug could be given within an 
hour and technically the animal would have received 
I t.i.d. medication. 

Metrology. Metro logy is the study of weighs mul 
nWflUW. Tht: um? of different or mixed systems of 
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fndnlD|y should be Avoided, -utd the metric system is 

p r e fe rred worldwide. Appendix Table AJ7.I lisfecom- 
fiHfdDf wed weights m& meuweL 
In die United Slats the wdghttarfumc method 

(W/V) off nmuriflf loliels ;ind liquids is employed: 
ive^ die mua of sol ids me weighed jiwI the volumes 
of liquids ikrc measured. The weighty weight method 
(W/W> h employed in cwtinald Europe; i t-., both 

liquids and solida are weighed m prvscnpLmn ®naira- 

pounding. The completely gHvinietric method is more 
mccuniLe because iiconpasates far difleraccs in *pe- 
dfic gravity of liquids. However, fur most purposes the 
weight by volume method employed Ira Uhls countr> 
proves HlifihctCKy, 

Tfa® metric system uw Arabic numerals to indicate 
the quiimioes of drug nqurid The Arabic numeral is 
followed by the unii off measurement. A single vertical 
Line may he subsLi Luted for aligned dkxiiiw.1 prints on i 

iwepuiw lines. The ligii-res m the left of the lint m i 

whole numbers. while those to’ She? ri^ht are decimal 
fraelions. In Lhe metric system the quiirailfes tMfteiMli- 
cully indicjte giams (g) fcr sol ids and millililei^ (fitL) j 

for fiqulds without specific derigmiwrv : 


The veterinarian mu a he laiiiEftar wkh husic Apothe¬ 
cary tmdJd to the United States for coover&k a to the 
metric system because a number of older dosage forms 
are vtiij pnn itkd to the apothecaries' system of weights 
and neuuie* fay pluirniautiiiicsil com paries- Coflvfr- 
si™ ftictoii can be found to AppendlK TaMe AST,2. 


M'rillm^ I lie l J rim"riptton. Several eklfflplH off |irc- 
uription wrMn| are fivcm in thta section. The pre- 
Mtiption is. often vety simple und requires liule wfiting 
und cakdaikn. In the one thown in J : ig. 57J, dosage 
is nin Lmp-cin-iiiii because die totion would Is* upplied by 
die owner in quantity sufBcveu in cover the Is ions on 
the skin. The unmioi of 4S0 mL of lotion was cli0§cri3 
tot diq-iensiii£ iircuusc diii volume exaedy fills a 16-oz 
prescripiion bottle The veterinarian should know that 
piescripiion IhjiiIcs arc uvoltahle lit thi.- following wl- 
in fluid minces: I. 2, 3, 4. 6, ft, 12. 16, ainl 32 r 
Bottles are alwavailaMa ealihr:raed in Lhe metric sys- 

iem(ie., in L'k The veterinarian should rfre^erite iqipro- 
pnaLe vdlrames hcciiti^e the client fa often tenor satis-- 
[Bed when paying for a foil bodle. 

Some drugs an not wlubk m die common solvents 
und must te admi n ist^red a& sfdidi. Powders may be 
adhuindifteRd as. suds when sprinkled on the mimaTu 
solid feed Many powden are diatatieful and must be 
masked by some flavoring agent or administered in a 
more puliiiuble form. A common way off administering 
powders is by pyL k iug into a lurd gelatin capsule. The 
capsule i§ tMtetess^ readily swallowed, and disinte¬ 
grates rapidly in the stomach. 11 ;ltlL gelatin capsules 
arc available in two series, of sizes. The smallest irs 
known &* No, So in order off increaiini sise. captuiles 
are numbered m 3,4 P 3.. l p {)., TO, OPO. Another n um- 

bering vdiemc i% u\d [for lhe next series of hard gd- 

jtin cip&ubt, which increase in ii^e frma the last 
meatitmed in order of increAstoig aiie they are 1 J, 12, 
j 1, mad 10. In addition^ there arc infrequently u^d 
■&mm % i, and 7. The weight of drug contained in a 
capsule varies loo widely with she ingredient is be of 
significance, but lhe No. 10 gelatin capsule m wm* 
monly referred to m the t-oz $i®e, the No, 11 m the 
lhe No, 12 m die IM-oz, and to® No- 13 as the 



fOZ C J i pSU tc , 

Assume that yeu have examined a toy p«>d lc 
weighing 13 Ih jnd Ei^e derided Lhiil the piilieiiL will 
henellL from a drug th-jt will dilate lhe bmnvhiules. 

You elect to write u premipbon for amlmphylliK 
Lihlets, You find th<ii the dosage file fa 10 mgftgto te 
given every 8 hours. R irt twr a wre, you ©onault a ref¬ 
erence to learn that umnophyllinc is iraailnMe to 100- 
md 2lKI- mg Hond tableti, Y+iu went to prescribe 
enough tncdictlioH for 2 w eeks, alter w bieh, you want 
to reexamine Lhe paiictH. Your cakulafioiu would te 
as ftdfows: lhe dug weighs 11 lb Of 11 +■ 2,2 ■ 5 kg; 

the daie h 10 mg/kg m 5 kg = 50 mg; this is to te 
given every 1 hows for 114 days. The ncarcsTsfeci 
table! is 100 mg t so each dove would be one-half 
tablet. The number of 100 ng iiaHetf neeiLcd is 21. 
You would writer 
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front kw sduMliiy of 1 dryp in j given ul^nri. i minis' 
cibilily of liquids mixed lugcdm; and preclpitminn. 

Oiur can readily avoid these problems by thoroughly 
wnctefsending the actions, of drags, used in therapy, 

using she services of a pharmacist, refraining frewn mix¬ 
ing different medic jmcnK in I he seme syringe prior to 
administration, and bei ng parsimonious in use of drugs. 
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APPENDIX TAM I,US 


1A IS I ,E A 57.2— f Tun-erstLiin eq ui ii atiuHll arid 
factors for uMuirunK j^pn^imnK 1 cquivalmti 

t ’rjmrrMiin l-!c| ihi >. ikln-nt--. 



Kiiil 

%|K|i.ri»siriia II' 

1 milligram 

1/65 grain 

(IffiO) 

1 pun 

15.432 grains 

cii> 

1 kilogram 

2.2 pun 

ravurdllpctis} 


1 milliliter 

3 6.23 minims 

05) 

1 lilLT 

] JD& quurls sht 3.1 M 
fluid ounces 


1 grain 

65.CJ milligrams 

1«h 

1 dram 

3-HS grams 

H4 i 

■ ■ 

1 n inure* 

31.1 giants 

(30) 

1 iiwirduptHK pnmid 

434 grams 


1 minim 

0.062 milliliter 

40.06S 

1 fluid dram 

3.7 milliliters 

(4| 

1 fluid OUlhZ* 

29.57 milliliters 

(30| 

1 pinl 

473 millilifem 

454Kb 

1 l|u;iiL 

946 miJIilLlcr* 

4tlfW0i 

1 drop 


1 minim 

1 RtBpOHlfal 


5 milhliieis 

1 ik-ssenspnuaful 


H milliliter* 

1 iiMHpmdul 


13 milliliter* 

To euroert 

To 

MuMiply by 

gr/lh 

uig/lh 

64,( 

grflb 

™5?g 

143.0 

niigj'lh 

gr/lb 

0.015 

mgilb 

nmfkg 

12 
wmma ■ mm* 

nngiTig 

gr/lb 

00(f7 

nng/kg 

mg/lb 

0.434 


Melt; Where ftoflMt, use suitable units rather ihxui drerU 
mil tr-at'tiwisi. eg.. 10 mg not 0010 g. When a decimal fr.n ■ 
linn is ys ml ihe dec i mi I point muM he preceded :i rcro,. 

c.g.. 0.5 ncu .5. 


TABTE A57,1—Weight* Mini nifiiMinrs usL*d in iprtrvcrihiii^ 


Weight 

TTk Mdrk Sjnivil 

1 pJenf ran fp*} 

1000 pi cog rams 

1000 nanograms 

1000 rnknjfiuu 

1 tlUll mil lignum. 

1000 gram* 

= IO" u grain 

■ 1 rMfiogram frig) or 10* gram 

■ 1 micro gram C|dg) or 10 " pram 
^ 1 milligram fmghnr 10 1 gram 

= 1 pant (gl 

= 1 kilogram ikg.S 

Volume 

loOO niilliliira nni.i 

= 1 Hccr iLi 

Weight 

The Ap«4hKBrk$" Sptn 

lit grains (p) 

3 scruples 
£ dram*. 

= 1 scruple l 

= 1 Jr am (g 1 os 60 grains 
■ 1 ounce (Z \ or 4S0 grains 

Volume 

40 Ifurtirifcs1 ifiiin. K 
ft fluid drams 

1 b l lu id «um 

= 1 fluid dram (f.gi 

« 1 fluid f>une^ i f 11 

= 1 pint SO.) 
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CHEMICAL RESIDUES IN TISSUES OF FOOD ANIMALS 



JIM E, RIVIERE AND STEPHEN F, SUNDLOF 


The Concern over ReMdun in Food 
Regulation oT Drug lesliii»e§ in Aniauls 

The Veterinarian and Evtn^ Label Drug Use 
PhinvuKokiMtte and Residues 
Drugs Prohibited from Extro-LaM Use 
Residue Prevention 


Most of this textbook has focused cm describing the 
pharmacodynamics and pharmacokinetics of drugs in 
animals. In both human medical iini.1 companion-ani- 
mat veterinary practices. the primary concern in drug 
selection and use is the thenpecitic end print, whether 
or nod the drug is efficacious against die disease being 
1 reined* aiv usually ttJmin^rered at label mom* 

nwncbulions. and if greater sham label done arc admin¬ 
istered, only potential toxicity is of oomnL While this 
Line of reasoning is also true to a large degree in food- 
animal production, veterinarians and pmducers 

involved in the utamienE of disease in food animals 
bear die additional concern of the persistence of drug 
residues in die edible tissues after the disease process 
has been treated. Adulteration of the food supply with 
ajitimienohial agents* pesticides, environmental con¬ 
taminants, and other chemicals has. been a growing 
source of concern in ihc j encraJ public and special- 
interest groups in recent yearns. 

The importance of chemical residues in the edible 
tissues of food-producing animals hus been thoroughly 
reviewed elsewhere (bundlof 1969s Riviere 1991, 
1992a; Van Dresser and Wilcke 1989; Mercer 1990: 
Kindred and I tubbed 1993; BcviU 19891. The purpose 
of this chapter is to acquaint the veterinarian with die 
legal and regulatory issues concerning the -control of 
drug and other chemical residues in the United Slates, 
and io review some of the pharmacolsinctk parameters, 
used to determine withdrawal times for drugs and other 
■chemicals in food animals. The primary parameter used 
by veterinarians to prevent violative tissue residues is 
the length of the withdrawal time, or the time required 
for a drug to he depleted from the animal before die 
animat's- meat can be marketed tor human consume 
(ion. In dairy practice, this is die milk discard time. 
Recently, government regulation and control have 
necessitated more stringent adherence: lu withdrawal 
limes, and on-bite monitoring for many drug* hfl* been 


instituted. This may have un economic impact on pro¬ 
duction costs. Unlike in previous editions of this text, 
withdrawal rimes will not be tabulated, because they 
arc subject flo constant regulatory revision. Extensive 
tables of tissue depletion pharmacokinetic data are 
published elsewhere t Riviere el aL 1991; CniigmilJ cl 
aL 199-ty 

THE CONCERN OVER RESIDUES IN FOOD. A 
great deal of concern has been demonstrated over the 
last 40 years about the presence of chemical adulterant* 
or residue*, mainly antimicrobials and pcslicklcs, in the 
meat. poultry, and milk supplies of the United Slates 

By definition, a chemical residue is either the parent 
compound ora metabolite of the parent compound LhaL 
may accumulate, deposit, or otherwise be stored within 
the cells, lissues, organs, or edible products (c.g.. milk, 
eggs) of an animal to I lowing its. use to prevent, control, 
or treat animal disease or to enhance production. 
Residues can also result from unintentional administra¬ 
tion of drugs or food additive*. Finally, accidental 
exposure to chemicals in the environment can also 
result in tissue residues. 

Concerns over food residues are economic as well us 
public health related. For example, the contamination 
of milk with antibiotics, most commonly penicillin, can 
affect starter cultures, used io make fermented milk 
products such as cheeses, buttermilk, sour cream, ere.. 

which can result in pccinualiie losses Il> ihi/Kic pttWCS- 

sors, Front n puMic-hc?]|h viewpoint, hodi the US gov¬ 
ernment and producer associations have taken active 
roles in minimizing antibiotic residues in meats and 
milk. Penicillin, lor example, is known to induce aller¬ 
gic reaction^ in HOC sensitive people, and therefore, 
penicillin-minted milk pmt a health ri*k for ihese 
individuals Similarly. chloramphenicol has been 
reported to induce blood dyKfisiu that may lead to 
death: hence, its- use in biod-producing animals has 
been prohibited by the Food and Drug Administration 
(FDA). The FDA has also prohibited the use of nitm- 
furans in food-producing animals because recent data 
have shown (hem to be carcinogenic. Not only iheru- 
peuiic drugs but pesticides creole residue problems.. 
Most pesticides are administered topically; allowing 
some amount of percutaneous absorption and HqUH- 
trail on in edible tissues (see Chop, ?’t of (his text). Lin¬ 
dane has been delected in the fat deposits of sheep 
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dipped in aO.0125% lindane emulsion 12 weeks after 
lopteal exposure (Collett and Harrison 1963). Other 
studies have shown lindane residua in sheep, goal* 
tJackson el aJ- 1959), .and laetef ing cows jOehter ei al, 
1:969), In addition to lindane, many common pesticides. 

(organoeh lorines. oiganiiyphosphales, botanical** 
pyrcihiin.*, eic.j and herbicides used in agriculture 
today that are applied topically have been shown to 
produce residues in food-producing animals. Environ¬ 
mental contaminants (c.g_, heavy metals, PCB„ myco- 
toxins) are also of major concern today. Tissue residue 

vMato detected by governmental monitoring pro¬ 
gram have been wnunari zed by Sundlaf (1989). More 
itiftni nation m MnoModes in feed-producing animals 
is available in Riviere 1992a, Burk public-heal ih and 
economic concerns have been the major driving forces 


in Ihe United Stales iuid in other countries behind the 
search for ways to minimize Ihe threat of residue con- 
'Jammillion of the public fix'd supply. 

Contamination of the food supply with chemical 
residues is rarely an intentional act and usually results 


either fmm fai litre to observe ihe correct meat with¬ 
drawal or mill; discard came for a drug after it has been 
used Ei) treat a disease in fond animals or from acci¬ 


dental cnn twiru mu cm ol feed by chemicals or drugs. A 
study by Van Dresser and Wilcke (1949) provides some 
interesting insight on drug residue problems in food- 
producing animals. In dial study, streptomycin, peni¬ 
cillin, sulfumeLhaitine, and oxytetracycline were the 
lour most commun antibiotic* found in tissues, with 
sulftunelhiii'ine being the most commonly found sul¬ 
fonamide in animal tissues. Long-acting formulations 
of these drugs Ike,,. penicillin and oxytetracytline) had 
ihe highest association with viol alive residue* in the 
animals involved in the study, Injectable drug* were 
mnee likely to be associated wilh residue problems than 
were feed additives and Mm. Most of these residues 


cred safe for human consumption (Riviere 1991K The 
marker residue may be the parent compound Off a 
metabolite and reflects a known relationship to the iota] 
residue* of the drug or chemical i.parent and all 
metabolites). The target 1 issue is an edible tissue, fre¬ 
quently liver or kidney, which, when ihe compound has 
depleted below the tolerance, assures that all edible tis¬ 
sues are safe- for human consumption. Tolerances for 
ditterenl tissues are considered legal end points for 
which drug withdrawal times are established, Toler* 
antes are established based on extensive torieoltogjic 
studies of the potential hazard of consumption to 

humans. Oral toxicity studies, are conducted in animals 
tending to the determination of an acceptable daily 
intake (ADI) for ihe compound in the human did, 
These studies consider Lite compound’s carcinogenic 
potential and it* systemic, reproductive, and develop¬ 
mental toxicity and tocutporau various safety factors. 
A safe concentration fur human consumption is calcu¬ 
lated using an equation that accounts for the amount of 
u specific food consumed by a person representing a 
high-consuming population (c,g„ 19-year-old mates) 
so char a safe concern ratinfi of Ihe drug in this fcmid 
(e.g., meat, milk, eggs) can be established. Various 
safety factor* and statistical considcratLons are built 
into these determinations, and a tolerance for Ibis drug 
in the specific tissue is established where appropriate 
and is published. For example, safety factors reflect Ihe 
duram™ of exposure and the nature of the toxic effects 
associated with the chenmal. A teratogen requires a 
larger safety factor iJiau a non teratogen, and ADI* 
based on a short-term subchronic study use a huger 
safety factor than ADIs based on chronic studies. Hie 
tolerance is Ibr a specific drug or chemical entity urn.! 

reflect both ihe inherent toxicity of vine chemical and 
assumption* about the human consumption of the sis- 
sue to which the tolerance is established. Tolerance* 


were Inland in veal calves, cows, and market barrows 
and gilts. The most frequently cited reason for violative 
residues was failure to observe the correct withdrawal 
Lime for the drug. Failure to observe the correct with¬ 
drawal time was cited as the most common reason to 
violative drug residue level* in a study performed by 
the FDA in the 1970s (Bevdl 1.984} and continued to be 
the IVH8I common cause of residue violation* in the 
1990s, Interestingly, in this study the producer was 
found m be the resjKMtiiiMe party in 80% of the cases 
investigated for violative levels of drug found in edible 
tissues (when the responsible parry could be identi¬ 
fied!; unapproved drug use (extra-label drug.*) is not 
considered a major cause of drug residues in animals. 
Ways to present drug residue* will be discussed later in 

this chapter. 

The FDA and Environmental Protection Agency 

lEPA) establish tolerances for a drug, pesticide, or 
other chemical in the relevant tissue* of line food-pro- 
ducing animals., The tolerance i* the tissue concentra¬ 
tion below which a marker residue to the drug Off 
chemical mu.*t fall in the target tissue before that ani- 
auTs edible tissues (meat, milk, or eggs) are consid- 


are determined for the active ingredient (the dreg sub¬ 
stance or ii* metabolite) and are root established for the 
specific fortiMiliUion of the commercial drug product- A 
full discussion of chi* process has recently been 
reviewed (Baynes ec al. 1999) and can be found in tox¬ 
icology or risk assessment texts. It is important for the 
veterinarian to realize that the end point for determin¬ 
ing withdrawal times,, the tolerance, is a combined sci¬ 
entific and legal concept and therefore is uUiinatdy 
viunrolled by utd not medical practices. 

The actual withdrawal time appealing on a drug label 
is also a function of the experimental design that the 
manufacturer used in ihe reward) studi« submitted to 
ihe FDA to approval. Thu*, alihuugh tlh: st iciwe gov¬ 
erning the withdrawal lime is ba.*cd on Ihe pharmaeoki- 
telic principles discussed below; the w iihdraw ai time i* 
actually determined based on experimental data. CkfKf- 
ally, a drug is administeredi io healthy animals, group* 
of the animals are slaughtered at sequential lime inter¬ 
vals. and their edible tissues are analyzed for drug con¬ 
cent rj I inn.*. The withdrawal time is the time from ces¬ 
sation treaimenE to Ihe time it lakes to the residues 
of the drag to deplete below the safe concentration. 
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A statistical method is used to determine the lime at 
which the murker residue depletes to the tolerance bra 
the target tissue. The method determines the time, 
rounded to the next whole day, at which Stic upper 
hound nf ihe marker residue tissue concentrsuion is 
below the established tolerance In the target tissue 
(where the upper hound is Matistivallly determined lo 
represent willi 95% confidence the 99th percent ilc of 
[lie population), Withdrawal limes for die H>A- 
approved drugs for use in food animals are only valid 
for the specified species, dose, route, and frequency of 

admiffiistraijon. They sue also specific to the manufac¬ 
turer's product and formulation; thu*. a drug utetance 
(the active ingredient) may have different w ithdrawal 
times w hen present in the differently Fatrmulatedi drag 
products. An analogous process occurs in establishing 
milt discard Limes and in determining she withdrawal 
times for drugs administered to egg-laying poultry 
(although presently, aJl drugs approved in the United 
Stales for use in laying bens have a O-duy wilhdrawitl). 

REGULATION CNF DRUG RESIDUES IN ANI¬ 
MALS. Producers. veterinarian*, and! other persons 
involved wkh die minds and food-animal production 
should he acquainted w ith a few, terms and lilt 1 agencies 
involved in drug residue control in order 10 better 
understand the drug residue problem and how with- j 
drawn! times are detemiined. 

The use of drugs in veteri nary medbeine, especial!y 
in food-producing animal*, is closely regulated in Ihe 
United States, by the FDA under the Department of 

Health and Human Services. TTn? FPA k charged. 

through the Federal Food. Drug, und Cosmetic Ace of 
1 93S (emended in 1968), with regulating the use of 

drug* in humans and in animals as well as requiring 

that live safely and efficacy of a drag be established 

before the product can be approved for use in animals, 
including! those product* added to Miircnal leetls. The 
FDA. also regulates human biologies, medical devices, 
drugs, and food safely. The FDA's Center for Veteri¬ 
nary Medicine (FDA-CVMl) is responsible for the reg¬ 
ulation of drugs., medical devices, and feed* intended 
for animals. The FDA is charged with the responsibil¬ 
ity for establishing withdrawal Limes of drugs and the 
tolerances of drugs. The FDA and ihe ERA share 
responsibility for establishing loleninces for pesticide 

residues in animal-derived foods. 

Whereas the FDA establishes safely guidelines for 
drug use in food anirtuta, il is ihe responsibtlity of ihe 
US rkpartment of Agriculture (USDA) to enforce Ihe 
standard* established by the FDA and the FPA. The 
US DA, through authrKrimliori the Federal Meat 
Inspection Act of 1906 and the Poultry Inspection Act 
of 1967. inspects meat and poultry for sale Ehruugh 
interstale commerce. The USDA is also authorised lo 
test the tissues of food-pmlucing animals through pro¬ 
visions in the Federal Insecticide,. Fungicide and 
Rodent idde Act of 1947 in order to del ermine if viola¬ 
tive levels of residues of chemicals and drugs are pres¬ 


ent. The Food Safety Inspection Sen ice (FSIS), a divi¬ 
sion of ihe USDA, monitor* these tissues, through the 
National Residue Program (NRP| and identifies prob¬ 
lem* with drug and chemical residues. The NEP has 
been in action for over 25 years and has concentrated 
on individual , as w ell as population, sampling fur mon¬ 
itoring and surveyijte possible residue problems in 
daughter animal:*, In 1992. the NRF estimated they 
would collect some sped mens that year to 

analyze few antimicrobial and pesticide residues (Kin¬ 
dred and Huhhert 159?), The FSI5 is the largest food 
safety inspection, force in Ihe federal government (Nor- 

eiws and hist 1990). 

The FSIS uses several rapid tests for determining 
comammation of animal products. Among these are ihe 
Swab Test on Premises f STOPii for antibiotic and sul¬ 
fonamide residues. the Overnight Rapid Bee! Identifi¬ 
cation Test (ORBIT) tor species identification of meal, 
the Calf Antibiotic and Sulfa Test (CAST), the Sulfa- 
oa-Site (SOS), and a variety of enzyme-linked 
immunosorbent assays- (ELISAs) (NdTtnKS and Post 
1990). Rapid screening tests for residues have been 
summarized (Sundlof 1989). Milk in hulk tanks and 
from individual animals Is assayed for antibiotic 
residues using various testing strategies: Charm Tests 
(Charai Sciences, IncJ. BaciUms st mi nmotffl m n apk i fm 

divk assay (Charm Sdcncu, Inc.), SNAP Bela-lactam 
(IDEX$ Libocafuries, Inc.), LakTtek 1 eM&. and Ddvo 
tests (Oist Broctdes Food Ingredients. Inc.), to name 
only a few, This area is difficult Lo adequately summa* 
rize because rapid advances in analytical screening 
imthAdolagles have led to die rapid development of 

new test*. 

Other federal government agenda* have defined 
roles in regulating the sale and use of drugs in animals, 
including ihe Drug Enforcement Agency u division of 
the Department of Justice), the Animal and Plant 
Health Inspection Serv ice < a part nf the USDA), Ihe 
LPA (mainly for pesticides), and die Department of 
Transpiration. On a state level, the Department of 
Public Safety* Department of Health, the Animal 
Health Cofnfniukin, Boards of Veterinary Medical 
Licensing, and Pharmacy Boards all have sortie regula¬ 
tory influence over the use of drugs in food-producing, 
as well as companion, animals. 

The Veterinarian and ExUt-LaM Drug Itee* The 

FDA approve* new animal drugs for specific indica¬ 
tions in a particular species or subclass- of animals (e.g., 
dairy cattle, weanling pigs). Occasionally,. veterinari¬ 
ans may cnoouUErr diseases Or condaiaoris in amnuds 
for which ihere are no FDA-approved drags. Under 
such circumstances. veterinarians often administer 
drugs that are not approved for use in food animals or 
they administer approved drags in nonapfwwed ways, 
practices commonly referred to as ‘’citra-Lahd'' usage, 
F. vira-label drug use is defined m the use of a drag in a 
manner that is inccmsislenl with its F"DA*approved 
Labeling, a practice that, until J994+ was technically 
i I legal. Recognizing that the Food, Drag, and Cosmetic 
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specific ti*sue that in of paramount importance. 'I"has- 
int'ormaEiDn is no! available to the vct-mnarain. Addi¬ 
tionally, tissue phiimacokinctscs is exceedingly com¬ 
plex. and m difOHsdfill her* cpf terminal half-lives will 

he sufficient lo illustrate Ihc concept* involved. For 
more in-depth infufmaEkm on (he clinical application 
enF pharmacokinetics and. how pharmacokinetic param¬ 
eters can affect clinical parameters, readers should con¬ 
sult Chap*. 3 and 4 of [his textbook. 

The half-life of the drug, or chemical in ihc body ii 
the primary biological measurement used lo determine 
withdrawal limes of drugs and cbefflklh in food■ pio- 
dudng animals: however, this parameter can bt influ¬ 
enced by many biological factors. The i m of the y phase 
of a drug by definition is the time it takes for 5(1^ of 

the drug in the minimal to be eliminated from the body 

m4 is the primary pan of ihe elimination curve shown 
in Fig, 31.2 used to determine the withdrawal time of a 
drug. The e m] is calculated using the equation 

In 2 0.693 

%1i - “T- or lt?2 — 

slope 



physiologic space or body area; raLher. it gives, a good 
Indication of how well a drug in general distributes 
throughout the body. A drug ihul has- a large V d typi¬ 
cally hys good tissue diMrihui ion thfHflbout the body 
(tetracyclines),, whereas a drug with a small V has less 
penetration into the body tissues as a whole, perhaps 
being confined to the extracellular apace* due lo one or 
more of its physicochemical properties (noc lipid solu¬ 
ble, fixed charge). While may give an InUcafitHl of 
[he overall distribution of a drug, some drug* may not 
be uniformly divlnbultd EhroughwiC the body. In this- 
cast, a drug may seek specific cdfa « organs or be 
bound lo l issue aucrofiHkcuk^ revuhing in a large If, 
measurement and yet a relatively poor overall distribu¬ 
tion in a majority of the body's lis-sues. Some drug* 
may have prolonged withdrawal time* due tn a large V__. 

In addition w> V. the clearance (f7l> of the drug also 

play* an important part in determining she withdrawal 
lime of the drug. -Clearance quantitate* the efficiency of 
the el i mi nation processes and is defined as the rate of 
drug elimination from Lhe body relative lo the cuncen- 
Iralion of drug in the serum by the equation 


If Ilic concentration of u drug in she muscle of u food 
animal after dosing is. I0D part* per milltofi (ppm), then 
ihe time it takes for the coficemralion in the mu&ck lo 
tfectHM 10 3fj ppm would be ihc biologi-csl half- life of 
the drug in the muscle. Extnpotatod oyt, the amount of 
drtlg in ihc muscle after 10 half-lives would he <1.1 
ppm of, pul in other lenn*, W.994- of the drug would 

him been eliminated from the mutefe after Id* half- 

live*. If the dose Ls doubled and the beginning eoncen- 
tration in ihc muscle is now 2(N3 ppm, only I additional 
half-life would be required to reach the 0. L ppm con¬ 
centration. On the other hand, if the half-life of the 
drag in the muvole is doubled, perhaps due Lo a disease 

state, then the elimination half-life would aim double, 

thereby increasing ihc risk, of violative drug residues tn 

the edible tissues of that animal. 

A* stated Above, the eliminalion half-life can be 

influenced by many biological factor*. The half-life of 
a drag or chemical in the body i* influenced by how 
well it distributes in the body m4 how quickly ii is 
eliminated from chc body. The physicochemical prop¬ 
erties of a drug can influence it* disposition in ihc 
body—in particular, how well iC dislribules into certain 
tissue* or whether or not it penetrate* intraccllularly or 
whether it permeates the blood-brain barrier. The vol¬ 
ume of distribution (Vj is the quantitative estimate of 
the extent ol the distribution of the drug in the tody and 
tail lUwrefote dirtily influence the i m of (he drug. It is 
a proportionality constant relating ihc coneumraEton of 
drug in Ihc scrum to the total amount of drug in Ihc 
hody. For an intravenous injection of a drug, the equa¬ 
tion fur L~a.kula.ting V 4 is 



amount of drag in the body 
serum drag concentralirwi 


mponant 




reported in [ Jkg, doc* no* ibctually refer to any specific 


_. rate of elimlnation 

O ■ -- --— 

serum drag corn'cntration 

Dflift (hat turn a tbiw rate of eUfliflAlkn from ihe 
body will tend hs have pntncttd half-lives, whereas 
those thin are dinnuted quickly will haw shorter hulf- 
lives 

The t ld is depeidefit on two fundnm: V d and Cf . By 

canMnini terms, an equation can be derived that 

reflects the influence of V d and Cl on the i m of a drug: 

y. Vj 

Uti = to 2 m— or tui ■ ASM x = 

Cl Cl 


Several physiologic evcnLs can -occur Co change V or 
Cl and can ChcreFure influence the f.„ of the drug in the 

I ja ■ " 1 § j - 

body. For example, if renal (unction is impaired, the 
drag's clearance may he reduced and the r M , prolonged 
by several huurs or several days, in turn prolonging the 
withdrawal time of the drag. If the animal's fluid bal¬ 
ance changes, the V, may change accordingly. Factor* 
such us She age, nutntinnuJ status, percentage of body 
tut. species, presence of other drags, and extent of pra- 
lein binding can all have a significant role in determin¬ 
ing (he V . iind d and hence tto r |r7 of any drag inLru- 
dneed into tile tody., Fi»f metre infuniiatiuii cm che 

pharmiH^ikiiwIich, it:LiijuiiT-L" 4!m:<iurLLg4»l Ll I- 1-IWlSuM 


Chap*. 1 and 4 . 

The phArmacnkinelk behavior und efficacy of ito 
drug or chemical used to treat a disease process are of 
major concern early on in the successful managemenl 
of herd health in food animals. For residue control in 
food-animal specie*, che primary purpose of knowing 
ihc pharmacokinetic behavior of die drag Ux,. vIk tcr- 
minal elimination half-life) Ls to determine the with¬ 
drawal lime to piwcnt residue accumulation in thoce 
tissues consumed by humans r A knowledge of what 
physiological processes affect the half-life i* thus 
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C'ommillec on Food Addjlivcs (JECFA) has. evaluated 
several drugs and has, published monographs that list 
lojiidly, mcliibolisnii, acceptable JjiIv intakes, maxi¬ 
mum residue levels permitted for different tissues, and 
biological l ate of drugs in fmnl-pmduclng animals. The 

United States Pharmacopoeia (USF) also publishes 

monographs ( similar to the monugraphs for human 
drugs) that go into more detail about expanded (extra¬ 
label) pharmaceutical usage and pharmacokinetic vari¬ 
ables Lhal: can alter withdrawal Limes in Jbod-prcMlucing | 
animals (Sundltrf I993).. 

The prevention erf harmful residues in Che edible tis¬ 
sues of our food-producing iuiiriiLils the responsibil¬ 
ity of many producers, veterinarians., professional and 
layperson associations, and governmental agencies. All 
of these groups must continue to strive to regulate and 
utilize the drugs used to prevent or cure animal diseases 
in a responsible manner in order lo prevent the accu- 
muSaLiun of harmful amounts of residues in the food 
Ripply. 
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A/jfimiiMlf HvilfrnMvhh’. USR. 

AIjjcthjs, kmins. JJJi 
AHcwlofiE 

l^poUeiiiMBDcidBil 112 

mecabolte. 522. 739 


respiratory. 522 

Altaian, 1071 
ALkyLaLmg agiri i t 

alykbulfnnale*., JllU 
nitrogen mustards. 1070-71 
tnitrosureas. 1071-7? 

UiaziiK4 r 1072 


Alkyl pyrapfiLis|. 4 i;jJcs. 127 - LiO 
AlytHlIfonHa, ILLll 

AlsfptB 

ajniiHpliyUine for. 4 .L 0 
anlihiscamjrws few. 41ii 

■Jjut: rcw-'ln-iiia. 61 

tphei|r|fH! to, JJJLI 

epinephrinu to, 21L UH 

g.1 lh:lk:li rt i ltm dt fur, LSlL frfaJ =h- 


Tmlainnw and, MU 


isopriwcienol for. 410. 
lu local anesthetics, 551 
PAHA, 15 1 
Ailcftirm. 1019-711 
AltanAK ruling. 11 * 51 
AHopurinol. L2 £l 
A tlyl-IrcnMonc. 614 

Akvfwcu, 611 

Afipha-iwlrcnergie agonists 
cu-seleetive, Hit 
' uhlfcthKicpiors. lift m=li 
delnmnlifH;, 3?U?3 
dexmedelcimidiiie, 124 
for diantififc. 1055 
rnedcramidinc. Hi 
jh preaiieschelics. LM 
iwnifiduie. 325=24 
as LrunifmLi/.cis, 313=25 
lytoine, 314-21 

as dccungL’slants. IL lh=.L.T. 
Alptui-ndninurrik' amnuumsU 

fl^pefctii*, 1 1 l-d7 
side cIIol'Cs, 6J 

Oj-scicctisT. 112 m=n 

itpuEuk, 114-21 
lolncduK, m 32ft-39 


VLiUintlKirie. 124. jJUfl 
OJJQt aikiiiukh. 107-9 
iKwisefeetjsTc, L L1 

qiAdk. Iffl=l i 
as vuadDrim^ 471-72 
Alpha adrenergic; receptors, 8I 82. 

azjtLas^ utt 

Uocftjdev UH 

subtypes. 92-93. *M=95 
Alpha. htue&m. See Alpha - 
Mkuef))c anlsjiCHiists 

Alprenulol. 48!i 
Alternate day therapy. 

gluCKMlkddjl, 662-63 

All hen; in, 143-45 

clinkal uses, 245-46 
Q OB ta W L fldnlinnv 246-47 
AlUcnof^t, 614-15 
AAurn. 522 

Aluminum hydroxide. 1046 
Aluminum hydroxide/ 

ftaphric, I0S5 

Aluminum plwfiulocyanto 
Cell asulfunaCe. 1143 
Aluminum sails 

if nmu^idi. 1049 
as raring cues. LQfli 
Alveolar ventilation. LMl 

Affiit'rJudiVir Fi\drm-hit'ride. USK 

ea=a 

Awtowwitai Cfeterid*. USP. U6 
Anerkm 155. 

Amkir. 582 
Amkarhalidc. 1015 
AmidflK. Hfl 
AmiUnne, 7Ad 
Amikiidn, 855-52 

AmHoridc, 54a 

Amino acids 
in CHS, 152=58 

siLlfur-cuniainitig. Ufe U i 
Aininuunudc luCUl aiKSlhcilefc. 

355=37 

.4mriWh"£i/jmN‘ .-Ir irl MSP. 582 
AaUHm Iml anesthetics, 

153.-55 

Ain in lj g I y e us i des. KJ.J-JM1 
At 'h irihabilMMl, LU 

jiniStJLin. 

iipnimycin. 858 
hicKivaclylwl ity of. 2J. 
icn ciis, 850 

ehemistry, 541-42 

dihydrnsinf|pt«mycin t S5S 

in dogs. 849 
gL-nLaiiiycEiL 851=55 
in huTMTV. 850 
knnariiyrifl, 837 — 38 
mcebjinisrn nf actioa, 843, 4 1 
dhiiIhI su«|*ifri!i!y B 84-1 

nwwiilemng. 65=66 
oeomyeim 859. 

newnamuaculw hkxkmg ugenr 
■meffiecions. U8 
eiptvihalmk uses. L 127-38 

pa/iiHnkwnycin. 8.VJHM3 
aidprotozDol activity. ^>6-97 

penU^KirlHLal iiriL'nK.'liuil, —18. 

phamKaeLikinetiev, 844—46 
rewpKn. 846-47 


residues, Mfr 
in mmirunls, 550 51 

Mnjdc daily during W43-U4 
lobrainycin. 858=59 
Lupkal, Ll ^ J 

knii'ily, 6L HfiL-31 
Amimipcnidriins, 822 
Aminnpcnlumide. 1053 
AmmofMme. USP. 33fcJ3 

to allergy fftprtkwB. 410 

curd be dtak 4.2M 

4- Aminnfiyrid.irK, 1541 333. 122 

5- Aminps^ulicy Ik- aekl. 410 
AmiiHMkliRiL 996-97 
AmjixLmw, 489 -9CIL 496 97 

Amibrw. 1015 
AmilripfyliiK. Ml 

Amcwhajf, 993-97 

Amorolfiiw. 932 
Anw\ici1lin. 822 
facmvailabilily of, 21 

%npblhalmiL- m, 1129 
potfissium clivulonace ankl 525 

j^mpfifJu/rei'ur Hirltulr, USP, IQlUb 

tnnlransfcimiaLiun erf, JJ 

C m cffccfip IfL 81, 9 9 
EpImKidiMHiKE few overdose. 3111 
AmpfeotHL, 923 
AjBipiiiDifiridB B, 911=28 

lluLykJsmur and. 932 

intorvpecicf BuiHng pmllle. 32 
ufihlhalniic uui^ 1 33 ? 
■pfcpmnitiems, 923-24 
rifampin synergism, 881 
Anipkililin. 822 

biuavaiilabi lily ol, 21 

^ibUuilrniL usess 1 L30 

nulhaeliam and, 825 
Amf>n.i|. I0O0 

Amproliuni. 1000-1001, 1007-10 
AntrifioiK-. 42J 
Anukplie agents. 315=33 
Analgesia 
ffiediackrfl erf. 1512 
N8AIDs to, All 
opioids For. 225. 

Analgesic [wpltropuihy. 419: 
Analgesies. See AJplu-adreneigie 
agewiisrs, GL,-selec1ive; 
Aneschenes, dissoeiartive: 
NutoleitMdal anci-illl1aJnhma£4jr> 
drugs; rjpiLiids 
AnaphylaeUe shriek, LOl - 2 
AnaphyJu.i.n 
due ^ drug ran/dcwis 62 
hisumbne and. 401 
Aneobon. 921 
A n d n ig e i l 1 HM1. til 
Anecf irK, Lll 
Arwruisi. 
apLislic 

dihi«i|dPBPatoikiecd, 81L-72 
Milfnnjimwlwdndueed, 8 LU 
btaXl IIma. m 5tLJi5 
dirnnis huimscrhage, 56L. 5M 
copper deFineney, 562 
folic acid deficiency. 112 
hmoljrtkv 561-62. 5M 
immurw-mediaied. 562 
zinc hnicDMH and. 759 

















































fnih'.x f 


im deficiency, m 5&L 

751—53 

vi.1adhi.fi A urid. >686 
iiTOiplKdogieal classifitfaiion of, 

aas^mu 

ncniregewralsve, 16M, £M 
regenerative. 560 
vitamin B iklkiencv. 

3a=a Hi 

AwMIkhm 

epidural. 5 mv Tipidural nerve hlntk*. 
induL'litin of. 1 9 2£K .tfffii/jtrj 
specific drugs 
lociU LCl2 
principles of Ltitt 
regional, [hi 
topical, 152 

Anesthesia, gerH.'nil,, 16.-64 
depth Dtp, LfiZJft 
drug combination*. 166 
effect on. fluid balance, 13] 
niainLCikaikv rtf, 167-tiM 
mnni luring equip mam I, I17 
rwuM.-imu^LLluf blocking ngcnti 
and. LJft-Jft 

piL'UllL'NLlhTMa- lJl5=6.T 

rwtWi) from. ItijLM. 
AnusLhcliCK, dihMxrialiVL 1 . 247 
ko La 111 me, 24lrA& 

phencydHliiw. 241 

■i pi prearKsIhi.'tics, 166 

I i‘k , t;mLin*-\ 2513-61 
Anesthetics. i nJhaJacicm. 1M=H 
adjuvant drags, IM 
bkrfmnsForniaiiiai of, 15* Ifil 
blood solubility oF, 21 
dumctmstks of. UH-BZ 
for culJhanaska. 399-400 
lifhd solubility, Lil 

nkinLiniiiti al v culnr cuifccOtjaLuiik, 

193-94 

occupational npo»ve to, 204—.5. 

ptwnumtynaink-*. 194-204 
plwrTWK’okirietics. 3 *3*12—S!4 
phenothiarine* and, 30J 
properties of, l-gl=8& 
racovcty front, 132=53 
nrvunul of, 163 
solubility, i89-9ti IM=H1 

vwwdihlwni by, £H 
An^Nei ivs, injecUMeu 213-84. St* 
aim Aineslhetiai. di '-viviahvtr; 

B riiM H 

al the sin. 243.42 

rtiloralkfcse. 2j&i 
einmiilaifi, 239-4<l 

gLuaiienesliv 241-43 

propanidid. 261 

pmpofofl. J 37-39 
urethane. 261 

Anesthetics. local, 343-44 

ali*orp»i.ifi of 346 
apu 

bemK4k^ M5 

bmiHCne, 7 

cMofnprPtnlne. 151 

cocaine. 3*13-54- 

etidocoine, 112 


UdocMH. 1H=S6 
aiKpiv^cainc 8 D&=C 
priliocaine, 516 
piDCUK. 154=51 

prap^]^dt■ai^L , . 3SS 

lupivacwbe. 112 
tetracaine^ 151 

hintian^fi.tfTriotion. HI 
clinical pharmacology. 111=12 
clinical uses, 112 13 
JisLrihuhim, 346- 47 

la. 

mechanism of KttOQ, 347 49 
ontidsilmic. 3d3. 8121-22 

properties of, 244-46 
systemic loiieity. 349-St 1 
tissue knidty; ill] 

Auftoteiiiin, 413-16 

\nj.”i<itL , nvin CLim L'nint! enzyme 

inhibitory 473-71, 1L1 
Angiotensin L.51I5 
Angiotensin E, 5clr5 
Anhidnisiv 73?9 

Animal r>mg Availability Act. 1154 
Animal drugs, legislation 

miunlq, 1152-15 

Animal laciiitury UmnfuL-liipfl of 
792-94 

A nimal Mcdbclnal Drug Use 

Cfrifiarim Ad {IWih 58, 

1153 a 

Animal wfeCy studies, 611 
Anion gap, blood. 517-lft 
AmpryL 661 
Aniacidk, 1049-51) 

Anbfoni). lit 

AnbfoviiEtz, drug, 10. 61 
Antbelboji. ‘iili 

Ajuhckminiki. S«- aim AnLieesiotkal 


drugs: Aiitiiiciilataxlal drugs; 

ArtUitdUltxU drugs 
bcflumudnokSe 988-89,995-96 
copper oiidc wire. 148 
Anihrucycline dcmaiivcs, 1975-77 
Anihraquinone glycosides 

Krfvibon of. la 


u6 caElkarlies. 1017 
AniiailfcibcrgiL- drugs. for 
Adrenergic antagonists 
Aiitiai-enin: agents, 563-61. foe ahti 
Anemias 

AniMntis.ihm.ic drugs 

aonicidaiont 1 . 419 90, 496 97 

^prinidioe. 4M> 4 9 5 -9 6 
atropine o*. 4!i£l 
^-blockers as. 489.492-93 
hrelyhom, m 494-9-5 

l _iIl luiii-i. Iijeiuil-I tdOCS-'h^. 4^3 

clBasifncddcm of. 45il.-9i8 


digitalis ais, JfiiiL-slSti 
disopjifamnk. 4HN. 491 
dosages. A9.I-M8. 

mlnhh, 4«B. 4M 

qnncpJunAC as, 4SHI 
Ikvai iiiifc, Mi Pfr 

tiubcaifie- 4K1-W. M2 
krai ni do- 481. 436 
vnniktine. 481. MS 


pbcoyioin. 41H-89. 49]-92 

pmcairxirnide, 4H«. 4J11 


IflL 1 12-13. 489. 

492-93 

quitkldkH^ 4MB.4WMM 
tocainide. 488. 4M 
AnLibiolics. S*y ej/isi Antifungal 

drugs; Antiviral a^cnLs 

abwqMkwi of fkmi Gl tncl. 21-23 
uiTiinoglycosicks, 8A.l.=£flt 
anti neoplastic, 1075-78 
hacilracLn , 8W6, L LiU 

harbiluratu inter.a linru.. 221, 224 
ft laLlam. 6L Mil 23 
C^bsMki-3, 889 
t:hlkrramphirnii:«4. Aav 

LTikxumphcnicijil 
CHcenMatw-d^eihleiu. 4li 
L'ouinafin jxiteitbaikin, 5iU 

LALTLiKTII |lf 44> 

flurmiquini ikwiL’-H. 89H 9 L 3. |IJ9 
lincosamides, 882-86. I n I ff 1131 
nucrolidcs. 21.876-^2. 11.31 

nkrihcfiajninq 2M! 

in miEL, IJ^ lltth -W obo MiIIl 

nilnrfuruns. KHB-K9. 997. UM 
no¥obioein. IM 
upluhalmif uah. 1 127-32 
penicillins, 6^ M11-22. !■ 12M0 

ptilymyxlas.. Bft 9L UHiL l_LMl 
rifampin, 1H6 1H. ] 131 

side effects oF. 61 

sulfotininidi 1 '-. ,'hv Sulkmairiidefl 
Ectniirvclilies. Snr Tctnoclifio 
EbiosUepioo. 886. ILM 
topioll, 891, 11199=11 Ul 
loxieity of iH 
vunmycb, 889-90 
vlrginiamyein.. 889 
and vitamin B requirenbemh. 709'. 
7lt,7l3 

AUlk: a ru i niigeas 

nnicga-3 fatty iicuK 764-65 
vitamin A. 686-87 
vitamin E, 699 
Antk?esLcdal drugs 
ben/imiilaeoles as. 984-85 
bitliifMicil. | a 'PK¥ 

hiiiiamiviint!. 9HO Hi 
div*hluniplfe:iL, 4Sj | 

L-vpirunkl 1 1 > = . 1 Lv l 

liL'JLULlihTnsfihunv^ 9M 
for hordes. 9S5 
iwa^nic compounds. 980 
naiunil orfuic cofnpcnands, 980 
uckHarn^ 981.990 
pru/iquamd. StUl. 1 ML 

resi.K-jiiiL-l, [ M\ 

ArrtHtHdinerpics. 1 30-33 
m- iinlinrwLim. 1045 

as onLispasmodies.. LiL 132. 1053 

as anuulte drugs, UMh 

as hfOiiLiardi lalurs, 1112 

as piBM Al twrtC i, I fih-67 

AiUiebfdiiieslL'ra.w agents. Sr*' 

OnlincKlmuBe iiliibiloiT 

AmkuapiJuntt 

hcpiinn. iI9=M 

norural. 574-75 

opbihalmiik | LJJ 

vilaiiiLiL K auilagmiisl y„ 5HO M2 

m viIAh. 571-70 
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Anticwvidiol drags 

fur m = j ma 

for crypij^»fiili<Mki, nara- tn 
i iiuvlkjm:-.ni U I action, ififii 
new drag targets, 998 99 

nsMtance. SHE 
sulfaquinraialmc-. Sill 
Ail ikollagc wises, uphill aJn ric , 

LH1-J2, 

An I i K. i MIV II i Ml It IN 

as ’hchiivHDT iihkIeI ying dm g;s, IMS 

benzodiazepines. 3 - 25 . 326. 

am 

bromide. 333=33 

ilid/cpam M r i 2R 
medunisni uf actLinn, 3ft ] 
pcnlnhurtiilal in, 171 

ptunnjfCctkiivLk^. 161-ELi 
ph-ciKthurhUal p, UtWaTh 
phcnymiB. 308-70 
prirokkrtK, j-feh-M 

AntiduprussanL-., 382 .9.4 

Antidurrfw*] Agenta, 1032-53 to 
ofav Antis pas-mod jps 
r*.nl i l 1 1 lli-^71 1 u hivnniiiK, 54M. 517. 5512 

ACTS and. m 6544 

angiotensin and. ALL 
ptugairve a flea, 2057 

Anti emetics 

belladonna alkaloids, LlH4 
centrally acting. 1044-43 

dmpcfi doll 331* IMi 

peripheral Iy acting, I (MS 
phenLiEhi amines, Mil 
pTtxhliirpurjLziriu, 3 1 2= 13. LULL 
Antiqiileptks. 171. toaLw 
Antiranvulsants 

AiiKsuvgciis, In dJKtf I OTSi 

AnLifihrriiulytks, ■,'flliilJlj.lriSiL, 1142 
A n Li free iu H % Jc i ly, 3 £l 
A ril ihiripiil drugs, jljL31 

anwrolfme, W2 
umpbolericin R. 9?I-24 
cnmNiMliiifi therapy, 932 
cnikofiu/cik. 927 
fluctifiazolc, 
flu^Ytosinc. Ull 
grucii^ulvid, 919 21 
dra^iruiMsle, 937-30 

kclricnfiimile, 924- 27 
raaftifirae, 911 
nplithalrnk, I 112 31 
tcrbinafincu Ml I 12 
thiocnrtKunniw, 932 
toptcuL 920-21, ffllztt II LULL 
AnciliiMamiiic*, 404. 4QI-JQ 
as amtcmetii:?., I <44 
as behavior modifying drugs. 125 

JS iLeonipUSLaiHS. I Lffc.Ll 

mpiraktry cfTecIs. 111-4 
Anfi-wflunnulofy agents- to 
dbu HodbIbrwU anii- 
inOanuttalorv dmus 
h mrkL Ik idt blurs, I I US- 14 
plucth.cfiiK niLl's, 45ft B. ftftl °ft2 
nnnrgLi l tally aLiils, 7ftl 

ophtWmiC. IL 26-27 

for i - : -iarthrilis, 44ft 43 
sulfisalarivK. SINS 7 


AntanielabotiKi 
folic acid -analogs. 1072 

purine axiaJues. HT7 3-T-J 

py i miiJsiv: snalugs, 11173. LLLl 

ATiliinicmbiak. to AniibiiiliL-s; 

Anli-fungal drags; Antiviral 

age ms 

Anti.monials, 995 

Antlmusctfinic agents. |3fe31 Set' 
til w j Anticholinergics 
as anflKmelies, LIMA 
spMwtlytii; afitmljf, LOSS 

Ancineirintcidnl drugs 
abunweiin. 967 -ft ft 
benzimidazoles. 948-51 


L .. 
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umisulc, JS443 

n-Niiyl chloride, 977 

didilnmw, 962-63 

ditflli y learframaz i ri c. 8 25= 3 6 


donmiixlaii, aHj-tfl- 
upniKHiKetm. 969-71) 


fiitiajilvl , 951 54 


hvuitHmydn B, 977 
iveimetEi n, 964-6 1 
kvninistile, 95S 37 


niiflajsjiniine, 976 77 


m-ilbemydn. 3.7.1=32 

moraaiecl. 96Q-4J, 

smldtodji, 972-73 

rteUhiiimt, 951 
nser ihe L^Hjnler, 977 


phenothriaaiiife 37.T r- . 7 4 

pipetazi ne. 974-75 
pyraiHel. 957-60 

ndcuanidir, 9Sft S7 
rusioltifiLe Co, 977-7H 


MzlaniL'Llin, 92LL2] 
IhiKctaniifiviid^, 362 


toluene, 977 
AmincopLiHtk agerws 
alkylaLing a^.L~iUs, 107*0—72 
amihuUKS. 1075 7W 
uriLiiiKLalKriilLs. 1072-74 
csmcnCT cell tpfidJkiCy, 1066 
tnmftinjrtiinri Ehempv, 1069 
doaape, 1 D67-ft8 
eujin, 3078 
cpidopbvllwox ins. I DM 
hHjfinuifees. 1079-80 

pblmum L-cKirduuslinn euitiplcxev 

1078-79 


roitlaiiL'ir, 1069-9 
Lawi-1. 1074-75 

11 ilt r ;i p i ■. I sa/ely, 1067 

SOTkhy, 1066^67 

frenlnwnE legimens, 11)69 
vinca itlkiiNsiids, HBt 
AnEicnicUuils 
p-caroleiw. 686-87 
and erythrocyte production. 55i l 
taurine, Ihl 

vitamin K 686-87 
vkornin C P 718 
viiamin E. 693. *694 
AnUplaKrlct dnigk 5M 

AntiprolLfcraiiivc agents, ophchal mic 

uses, 1142 
Ajuiprciiozoin drugs 
for ama«lMB4 993-97 
MbncddAh, 997-1010 


ttmauk, 995 

Moicalit 995 

luf habcsiusis. Mil 12- 13 
bt*niT4iiinla/ - iilirv 1 995 9ft 

lur L'lhaEes, KH4 

for cylauszooiwsk. LULA 
for equine proiozonl! 

myelocnccphalins. 1011 

ftir flagellates, 993-97 

for lie|taIci ix n j ntKiv, 11112 
fur itlaJaiia, ] IJ11-12 

fnr nefspnitasis, 1010—31 
niPuilimos, 997 

paromomyc in. 83BdHL 996-97 
[euaeveLiiics. 997 
for ttfL'ikrUnis. JLOM 

fnr Ins,opiusmosis. 101 C> 
AnEi|^yeho4ie$. TH5-B9 
AnEipyirticv. NSAIDs. 418 
Afitiif»fte, 1010 

AntisL'biirThuies, KHft 

AntiMtk*. 7M as 

cliniL'a] use, 3SL-M I 

efficacy of, 788-89 
rexHlance U>, 283 
AnEispasmeHlic-c 

iivtklioliiicrgiR ak LiL L3i l f, 53 
diphcm^xylate/aliopLne. 382=83 
mepegridsne. a 

murphiiiL' M, ^79-Hfl 

parugnric, 28Z 

AnEilhmmhjn III, 515 
heparin binding. 522 
Antithyroid drugs, 643-46 

AnLiEruiuaUHlaJ drugs 
fur I js*. I':4i.t,]s 

ben/innda/uks, 98S-89 
IhilliHxnnl sul kuwt, fflii 9M 
bmrTwiphenifphivt. 381 
tfVfnoidDiis, 28ft 

bmianide, 9B4i 

dursukin. 9K?=H8 
dusanlci. 9KH 
JiariL]^imiCliiik-. 9^9-90 
hemachkmsfwoxylene. 3M: 

bfiiachlgniplKKp 386 

I'lieltrflnlmi, 9H6, 39U 

nilroxynil. ‘2M 
oxycftoaoidi, 9&6i. 3SQ 

r-afoxjn ids-. 9lMh-87 
t'ur pmgonimLHtii. 9yu 
for pa raj ip hl nioi'nefldit 990 
AnMnuafvea 

umkniL" BA. 2M 

niurphiiie as, 111 
naruoEic:, 1 ] 14 
mMinpiortie, I 114 15 

pcnphifral, 11 LI 

AnLiiiker drugs 

antKHK 1049-50 

astacbohncrpci, Uttft. 

H. reccpior ancagonisis, ISMft-48 
Klhs, ICU9 

prnkin pump inhil*iUn*i, 31.148—49 

Buenklfu^ NM-5H 
Antiviral agents 
assembly infilbiCnTs 
anuntjidinc, 238-39. 

n inimljHilmL'. 91H 39 

destran sulfale, 233 
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cspeTitncnlal nk«idc 
analogs, Ji33 
jcIvtnprolKin pmusssing 

taUwton. mi 
inwrf«™i. SLlii 

rw-uf^ransmotlcf autBgiMiiHh. Mi 
4 TgtJri U lh I n i i it , LLil 
pn flaunt: LnliibiCurY, ,: l41 j 
ribu/ynitfA, 939 

tnmtiripcfcn inhibilnrs 
acyclovir. 936-37 
cylnMUf Hii 

fctacamci. Sli 

gurHificUnrir, 136 37 
■Jy-Auridine. 935 

ribavirin, 8M=M 
criflyndinc. 2ii 
vidarabinc. ill 

Anxiolytics. 353=M 
Aoduckccba, l!M 

Anypnl, 666 

Apom i i*j rpf\uff tfvtimthl&rijU 1 . 

USP, JWi 

ApofKiH^, ghiooaiiiiukMflffluDfld, 
m&ii 

Apiflhctiaaies" system, 1 165 
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purfuriluni induction by, till 
Os^nwiletofnielnK, 324 

P^jctnui 

in colloidal sdfluLiorts, 521 
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teiVLipliini^T,!!. in, IQ 10 

Doiafldu, 2MJ 

IXdnjjliiih:, 2M 
rkwniEi^r, 323 

Duma, hww 
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GionlimsEs, 994 

Olnrim 

cai+Msmc auhydnutf.* inhil>iliw^ fat, 

mM2 
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Glaucoma iamiiHutd ’} 
hypocefuive agents for. 1334-39 
Glipiiidb. till 7^ i 

GllJi_'JJg47JI, ft 79 

OhnnHine. 995 
Gkukwonkoid.i. Steals 

Mincialreonie-oids Steroids 

ahernaie dlay ihcrapy. 662-63 

iiiili-aiiUjimiiJh.irv effects 

650 52, 651 

clinical use,, ftftQ hfi 

TOItispl. 649. 650 
for diarrhea. 1054-55 
effect on T t 633-34 
plunvuDDdagpod effects, 652-54 

fiiyskitejJctJ effects 652 
pre pnraiH’in*. 654—58 
topk’al/ophUiaJnuu. 664-65, 
I 1BMWI 
toxicity. 658-60 

^ ichdrjVL jL tJiV-tfcl 

GIlKflHCpKliK gllMfllTUK and. 7W 
(Hudhc 

htparlocreipic effects B059 -h60 

metabolism, gluAttifiicuidh mid. 

652* bM 

Glucurorikk 1 conjugates. 16=12 
Glutamate. in Cm . JjJL 384 
(Hutanic acid. 3M 
Glutamine, 769-7? 

Gluiufaldchyik*. a* disinfectant, 
7K6-M? 

Glutathione, 32 

intraocular irrigation 

nhitiant I L23 
Glyceim LU95 
ophthalmic uses 1138 
Glycine, an CMS, L5& 

Glyctifreirfidjf-t. praJiribRidritf 
a^uinM. 

p-Glycoprolciii 

and drag win law 1 , IfHSK—fi 1 ? 

pump, 22=23 

Gtycoprotoin-|^ 
inhibitors ILJlD 
rj^yriid'cjri?. NF„ 132-33 
afflkmeik activity, 1045 

InflcMIiklfli by. LU2 

sposimljltk activity 1053 
Gl vcfl^amino^lvi’an. polYsulfutcd. 
J46-47 

Glycosides cardiac 
amnnune. =Ll I 
tooumsfrrmaLioii of. 38 
digitalis, 456-7 fc 
mflbiam, 47 1-72 
GnRH. fcJLL (dti 

cl inicul uSitst, 620 

GcmCS COCCidtUUS IflCHi 
Goiirln, 643 
Goitrogens 643 
Gonadorelin. 616 
Gon4fcJ«,Ttreipin-rdea^inf hormone, 

611.fi.l6 

ritkil Uffii 620 

G-proieiri-cfKjpled reteprors 299. 
31.4=1.5 

G peocrin*. 1 55-56. 603 
Qtttianciuckrt, M9ti 
Greyhounds ksditHhunfes in. 222-23, 


229,222 131 

CJnful vin V, 919 

(InuH.'tin.j 919- 

Gmrnfah'in* USP, 919-21 
counurid inhibition. 58J 
Gfowdi homon, <4lM-5 
Grawifi hormone release- inhibiting 
hurmufle. 603 

(Jtliwlh luHTiHmi: ’rtkjudng 
hnrnumc, 603 

Gwmcnt, NF, II116 

USP, 241=13 
m cxpeccoranL 1116 

L i u;ii'il-LIi idi jiu. I Li 

Guanoting 31 .^iimiKifllMapliali:. 
ftr Cyclic CMP 


H_ Meekers iJiL 4flB= I It Set aim 

AldklAlllKI 

H, receptors imd vomit ion reffesL 1042 
1L Mockers 404. iflfe Ul Set aim 
AnLihismmincs- 

drug interactions 62 

llj receptor aiita^sicHis 
advene reaeticHts, 1048 
Clinical use. 1<MK 
control of gastric add SHRISM+ 

Uta-J7. 

drug interactions. 1048 
Hegemon factor. preLallikiein 
aeiivaiiofi, 41 ? 

Haldol, mi 
Half-life 

and doHfc, 49.-5Q 
dta of plasma protein binding 
on. 23=21 

elimination. 41^ 44 
and withdrew*] Limes 1169-72 
Huk^iilkylainiilc^. HW. LLU 
llalolugiiKmu, 1002. 1007. lilLi 
HelopcridoL as unliemelk. Ifl tf 
Hobthfm*. USP, 197=98 
cumHike drug* and, L48. 
dn\iipmm onttiigtnfillB of, 314 
diminution of. 30 
he^KUiUh due la r 19& 
malignum faypeflberimJa, 196. 

I9K. m 

stmcHR of. l&I 
Hnlcwan. 
llupudcs, 253 

lire, 611622 

Hcud-dmp mt, for nuiscIt 

prir4lyyg e L4 £l 

Hcungnrd. ‘MJ. 966 
He un worms 



prevcfstioft, 975-76 
lluniaimiL- drugs, 3faj-fati 

Hcraebofinkm, LIU 

I IcnKS'hmnulciMs 567 
llemc^Ustim, 557-5K 
earNin rruim>sitfc jITmily 
For. 39H 

ouUve dnmajic, 562 

replacenhmt ihcrany, 5M 

v.Liur;il:i'.!-n of, 174 75. 


Hemn-|Ki*;. 516 
Hcmosidercsis 561 
HeiTMKtfl^is, B lf 7 5 


HtnoflUki 
s^BtEvniK, 5.7I-2H 

lupiLnl, 575 7lS 

Hndmon-Huicltwilcti eqiiaUnn. 

sifi=mia 

Heparin Sodium, USP. 57^893 
cejumari n pcrieruiLUion. 58J 

t-tplhlfialniti: IMU, 1141 
I tcpuliL" riLicrciftPiny] crizy rng^. .Vra 1 

Mkrtmul GnEyric sytfem 
Hepabotmpic agents 3058-59 
Herbivisres 
drug oention, 43 
urine pH. 411 

HirrpewinjMf-s 935 3ft. 93fl 
Herples. 05 
Hdaslardi. 522 
Hfltefwydk coopouck, 

an isnemmodjl drugs. 971-76 

Hescachloroelfunc. 9&5 

He^aLlLkiiLiptira.ty lenL-, 985. asft 

HojuuMowpkmti USP, 5185 
anticeMeidbl. 9S1 
for faseboious. a2ift 
He^mrH.'LlKmiuin. I U 

HnrfwhiUfl Svditm. NF. 231 
Hislaminc. 40t3 

bikKranNfi'triifiaiion. 407 

clinical use?:. 402 

in CN&, 131 
effects of, 406=2 
Liticsis iFicdiabLviL, 1042 
endogennuc, 4114, 40ft 
11,-reeeptnr anlugnnisls 

iIccnnjjtf.kLjnlN^ 1116 

UL-nec^pCiw anlajEnnisl.^ in Gl 

henontflfc, 5fti 
mechanism of action, 407 

pmuih^c neiinHnuismiLlUT, H3 

receptors 31^ 401-4, 4417 H, 409 
and vxnrnilion refks. ICM-2 
rekocse oF. 404-5 
shm*. -UM 

Liihtsuninnc release of, 14ft, 4U5 

Hblfl&m-g lL «s 

MMdihgiw Hydm6fBwWf. LISP. 

132. L32 

1-lcHlHieyNlein^, 7 E 2 3 3 

HffliBonn 

;w anlinefsplasliL- dni|c 1079 HO 
iinpl^nlls. 2U 
Hiifses 

iiminnglycnsides in, 850 
anhidmis. 729 
nntkm«U drugs in, 985 
colic 5ff Colk. equine 
digestive pfaynalogy and drug 
aborpdDS 2i 

NtiXMDi cycle cuiilicji, 614-15, EiLl 

eierCiMt-bduiced }?Ulibiuilary 

htTnunlia^L'. 545-46 
fluid Ihumpy in, 530 
fliKmiquinukincs m. 910 

hypiithymubsm. H)0 
partujitikHn indunliLin, 61K 
prr>lu/uu] JnvG'.n:aiLq4iaJilis. 1011 
slLWid-LiidLiL-ed iMIlJfflfds. 660 
MiLviuylcfariinL 1 irn, 14ft 
5- H X Stri’ Stfrnlunin 

Human etmrksnic gkinadomsfin 
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iHCTlJu idl 

for crypcorchidiMri.. 621 
Hwmm Flbrinagn USP. 51h 
1 lumjji-L jK I drugs. 58=59 

arid. adverse drug '.-\|r.t il-eil:l- : . Cdl 

Huiilwlity. I JSzSU 
V iyjrimDfik mkU J±LZ 
I tyrtnoidB 
with Ifcal an c-sfc belies, Ill 
OpfaliuJlftle use, I 142 

aiyidjILluillN. 3M=Hl 

Ifyiimiuzinr HytifTM-hlurtiif, USP, ill 
.nnh vilmnin ES, jxliviiy. 707 
llydta/ine sullalU, apiielita 

itiuauhtnM, 1042 
Hydreo. 1080 

Hydrochlorothiazide. HI CAM. 
K|4 uum1wKi nnrinraivc 
activity. LI 14 

EHydfiXin a lisu<iL i . M5^it 663-63 

n|:tiUijlciiiL. L]2I 
aiyOnkbuHi.. tm. 

HjNkup^ in Kid^HK meflnbobsm. 

aifeia 

j lydruLLTi cyndfe; fur LiiCluaiiiMii. ±£1 

Hydragu peroxide 

a_s diuntCLfufll., 2X1 
i is eiiteck*, 1C 144- 

N\tlt Tm a rphnmr Hvd/w h /ora/r, 

USE mi 

J lAiytkuQ Cim jw B M&kkmM: wid. 

413=14 

(^>ljidfin!i;yii>fkijrii:ilL L , J 13 

l‘l y ifjrji prr s§>^-1 ■ i kz Lli y 1 ^rxr I ] ll I f L 141 

HydroxyquuiolonR', jntkxKCKkil. *J£0*1 
5-J4ydftiXvtry-pAufliirti2_ il t-B 
in CMS. 132 

(Kuri^iriinsniincf. Si 

Hi'df/TKrvj/rrii, USP. HI 1080 

Jlydnmde, 547 

Hypmmyfin B. 977 
Hyodu, 130 

be amkmeiH 1 . HH4 
spaur wft yLie actLvily, 105 % 
HyiX'nidremiCLirtidsm, fifab fib 

Hyperbaric oxygen, L21 
Hyperejpmn, 178-70 

Hypereatabinlism. glutamine untf. 

mya 

Hyp a d iten i^ 5L L 
I lypcrchnlertcimirmiu. fill 
Hyperglycemia* phcnodikuinc- 
induced. 301 

Hyptriwfihxy^diKmja. 712-13. 716 

Hyperkalemia. St2—14. 721 
from piMLLs si um- spanng 
diuretics, 54W 
HypL'rnuLrmuu, 5118-9 

Hypcmsda, Iim 
Hypcrpimthy™dhm 

LuJLLlrinl supple me mi at km, SfoS 

rvulriUnrul Hccrmfay. Ill. 

725. 716 
Hyperpyrexia, hi 

Hypersensitivity racboig, hisLirmnc 
and. m. ' 

HyptrttllutflL Milt mid. 7^8-~Hl 
Hypcrtihermia. maligrimit h&Jochdfie- 
faHkuL U&. UK. 
Hyperthermia, scLzure-rdaied, 3M 


ape promazine foe, 1418 

Hyperthyroidism, 626 
Hypertonic sol nitons, for fluid 
therapy. 52fe.¥J 
HypervciuiluLirin. L2^L 
HypHYttrahuMld A. bM 
Hypcrvitamirnosis P. 692 
HypoodUn 2£lL 
Hypniomidate. 212 

IL V |P. IU d I L' H LX.‘i.Tri3 L' IM11. CfcJM 

Hy^aJcLiin^ 723-24. 726 
Hypwapfiit, LZ£ 

I [ygiui:hkiru mia, 5 L1 
ELypLHihkintcs an. disinloL'tanls. 7H6 

Hypoglycemia, in-tile, 677. 678 
Hypoglycemic agents.. oral. 677-7K 
Hypokalemia.. ILL ILL 73 L 
Hypomagnesemia. 734-35 
H ypogalre mifl* 509-1 L 
Hyptitafiokri 
•oepromaiifte and, 1UE 
and tttttbudMHiflCK. 111L 

taboemwine-i mki cod. 1 Ml 
xyla/i no-induced. 315. 317, UJL 

Ilypi.lECftUVC aVLTlLi. [P|71L'U.I. 

1133=35 

HyiXiLlUilmiliL-piCuiLiry-admiaJ 

U.\L\, 650 

lEy' |kiLlu.l;LinK' |?iLu iUin. Llrvn.iLKl 

ttWllfcyruid axis.. 628 
HypodhaLmD 
auiorxiiide n^ulanon. 15=16 

tffeeti of jjJUKlooijrI iftikL <mi. Cdbl 
liumkmos. W3 Sre ufso 

irKlividiiai hanw 
liy ixidkrririia 

dunifl LiTMJMllL-.La. 119 
morptiiikf-LiidLH.-Ld. 221 

ptiennltiiai'intf-indux.fd. Hill 

■and ItiiiypenUil natilHHL 223-24 

Hypodwwnhinemia. huHbnaniidc- 
fiodwei SOO 

HypocJiyroklihm. 62b 
C4£k 6fM) 

amfHital, CiM 

dogs. 599-600 
hor^eh. 600 
juvenik-orm^. 6i6 
su Him mil i d l -1 ml UOtd , 801 
H> po^ikmia. 5ML HL V-fc l 
Hypoucmia. 125 
Hlypmia, 115=36 
allLlULk and. 126 
dunmk, SM 

anxl ^ryMhmpniL'sLk, 555 

Ihupnifun. 44-4 
Iduruhiirin, 1076 
IduH^iioiiCji: reaclirni-v, 6J 

idomrkhne, USP, 935 
opWialnk u&es. i Q1 
Iffwfnmide. Lilli 
bonauL 927 

IfiuduLliTprnJ, E029 
IEikiilMuLid liijli IX !s , 786 
IniiiiLmil intis, IIEL L LO 
InhidumUi m/iiles, an4incmuli>iUI 

tlruuN, 954-57 

liradocmt. 1013-14 

irmpi.TH.-ni, 825 


i ffi hi lull nni: uvu.v. 11 32 

IniipcrKnHLiliLsLahn. 825 
Iniipfamifi-c. 11+ I 15, M&l 
bnriaiL l OB 
Inimiiikiik, 926 
9r»niubiliiy, ihl 
Imrnnbili/alinn, nwinmMiscuLar 

hkivlcinj agents fer, LLZ 

Immune (yricn 
cLi|9fX.i' dL-ik icitcy ami, Till 
gluLaiiniHT uRtCt* lul 77 1 
laurine aiwt, 162 

vitamin A and, 6H6 
vitumin £ and, 693 

7inc ddkncy mnd. 75I-5X 
ImnwigMiilii, v itamin E 
and. Cdil 

linmun^HTUHlulaiK'in. by NSAlLb. iH 
ITnmuBHHlLmulafil^ uphUmlmk 
u*eu. 1143 
I iiniuuni.tuipiMt &a 
B^hwprliK, 1073- 74, 1126 
cycfepwinc. 926, 112MI39 
glucacorticottclis, 662 
Liptithalinii.', 1126 

Lmplddlb 

diTiu.^L Eurni, 1L58. 

ref ulariwm «uF. 1155-56 

I inunin, 1073 74, |L2fi 

Erwpsine. 121 LML 
Lr^xmipaubilLiiics, drug. £il 11b.Mi5 
Likdura, J92 

LndunufAhuLin, 44S. I 125 
rnduLticKi, nF ani^^rhesm. 19-20 

Lul iIiz^iUlml. im:al. 152 

InfltaflwtH 

L'liL'miLral metliuLisn, nF^ 4,13-31 
in Lk.'gcik^raEh’c jniml dascusc, 446 
leukptrients in. L2I 
piithcipliyswdogy of, ill 
pri'iMu^knpdiiit in. 322 

E il I lls *m\ rata, 241 

[njucltunh. diwu-fu form, ] 1^8 

liyup; histiirmne mpnue lo. ^05 

INTL LJLSfi. 

Lnnov-ar-VeL 16f?. Ill 

I IkWllL'HlCH. 

CLkftximutaN. 1025 

dfvcli.!pniLTiL milihi<9i ir^., I Ck26 29 

gftfiMlh rcL-ul j|..»m. 1026*-29 
uigdnudihnniiL. m7ri» ?i 
nrg.aiH»fib<K>iplult;3, 1 I'll I 24 
repdfenlK, 1011-13 

ln%eas. P-flucBsidc cunjugution. 31 
Insulin 

adverse effect hU 

bicwynitieriit 672-73 
dirueal use. 676-77 

mechanism of Htioo, 674 

metabolism, 674 

prupsuuAirims. 674-75 
Feskiiiflee, 678 

s$creii«sn of, 673-74 

I'nsulinnse. 674 

InlcrcepAnr, f£U 

Inlcrferons. lii£i 
opbctulniic uses. J lid 
InErrifuhin - l. 4 31E -1 I 
lntcr]rukin-2.'69Q' 
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IntemaLiuruii NnnrpiupneLarY Name 

mkk LL5& 

InwmHtionrd Union irf hinr und 
Applied Chtmiciry 
(ILJPATi. LLM 

JnEursprews sealing. *• I ■■3" 1, 

InEra arheuLir route, Uh.h1 
□ji ex (he lies. 351 

Intnun'.amal prevgure. nsn-Hrtherafw 

te p MI 

Intniirumnury inl'ikSHHix, ural dm^ 
jJhwiqfluvn. 3J2 
Ininunuvufcar injccUnn, and 
ibmptnii. Ill 
huimm h r Mptiau* LL21 
hiCruuLuljr jwessure. usti'HM he nifty 
foe. Mb MI 

Ijitniuierinr inliisiNHiK, ami dmji 
alwiirp^iwi- 13 
(nfcmd Midium. 222 
liiEraieikrtis (IV) 
fetal , 152 

infusion, eiinlinuuus, HL 41, 49, 
mjeeckrtl. I' 1 *— ^1 1 

I Hirin'!be symfKLilwiniiivEk activity 
(BA}. Ill N 

luluIXilaulL —m— Hllf Modrij^g 
aiimEs fur. ULsi 

Iodine 

as iniite-put/. 7.K-5-H6 
ilc Iwi eney, £t22 

ditriary, 730 

mcflLiJhnl ism.. fi"fo 77 

radMacLivf. 

toptaJ solurkcis. IHW- i 
Iodine ulnthMU, ^pfhihaJmje 
iwaV LLli 

kdoftm, Ml Mi a 
Ion ehiinne k 15-1 Sb 
afcmui, ± 11 . Jm-fi*. 487 -H* 
as pccquon, 2 
MHfiHim. 475. Ill 

kucfhofHk polyciher. as. 

udcoccktiaLu 1002-4 

§uniuplu.irL'Mv. IIW 

Ipacae syrup-. HUM, 

I pud ale. Ml 

IprmLnTjnuin iNCMiude. LL..LI 

IpMTniLLd/nlf, 941 

bjttM DPXNX MJ 
Inin, 750-3! 

eyelet 

deficiency, 55S, ShULL JJW2 
supplememiHicwi. 566—611 
iLixkity, 732 
Ipjrt dejiLr-aii. 732 
Imrt iKtidc, 751 
Im/anls. Lieukir, J n J| *-71 

Imtarilx, §M®, m43--9fr 
iHL'hemiii-ivperfuMnrL injury, S-I& 
Isoclliarine. Wth 111» 

Ixtjflunm. U§R nm-?m 
iKnlluniplule, 1134 

]snnwid. 70 1 

[NDKOtillkacid hydride. 102 
jsopn^uiiidc. HU4 
aintcriKiH' activity, 1045 

hdpnpyl iiicohol. ZM 

IrfiipTotercnuE 


fur aUeigY if aLEiorts, 110 

in av Wix-k, am 

hmnrlicsdilalkMi by, INI, 111 I IK 
emSmankr dheta, 95-*Jti, till 
gjutrocnlEstiul deeb, £!2 
preparations,. Hit 
slruLlure of, ±0 
and Ihm-penlal. 214 
[sciplm. I ■ ■ 

U wori)Mc. 478, I H3t 
hf BWM rift 927 30 

nphlhal mil.' uses, J 131 

hrmccUlL 964-67, 1029 
IvooKfr \Mn. 
luowc Epriuit SfiLJB 
Imnsc Plus. Ml 

Juvenile Ikwii-hhil: analogs. 1(126 

KilMii, 411 

Kallikreiu inhitiiitu-*, 417, ill 
kallikfem-lcinan system, and blood 
crugulaEiun, Hi 

Kallikrcins, 416 17 
Kamala. 980 
KoDnycn, fl*7-*ft 
ophuhatmie uses. Lllis 
Kaolin. 1004 
Kaolin-pwLin. 1053 
Kflndocoqjinctfvitu siccu. 
vulfonamidc-induced. 800 

Knlulytici, 1096 
Kmophatict, 1096 
kL-iujLCi. 242 

Kelulai. 21,2, 

ArtmOw Hydmekioridt, USP, 

m=M 

A.t prLUtiaJi-iw and. 24^. 

anlagisnism of, 25<j. .15^. .' ; 177 

barbiLurales ineumiKiEibiliEy, III 

iLaljalepEi-iid ancJhcsiLL, 1 ~MI 

diiiical u 23 1 3K 
ciHitniirulKuCUms, 
dtfnmMlinc ^ncL, 222 

diOjrqwi and, 21L 23 s ! . Ill 
guaifenesin and. 2A1 
pcnlotwbvla] imd. 227 
xyla/inruL 2SI-i6, lim 21 
Keun-sef in. 412 

Keuirfi. 242 
KrinsyuJa, SJl-i? 

Keuao.ifiaji'ok-. m=JS 
fiw hypejadrcwciTihi'^n. 667-** 

. :*l il'ialnui. LLViTii. LLli 
KchJfinifLii. 44*1 45. 112fs 

BtMnlK, 11:13 
Kkfencys 

nirnarw^ lyptMule- indiiL'ed 

nqjtDDtnucity, X46-3I 

aiYipbacricin B-uncukd 

nqslnoboucity,, 921 
o-jMptu in. 5Ei 
qrUnk chnuotfacnpy nf. S067 
digiulwation and. 4^1 
dru.D wntlH and. 3*>—4il, 42 
drug; ilherapy and. 65 
Cailunr, irtuhlliEfrl for. 541 
falLy aL'Hls and, 7h W»4 
IcIuLamaiK 1 and. 770^-71 
tnhalanl ancsdiulbcs and. L_iU 


magnesium iquhKn, 73J 

NikCI sfledi uii, 727 

nuuninuuM-'ular hUsL'king agent:-. 
?nd, J M 

poFAiliynud hnrTTkme -effetlK, #«| 

physiology of, 324-17 
potuuuoi balm, 5J 1-32. 731 

prorttglftfldlii and. 4 2h- v 7 
icuulaUurt uS fluid hsdahuL 1 . 
if iial disea.se 

ancmiaei asMteuted wLlh, 3b5-66 

siEucmn L> and, *il 

KMma. 417 

lnliihilLirs, 417 I # 

Kininopenusr. 411 

Kininugcns. 4il 

Killing. 416-BH, 

Kijiu. LM5 

Krunstrro, LLMl 

IjjKif. 0+r Partujilinti. Lndueud 

Liu/nmormrnrties. 1.139 411 
LaenmosiimuLanis. 1139 
Uculcn, inducing. 62ti 

luetnlnsf. fls taflhartie, 1037 

lnminiEi’iu riond-ndHed, Csfi£Ji 

LJUial l .41i 

Lrmipii. 997 
Luotio, BOW 
Lngactd, 33d. 

UuuAocidL mm. KmK -10 

IJisis. 54h-47 

I jdmopnHA. I I IS 
Lingc qpfeUr pcuIt. 1121 

l^ixari^ifs 

hull;. UQA 

emnllicnU 1056. 

LD^ 12 n 

Lee run, 716 , 1039 
Leislmuma>is. wy 
Unun. 122 

l.etlusl iUx-ai. nmliai'i. 12-11 

J.eElkdl syilEhews. 12 

UAIdnHr 2M4 
UflWWiK Catt ium. USP. 11172 
] jfukfrun, LUI1 
1 ohrtrican, 421 2*1. 426 
innanunaLiun aoid, 4-27. IOH8 
ttSALD* dlbctt cm, JI6M2 

Xi’idiUi.'rpkiSti r«P7ftj.'r 1 l.'Sl fc , 201 

Irwwjf, INN, ws 3A 

•japhlh.ilmiir lKk I L ,L1 
l^viuilc, 956 
Levodopa nJfrnUfttin Ft h 
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Lunmiiii 882 
Line om vein. S4 

ophthalmic uses, 1131 
LinctiHiriklcs 

diiiJainycin. KH4- £6 

liflcrwnyLiB. 883-fri 

tiphchalink'uses, 1131 

for lOTWjrfjumcsiSx 1010 
Lindane. 1021, L IMhH. 

LininrcnK I Liii 

Unwed oil 1Q3 2 

Lipid metabolism. 762-63 

UpofHoruH, 762-63 

UposcHsici. i i 2:1 

lipcHrc pk IUSH-59 

Upoxygcnase. 423 

Liquid preparations. 1157 

Livfr-aiid-lkdfcve fcsfwmsc, 74. 75 

Liw 

hi liiiry eKLTcLiLin, 40 41 
LyUJnsiL- L'bemtithffrapy fund, 1067 
druj£ clearance by, 25 
drugs affecting. 1058-60 
flukes. Srr AntitrcmaLudal drugs 
glutamine And. IM 
hepatic insufficiency ..md drug 
therapy, 64 -65 
iihJialanl lenes the lies, and. 1% 
pseudt h: hn 1 1 netf cm w 

gyuihc^k HE. 

MiLlfiiib.iinUL 1 -- irhhiceil necrrwU. 800 

Lauding.dime. aii&JB 
LHKlbxnif K£l£. 

Loundlw, 1013 

UwmULl. 261 
tjcmiustine, 11371 72 
L.ufK.'ia.midi:, 22, 1054 

Ldjttsiflr, 495 

Loreaiiikk. m 

LoffdUL 2ai 
LjcmtckiiinL 9KI 
Uujsms, IlHK, 11SH. 

[jufenumn. 1026, 1029 
Luminal. 361 
Luialyse, 616. fill 
LuteLmisjng hormone. 612-13. 6 1 5. 
619. 620 

Lytuodi-mofffuflm,. iMil 
i -l ysine, cnihthulmk on> L Lli 
Lyndmu 667 

MJS*2M 

Macrocyclk lactone*, 963-T4 
abamtetin. 9Si2-M 
doranux’Lin. 1030. 1 1 33 

qpnnueneecin. 9W-7A. Ifflfl 
wnswfifK 364^ 62 ^ 1029 
milhemytrus. 971-73. UBO 

moxLdeelin, 972-73, LU3H 
sebmeetin, 9713 71. 10.511 
Muirndide unlihkriks 

imthranydii. SHI-82 
chmistiy. &76 

LlanlliD.inLyL in, [&] 

drug. i ie rt flkw> £29 
ers'Lhufnycin. 21.876-Mfl. I 131 

fcirrivulsiLhins, 876 
medunism of action. £7,7-7a 
miemhial hUKccpCihility/resistance 
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opNhnlmie uscf. 1131 
phormaeDkjneLiLS, S7H-79 

»«le ellircLi, a TV 

lilmiccMin, 8,SB°SL 

lykisin. KHO 

Mwvlifc endectocHfe*- 5re 
Mncrwyclk IbcIchkf 
M aduramicin, LiMM. 

Mufenide. 2M 

733-36 

ACh and. Ill 

HAESUUftlVL of, 733 

and cardiac el Verna lies, 46* 

deficiency, 734-33 

Jtt:ljry circjui iLTiiciiSs, 725 

pfu|KirabLnLs. 735—36 
Magnesium sails 
a* an Lae ids, 11149 

m cathartics, 1056 
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ud, 24Q.-13. 
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Malachile green. 1.014 
Malaria. 31IL2 

Maluhiofl, XL ICQ# 

Male fern extract, 0BO 
Manganese. 752-33 
ManniluL, 5411-45 

Bcaltuitic; 1.05.7. 
ophrthulmk ugcg, 1138 
MAO. Ste Monoamine oxidase 

(MAO) 

MAO inhibitor*. br Monoamine 
okhJik inhibitors 
Marbciflnsatin.. Bfeg l3 

Mantflinc, 157 
Mane^ine, 40S 
Margin of safely, 60 
Mani eel Is 

degninulalMTn. 4134 5 

stabilhwrs. 1112-13 

mbuu, m 

M-arteiijL medko. 6 
Mehendajok. 950-53 
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Mscanty lamatic, LLi 
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LSF. 1070 
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Meclofenoinie acid. 1 44 

Medelumidine levdruchlunik, 121 

MEDIC, 2 
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622 

MedryM-niL”, 3124. 
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f« prcWte liypertmpliy.. 621 
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Melarsominc. 076-77 
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Membranes. oeM 
calcium duruiels, L5=L 475. 

abBLMmi 

canfiiK acimn pmencials. 

4S2JB 

drug passage across. L.i-i.9 


electrical powmiul. Z2H 

fatly acids and. 261 

Na + , K + -ATPtoe pump. 456, 503, 

£LLiil 512 

Mifnaftinne, 6Wi 

MctOwI. I0M> 

Mcpkzinc, «s obendae^ JQ44 
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clinical. Use, 283-H4 

effects;, 2M2-M3 
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Mestinoti. L26 
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Stelhandsimide. 521 1138 

Me i.hennig 1 ohi mr m a u. ftnl 
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Meduimzola 64.1-45 
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Absorption of, 22 

arnkmcik activity, 1045 
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Methyl prtilni vuIuiil" sodium succinate, 
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4M9, 493 
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Metrology, fa, ILShfel 
Metronidazole. 993-94 
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Metuhirte, LLL 

MMiktilK. 4KK. W 
Mqu 4 ntn rude, IfaJ 
Meitorillin. mi 

MQA, 615-16 

MGK.2M.m 1031-32 
MihoteroK. 622 

Mfcp nwmtk , i 100 

uphdialirtiL' uses, Llil 

MiiMliL faLL. HJUULL 

Micnmi/ulMHi. 2J 
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Mipm 
jriswFulvin, 920 
phnQAaii 169 

inhibitors. 39. 62 
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164 65 

Micnwomcs. 11 
M idflmor. SM 

Mrrta&rivn JJMMfc TNN. 111 
Mifepristone. 621-2? 
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jiriinemaioibL 921=23 
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Milk 
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Mini mil] li.swrtliut Drug Inlonnatiun 
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Midybdenum. 751-54 
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LULJiL 120 
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Mvivurdial >drprcstunt fat'kHr 

(MDFX2S9 

My^xanSium 

L'LinlracI ilily. 45H 

fkfCmi^iysiuU^y of, 4W2 

usyffen dcfTundi 454. 4AJ-6J 
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Mysoline. Ifrfj 
Mj^uran. LS£t 
MjrtstucY Ufa 
Mysedetn*. faH 
Myudciu com, 643 


Nat', K^ATBnr painp, 456, 501. 
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NcnnaltfAk, lItli hkifninsliirmulkwi in. 

£2i&L£l 

NeupmcMifl* 1010-11 
Ne&snxmiw Bromide, USP 
antagonism of neuromuscular 
bloddig agents, LLL 
144. LSLL 

dwUmfiEUft inhibiLiuii, LiL 

U& I3&J3 

u purgative. UH? 
Nku-SyrKplirint:. ] i.~MS 
Nephrotoxicity 

fimptotaerkin B-ifcwcwtcd, *>23 
Ncptu-anc. 5J2 
Net|umuK H 99M 
Nerve blocks 

epidurnk S^t- Epidural nerve 
blocks 

peripheral. 352-53- 
Nerve bmpulsts 
blocking, .UUS-49 

transmission nl. 151-55 
MifVifl 

adfcisergie, 12 
iffanui. 73-76 
tftcieiii. BkM 

rk^uiJrenergK-ihM-iL'hLihrtCfgiL- 

fNANCk 12* 86 
Nesaeaine. 2ii 
Nelnbimin. 953 54. MK9 
Neunnhumornli enmsmissiofu IfL 
M= « 

adrenergic. 7M-K3 
a.nsial conduct iota, 7ft—77 

I~m> 111hery is_'_, M2. 11M d I 

neimaronsnniller re lease, 77 7M 
rerepiorn. 2£L 

NetirofcrplicSi See Amip^ychmksL 
Tronquili/erv 

N euro rnu scol-ar Mocking agents 
antagonism of, Liu 
;inlih|i,Kii.'md!*.t J puEuksis. LiO 
auijMwink effects, 14:1-46 
taidiuvaM-ular oHSlICK, 146-47 
clink&J uses, 137. 1 -4!S 50 
Cm effect, Lid. 

cumpcthrvi:. 137-38. LU 
ecnBnuniti carted for cuftJunasu, M&i 
ifepdaMiiyg. 137-38. 141-43 
drug taBMliaH! 147-46 

eitCreiUwi 4(1 
histamine ralenE and. L46 
nicotinic impfem and. 137—41 
ocular effects, 141 
ptiaanmir%'rii.LrkNH:h l 147 

pota^iuioud, LlL 
safety, L-M-JO 

skeletal raacte effects, HI-14 
Neuromuscular dbuedefs. 
magnesium and, 734-35 

NL*nri.iiimseLiUi jtineiiOflL, impulse 
EruusifeiissHTiL ] 39-41 
Neurons 

In stain me el lct-Ls ml, 4116 

nanc. 12 , n 

Neufopepudti, 13s-3 m 

.appetite LXWitrnL 104.2 
NeuroniXiih. lAlL iil 


NtfumLrunwiitLer anla^i ■ nisI a, us 
amlP'kraB agents Mi 

Neun-KransTniiters. See also specific 
iKurotriJismi rtm 
aedylcholinc. IS 
hehav ior-uEwx rated. 17 3-74 
bfiSHMtiuBf>iM& and. 121 
eaiabollsm of. IfcL 
CNS. 1 *5-*9 
critaid for, II 
L-st ilaliirv, 3K4 
imepiriephrine, 7^ II 
piiiadie.ILSLLdia 
mphxi, M 
rdca.se cf, 77-TB 
NF, Lm 

Niacin, 7(15.7 

NiKiAaridc, ^taliDiic J 122 

Nkoib. mi 

NicaifkMirk IDfll 

Nkhffiriai% INN. 9ii£ £tH£L tfciu 
Nkjfinnibflft. MS I -Mil. 9H5 

NiLudnujiiidc r *05. TUh 

Nicotine H2, LIE 
etftacfB o:L i 3 *- U 
N iLTjdne ttdiiufl,. MHO 

NJeudnk sftdd. 7ti3. 7U6 
Nieocmk receptor. sL UiL tail 
and neuromuscular blocking 

ugcnl-i. 117—a I 
Nifedipine ±21 

lazine blocking by, 115 
NifunijiTOii. 997 
NitarM>ne. 995 
jVplrtfiwiiplKi r, INN. lH 
Nitric mUe. S3-fi4. ULiii 

iulmini-.LniLi'.in t rf, IMI 

bkisynlhesis of. iLJLJll 
in CNS. L5& 

as NANC ncurfiMransiniUcr. 75. 12 
o\iduuL>n of. 1& 
pnpoHd rate of. sS-Hh 
m'Uivcs of. &5 
tifccraptuue um. LUJ. 

Nilrk suide sv ntliasc i NOS i, K4 HA 
irillabiliink, Ji i 

N iImbf ii/jjni»Je h.. jtnnt ixLKlmls. 

I (Hit 
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of, 15. 

Nilmfuranv 

andpfuto^fXkl autmlv. M97 
tppieal I1H9 

NitroFurn?oiw s lopicaJ. LLH2? I 
Nitrogen, for eudiana^iu. -Dll 
Nitrogen mustards. 1070-71 
N icri'p ly-i L'nn, 4'7S 

NitroimidtLEoks, 993-95 
Nitmpmsside. lift 
Niiroreducta'ur, 13 

NIitdhims, inTl-T? 

j%7rrtMri G1SR. ?nl-4 
Nitmxxmi INN, 9W5. 9«fi 
Nizatidine. 40^ ID46 . 4 tt 

Nltfbnl, 667, aM 

Nnciccpikin. 160-61 , 210 
NoneLrfL'LhLiljarrirf -, IH4 6 
N<5fieumpsirtmenl:il atna|yp;is t 16-47 

NomdifeUw e iintagoni un. Hi 

N<ifflsk~N>iLlul J.nti inElununukity 


drugs 

uu 8.1 dental psKiMwiii 1 r|; r 43 H- 
BfCITtS. 419—16 
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drug inier*.ni«ms. IM 
effects of, lis 
lasix inhihmnn by. ill 
mechanism of uciion. 434-37 
nonspecific COX-inhtbidon. 
424-25 

Liplilhalmk. L 1 74—5h 
phiuntacokinctics, 43.1 Hi 
for respiratory dunce, 1133-14 
skte effccls, 61 1 4 34 
N^Mepinephrine. 75. H 
jvpfHitLlL 1 slniiuljihna, 1(142 
hurinuisfnrmulkwi r>l, I (H i 
oirdicmiKuliir cVhcti. 9J-9S inL 
catabolism of. IH 
in CNS, 157, 3H3 
ocular cffccis. id 
prepniiQU, LLiO 
siww-th mu Mile efltat. MM 
struerlure nF, 92 

^yrttbesis and! funedon at 7^-s 11 

1 up i rail VHOCOOUffktd^ft, 311 
Nurflnudife, uiihtlukimic taw. 1 1 2 m 
Noi yamf 613 

Nnrntfipuv me. JMj 
HottaplM, 1115 

Ntiftfld 1. 3iH 
No^oteiocirtL iiih 
Novccainff. 154 
Noxious siimuli. pereepfion of, 

m=a 

\ S \ 11 i- Vr i- Ni i|V-’.iT. !l .LI anli- 
Lnlluininiifnrv drug^ 

Nutnuc 291 

Nuckoskfc 8 analogs. 935-37, 

Nutloff. S75 
Numorphan. 2a j 
NirtraceuticaJs, defiriLiion of, Ci 
Nyxiaiin, 3 LBQ 

<jpblliidniiL' u >t:■■.. | LIZ 

Occupational rxpKun:, tr« inhiLlalifin 
anusUii^ks, aCH. 5 . . 199 . 401 

(ktruul ide. 604. 6H0 
Dettkr inwru. 1121 
Off-patcni drugs, M 

OHnsacin. m 

4!plitlialnLiL' 1129 

Oinlmenls. I I5H, 2i(9H 
Olixe oil. LLLS2 

in topical preparaiums, l(N4 
Omiqink/iilL'. JD 44 i -49 
Oncnvin, 1104 
Ophihalivik drugs 
aciicsivch, I! UUL 

.ikli im.? nxiuLlaM! mhitNkirv 1 1-31 

jiiqibiutxrs, 1 127 .12 
jnriiemgu lanl a, ] I J I 

■tibroilBfraMiri, 1141-42 
amiRhrirwriylks. 1142 

antkfttnfAlp m 32-13 

onli-in11ainmao'»rv agents. 

1126-27 

anti pants i lie ides. I Lii 
aMipvoliferaiive ageivis. 1142 
inAipnMuscs. 11 1L4Z 
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Ophlhalmic ilrujp (pfflirtfiiwwff) 
antiviral ugenLs, ] LH 
corticaternids, 1 121-24 
delivery of. 1 I m-2 i 

dye*, U21 

Epktantwfl uth^ III faclcr. 1143 

fibrinolytic*, 1142 
fihnwiL'uiiii, 1141 
flinmearbuil gum. 11143 
h>alun.!nii.JLLvL'. ] 142 

hy[xrtcitu*c agunLv II33 39 
amniunnslirriuljnls, 1143 
imimiiHisiippressanis. 1126 
liX'al Mtitwlicfl, L J 21-22 

N3uMD« Us 

lujuLv imganls, 1 122 'Ll 

pbotorensiljurig ifenb. I143 
si lieone oiL 1143 
DCiif sumularaLs. 1139 

Ll* in huAtaLiliilc?«_ I139-41 

v Lie* ht I us tipi. 1143-44 

OptiLhelk, Jii 

OstoUi 

fiLj-udr^nergn; agonisis and. HI 
ligonist-onlagonists. 7~n-T? 
feuraptianciL 29.1-94 
iiialtHi|4iLiic, 291-92 

iij|>.irphiiiLV. 79J-95 

ptMtexicint. ~W-9 1 

nguiiisU 

uLfemanil. 2 Ml 
u hchaviur muddying 

drugs, 3f£ 
i;iir|t"iLl;mil. 2S6 

codeine. ZiiO 
dtfi mil Lilt, 271 

ctoqiliiile, Iflfi 87 
Fentanyl, 2X3 

hydramcirphtMiLS, 2 WJ 

TWptfidiiV, 2XI-X4 
mcthadkmc. 2S4-X5 
morphine. 272-80 
jasynwfphiw, 

partial. 271. 291 
prupuiyphcAi:. 28LB 
nmtlfeniaiii I. 2M* 

vi j' l ir i Ml lit 111. 285 
antugnnislx 

us hutuiVieir mtidil miil* drugs. 

m 

deFinilinn, HI 
ilipirnnrpHin^, 2H6 h fltjl 
levnllorphari. 
rulmcfune. 291 
nalfifronc, 2SKLMJ 

rHlirexuTW. 291 

efficacy erf, 22J 

endogenous. 270-71 

GL uki aftd. 1053-54 

pepudes, L±2 

punplicrul analgesia, 295. 

■& preuneslliclich, 16b 
nsccpUws. |W, 269-7D. 2M 
unUgoni-sts, 29J 
Ol tract, 1053-54 
RfiJkMccinf binding anJ. 2E8. 
rtaj-uutk- addieiion and, IIS, 

spinal iihalLjc->]a. 295 

opium, usp. 2 m 

Optimum close. 47 


Oral aijmiiii^lralinn., erf drugs L 21-23 
OrafiriWv Sfd 

Ortiifloxtrein. m-wi 

i-ijtiLlialEikiL Lues. 1129 
OrgartivlLlnnne uiMiulsLidc-s, 

iflflafe ii 

OtgafHjfi. 6M 
Or^anni+iii^jihak^, I 7T-7M 

At lih (ALctlilIHxl L2fi 
A$£M*, EW24 
auiifegtinisLv 129 
ariliduiex, 129 
.inliix’m-H'xt;il. 961-61 

■chemistry, 1021-23 
vi iriiviiL Uses, 1,29-111 
iiil'lTuuiimii erf aclum, 102 9 -23 
neunwiruxeular Winking agents 

arid, LM 

F^iarmBCutireik-s. J023 
him nkeiuIkiLism of, L0S7 
toxldiy. 34L 962. 1023^24 

Orgmein, 1.7ft, 446 
Oripavirae, 2H6 

Onmckiprim, KIO II. 101.35-7 
Osmotic a penis, far intnocjlir 
pressure- reduction. 1138 
GsWiwrtintjs, drugs for, 446-4H 

OiGacakiik mi 
OsUDiriluorosih. 750 

Ovceoporouh 

due to excess calcium. 221 
hicfiHd-induced, flj] 

QtoAafljfcity 

anuras^iyunideaiidiKred, 8-10 47. 

84 9-51 

drug-induced. 849 
knip diiiirlics aild. 544—45 

Dunham. 465, 468 
Ovcr-fchr cDitnicr drugs, L LH 

1154-55 

1 huliilinn. mduoiljj n 619-213 
Cfomllin. Hi 

Oxalic - acid, LalLium chHaflH»i 

tv?- 125 

OAU^ejxnm. apperiie scimulmiofi. 

11342 

Osayijilidinunes. IM 

CMnukdlE, 950-52 
Afl rfhiividal. 9S4 

bi parjnqrfmJLiiiiuhis, 990 
Oiiibendajjirfe, 9MI-53 

OxubrliVLr ruaLbLiih. id 

IwArjaihtunllJfliniu '17-36 

Oridrrctf CcHukixe:, LISP, 

526=12 

Oxime reaLiivoiorh, 129 

OiprcnuluL, 4M9 

OxylhprwarfK. 1121 
Oa^cek 526. 

Owtwmkte. INN, m mSfiKl 
Oxygen, 17^75 

adnudisLraEiafl (if, 132 
hyperharic. 177 
hypoxia, 175-76 
dETHpciiui: ia« B LH 

hnkMy, 176-27 

Qjqfmwpfamr ffyvfmrhlnride, L SI* 

zao-ai. 

naloxarH- aniagonism. 290 
OsyphcrKiniuni, 1.053 


Osypiilyjwlalin, 522 
Osytelwytlinc. S32-.34 
opfatkahnk uses. 1131 
Oiytioda, &I3=U 

partiirilM!ii inducLiun hy. hlH 
poJ part urn, ftl S - L9, &IL 621 

piprimdM, 11.157 


PAHA, aUafflu Hi, 5Z III 
ffeUlnd, 1074 
Pikfl, mcdianisnift Otf, I61> i> I 
2--PAM. 129 

Pnmk'ur. 984,99ft 
PirKrc-ailn. 1058 
taHuraniunu 13S. 141 
aul'.HTiiMiiiv dluLCs, L46 

LLU>;biHavL'uljir ell cut s, 146 

^keleinl muscle effeals. L4J 
Partcric. 1058 
fMXfAmic acid. 708-10 
Paru-aininuhtil/oic ac id, 1L.I51 
Paruciile-fi, HIM 
Pijragpinniiihis. 990 
Paral^ih, LJT, 141 44 
iinlibicKic-inducTd. L^, L542 
Pflmmplii9nmo^i5i, 

Fkaonw, 18 
ParopLaLin. L079 

Parasite. See Afltiixawdal drugs, 

Arkcincnuuidal drugs; 
AnriiretmiUxInl drugs; 
Ec^opamsilkides; lnscclicides: 
Pcsikidts 

Parasite, hluod, anemia-causing., 
561 K. 

Pirasympiiirtk iktvchis sy^cern. 
71-73 


Pir^ynipadwlyfk drags, l ln-.LI. 

1.66-JiT See trim 

Ancichcrfmefgk’s 
Para.sympaLhhHiiifnedc agents 
direcl-acting. 117 24 
uplUhaLmic uses, I 154 

m papim, 105? 58 
hntod Fin OilTuwr, Mi 

Rnnuhion 


bitrfninsfomiuliswi of, M 
k-dul synthesis. 12 
Pniadrynmd hmnDK 
Ca/P melabolism. 722-23 

vi lajnin 17 ibid. 689 



Paretiagen, 516 


Parlodel. 


Piimmcimycin, 859 4 0 
anciprntowian activity, 996-97 
fwcvyplsMporidiasiL IflflS 

Paniiion ooefikieiilfi, IM=M 
hkh. Hildas. 189 
□il/gai, 1W9 

lnpicu.1 suliurLes, J 091—92 
Pnnurieni paresis, I25.-.26, 

Panuriikwi.. induced 


ciliLe, 6J.l=ta 

tiones, 614, 612 
axyiocin far, 614. &JL2 
Parvaqnooc, 1014 

Pj-ssivc InuistcE; ul drtigs, I ft-1'7 


PusLev, UM 


Wulufl. LU 
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Peanut oil, in vopicil 

prep mart toms, ICW 

Feclin, 1035 

Ptdiairk' panic nis. drue ch^rapv Ln_ 

hUU 

Pemoline. 2S5. 

Pkmpidine, LlA 
Penicillinase. ftll. £22 
Penicillin G P £15k22 
ofthtfluimic uses. 1129-30 
I fa di.iai.uk and, Si w> 

Itaiicillin fa pnM_iunL r , 58. 355, ft30 I I 

I^Jht^l fJm\ 5ii 
Penicillin* 

allergies CO, £sl 

amimipenidllins. H22 
riwriitiy, tli 
exuihkd- sfKxLinifit 422 
GABA anlagtmism, 215 
(fiitrmhnal UiwepLihilily, K19 2N 
dfthljhiilmie uses, 1129-34) 
penH^M^resistaiiL £22 
pti art £i uc uk inCt k; s, 820-2 3 
Icmt'iEy, H22 
FciuCiLlirl V.2JL H IM 2 2 

Prnik nctkH P and nturie osii!te„ && 

Pcmtc prolapse, |jtiL*n Lilli la/Jiv?;* 

and. Vl 1 

Pc filmife 30ft 301.1 

]" j l ii<ju>_'|]i uiii uni, 1.14 

Pbrnmifidmc ittdiitintft:. 1013 
PeMuKtarvh. 521 

Pentoyoc ine 1 delate. 232=33 
Penihranc, 200 

FtotobarbUul Sodium, USft 333 
aJitn liisItJhLMi uf, 224-15 

jimirwFjIv^WMlesi LnluraLlinn, 21K 

Ho&ftfe, HI 

chkirmnpiiciiiciil pofuntijdHm 

of.azj 

cl inicaf uses. 225=25 
diojepam and. 221 
for euEhaiSiisiiL. 226. dUl 
in exotics. 229 
inducing with- 2Q 
kctairtiuu- and, 327 
liili vainc and. 2 26 

in nonhuman pnmaics. I2K 

sueprau^in inu.-fLiLiii.iii, 214 

loxicity. 2M 

X vlaiiiie: and. 22ft 

ycihi rnhinii an (agon is m gf. lift 

Pemobartiiione MxfiunrL 224.. HI 
Penlnliniiim. 114 
IVnltiwlmn, 9IH5 

Pmodlil sodium. 22S 

Pepsin, 105ft 
Pmate i h V, hfaft 

Pauudnoas ataupoorL, 20-2 ] 

l^rnnuEhrin, B PIO 

IVr|JiLaiLL.' irn.', as anlUL'm^hL', I■044 

Pealiii!idps. St>£ uSu? IkrUJforasidcidcs 

cflrtinmifle?iv 1025 
UffUWptKHptHftH^ I 27-34) 
residues. LJ 66-67 
mnfldarnl delivery, 1 101-3 

Ptrtmlpliiipi |f»4 

PFA.fil 

PG-fiOn.614 

raAJi i22_IZ 


POE&.12L1H9,1050, 3QS8 
POF*, ML *16-17 
*v iituMlifucienL 620-2 3 
cherni-ury. A2ii 

fijfKlkwi, 437-37 

panuriimn induction bs_ 612 
postpartum. 6I8-B9 
purgative effects. 1037 
in iltiii* MfflW 

Kupcruvulalimi. induction. hIM 20 
FQI.. 422- 27. 3088 
pH 

body. rcgulilkm of, 314-19 
partition hypothesis, 17 -Im 

nmuoHlkal Aquivakni, M 

hiarrifcjki.xJvnaiiLiLs. dtrCnuLiun ul. 

Et’iainuK.-i'iki nc L i cs 
analyus of. 45-47 

definition rtf. 5-*. L5 

drug ckamoci - 41 —*2, 44-45 
drug dismbution, 20= fr) 

drug ir.'.luu L'*.l L'hungcs Ln, 62-6^ 

terroc, 32 34 

tram membrane diiTusinn, 17- IK 
EllamuL-nkigy 

ltI i e i i-_\ aI. See [limca! phanmciilugy 
hiiftury uE P \ 5 

mk in vetennary medicine 6 7 
Wipe erf, 5=6 

V^junnHarthcnpy, definition of. 5 
Ftumcyv definition of. 6 
Phencyclidine Ixyidroctilciridc. 212 
E'hciKrgaik, dilb 
Fhcnfarffliift, 582 
Phuniraiiniur, 13 26 
Phr*\ofatrbrtai Sodium, USP 
as oMHomndflun, 361-66 
for beluvior rawSIwiition. Hi 
effect on thyroid Functkvi teste*. 608 
efleebs- -on T + . 634 
PtoM i Hf fa t t np a. 261 
EfH:rh4pklhuk-iii. 1057 
nfeemd red. 1122 

PhefifMhiOZ^^m INIS, anlaocniaflLMlal, 

073-74 

I'henatAnazim 
apccprasnazint. 33=12 
acikrfu qf, teHk 405 

ajilK'luiiliiiL'sk-taM.' UL-Civily, 14ft 
ujiiieintfCiL- adivity. ML UMd 
unlipsydiolics. ttLB 
ditoipiwBiflrE, 302-3 
dia/epam and. 22M. 
pmchikniperazine. 312-1 3 

pmluain secieteon unme by, 60S 
ptomziit, 305-7 

luraJingeriLiL effeuls, .'M!kl 
a* lranu|uili/LTs, 

irim c pmri B^ 111 
PJwwoaiyimztmPtt Hytfmchl&rkft, 

U SR. LLli 

jPliifflw/ciflii'fljf HydrothSoride, USP, 

I02i \M i’ll 

FhHgfinlUDHt 44CM-2 
anciihynnd nffiad, 633-14 

bi^nranslWikialKm of, 33=35 
LiHjina/in pottMiuikrt. iiil 
fur i^ihUmliiiiL' LsindiCkHis, 

1125-26 


ptfc-cmiaii-tig cffL-Lte, M 
ami duopcriiid. 221 
Phcnylepfhraifcf. lifiti 
fifth dia l n t i c. 1136 3 7 

rhtn'ffam Sndiam. USR ^6ft 70. 

4S> 14)2 

fnr Mlaviflir rm id ip cart win, JHS 

Lumtiunn mlubilkai. 5ft2 

Ph o tt tti to, shs.-s 

PhoMptoetb, iflfM 

Plhusmel, 1024 

Phimphitdieaenfc^ inhihitiws. ii£ 
RntpinfipiK 

cofrifioeteraid inhihirion uf. 425 
pn:*%C;ijf 1 _l 11 ■_1 11 l s^iitlieMN and.. 422 
PlvtspAmccLK 

wchrtI od", 724-25 
•deficiency, 111 
<86^694,724.125 
sum**. 726 

■KtriKdum of, 689,. 722-23. 225 
aggQBHItrfllif fuuchmi and, 

721-74 

prepiimlkins. 726 

nidii>pfH>phHXii-H. 561 
Mtunrea., 722 

iifSUlcte of. 225 
nvuhneiwilsuq ngenrts, 

uphrthulmH:. 1143 

PtuiiBiylfiuIfolhiusolc. 798.807 
Pkyll(K|iiinone, 696 
Ptiysalamin, ilb 
PkystHt&gMiiv, USP, L24. 125, 
126-27 

nphthalmic prepmUlrw. L2I 

as pipi tt, LQ5 7 

PiCTrtDiun r 2Li 
Pigs. S« Swim: 

Pilocarpine, 1 23= 34 

ophriulmk uses-.. 31 M 

PinMzide, m 
Pindubl 1 . im 
Pink UjijOi, LLiL 
Pioneer drugs, Sit 
Pipenaxihrte, 1053 
Piprwdn*, USP, 974-75 
Pipenmy I Kiuwide. 1.03 U 
PirtMitmj]. 106 

Pinaiwpineii UUfi 
PirimiphcK, fe024 
PirctpUsms. I lit 3-14 

Pinnicam -*45. 1000 
PiiresiiB SywJiecie, fiiil 

PiEuilary l 1 land, effects of 

glu^H^tftk:Liids Oft, 654 

Piiuiiary lKHvr»n« P ,49l-W>. See 
atm individual homtunto: 

PlKCflllk, dfiig diPfuaiutl neniH, hi 
Plnfitfl^s seed. 1056 
Plasma, ihcr^peutie drug 

NBocntniLiH nngc*. 47-is. 4V 

Plasma MncencrfiiiM-rlfifte L.-urvcs 
juulysb of, 43 42 

drug 

ahsisrpiMm, 13 24, 36-27 

distrtbtiLirifi, 29 Ml 

elimlnalsnn. 41 —12. 44-45 

nKHnlunn|£, 65 66 

Plasma proiein binding. 27— 2ft 

effect 4tn dru£ excrutkm, 40 
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ptMiin P m. 4H2 

PliiMiimLigifik, 5S2 

ttaniCi 514 
pkmcwh uha 

MiuAet-aciivMkig tew,. 42* 

slLtnyid niifcihilwTii of, Ck52 

PlittfteLi 

adhesion, Ill 

yggregaLiuih, 5‘72. ill 

place Lei -scth'alilhg factor, 42S 

thrombcuune, 426 

elf be : Is utf NSAIDn am, 43K 

Uvriiw-curtail. 766 
Pkliioi, 1075 

Platinum owdinalkfi completes,, 

1 OH-79 

PWcafflycfo, USP, 107* 

pmea. m 

RMfvC r, ^13 

Pixkipliyliiitnsjn, 1075 
Polycythemia, 563 
Pp I y ethylene j]yeu|, l.LRM 
os ii vehicle, 61 
Polymyxin B. littL 
ophthalmic uses. L 130 
Ptil/ymyxkn E, KW 
ophthalmic list's. UJU 
Myrnyxirw, 1 

MyKuJfiriL’iJ ^ly-LMTH i iiniiii.i|il\L , ilii 

‘ (P3CAGL J4feH 

Polyvinyl alcohol, in leaf 
^jhMiLUH-s. LliL 

riilwmviifvn nliiJniii.-. ophthalmic 
" uses, LMJ 

PVmtucaine, 155. 

Porphyrin, mgEnifld, 562 
Monfi definition of, £l 

Pntaitibirtk eFFecl. 

armiK^lyeenidev 844-44 

Flilauduin, 51 l-H. 

ysscsuncnl of, 732- 55 

deficiency. Ill 

■Jcpcilaa-iy-injE neummu^:u.l;ir 

agent* and, L4I 

dietary. 51 L 712. 711 
pn^Hrafiou. Ill 
scarce &, 21U 

FtoUrtllmUl Cfik-rfidL*. ftif di^LulU- 

inJui.cil M l ti yiMJ-is dbb 

pL-iiUAsiuni iLxink-. L;\|xviufiirir. U116 
Pw^iui™ fwmMigirwe- HULL icw^ 

PolMjiium-Hfxifirig diuretics, 5M-49 
lu kJ jddoeievone anutgomsik, life,St 
Potency, definition of, a 

PfflddCfiS; l IWH 
Poultry 

L'SH.TrlduHfhb lil, SffifcJMB 

lilurrequinuLones in. WH-LO 
vitamin [) deficiency, 691 

viiamio E deficiency, 695 
PtTVtdanedodiDe, Eli 7«m 91. L UM1 

ophthalmic.. 1122-23 
Pl^Jlth. IOW, IM 1157. | L5fi 
Ruvim, all 
E7a.hdM-ji.iinc. 122 

Pmziqimntel, INN, 9*L£l Tib ^0 
Ptmnin, I ] I 12, 472-75 
Pre-ancUhelics. 165 67 
K^proiruuiiU, .MW 10 

jilr-.ipiriL . 132 


AfiAavnklH» 122 
Ftajse. &7g 

PtadnunlotK, 6S5 ..3L M2 « 
ophihulmU.\. t L23 

Iniiiuprj^im! ylfclL 211 

Prrdkiir^. USP, 633^3 4. 662-61 
iioDHcrdKiw, I079-B0 

I'regnuney. drug therapy during. til 
Pregnant mare serum gonadotropin 

" (PM5G), fill 614 

rtLinyflo&aL-m, H£& 

Rescriptimi writing, 1 33 tt ,. h i 
Pr whit amines. WC of in shriek. Uhl 
Prawr effiwEs, ikMbidsw of. JLLLl 
PRID.fiJ* 

Pmtvmiw HydmcMoride* USP, 15b 

Pr imaies. inhuman 
aJlhedn ara, 246 
haihiluniries in. 21# 

LuCynune in. 252 

irMjrphcntr in, 27 l 3 i 
dhiopenlal in t 214 
IlklAiiiiiic^ZDlucpn in. 2iAl 
Primidone. USR ItitM 
Primer, 1007 

Priw-’oline hydroclilciride. 11 to. 

mi2it 

ProbozfinBkiiuoAH, ^5.2.-J-4 

F m a im amide ftsdmcfttoride m USP; 

^ 4M.421 

Fmcdms Hydrochteridt* USP. 154=55 
PmblmemSm, 312-11. UM 

PmAriK^iplec. 

IftfHMMK 

L^Hitmllud- ruksuw. 616 
lyirtyluifi induclHJit by, 620 
ratpfeif nnla^pmivl, 6-1 11 
Pixigesifi-piaie i«ley>ing in1ni.% ! uginyl 

device iPRIDi. hlh 

PtagextijUL, 612-11. EtHUi 
fur uslnri pneventiun, 611. 622 
lung-aeI mg, 622 
ProgtycCTit 

Pmlncun. 605. 620, 621 

Pncdigcstisfie, 622 
Profiihc. 101 

Promazktt Hydroditoridf, USP. 

m 

PnwHtyL 49J 

Ptiwi(rto«iielwK»cnrtiii <POMC>, 
2W*5a6 

PrtJfHinidnl. 2M 

PropadMin* Rnmidr, USP, 21 
m 1053 

aiHtcmdk kiiviiy. 1015 

PntyMtftkttbu Hydiidtioridt, 

USP. 551 

4tfhihyJniJL-. 1121 
iViifiOu, 221 

Fmpafid[ USP, 2J7-3g 

Pnifinxnr, M>25 

Prvpwimkrtw U®P r 

2tf,?...Slt 

Pflrijpruiv^aif j^dnAb^ USP 

(5-bkxkade bv. U1L 1 12-13. flfe 
4W-Q3 

renin wxrctiun inbibition by. Mb 
Pfi^itfictury drugs J \ ffl=M 

pTHSfinDlAclune, Ittl 


pKipylenc glycoL, I1H 5 

C-ardiuvjMnllyr (ffedi S5L 

Pmpyletw uihk, IH1 
l fc n.»pUl:ltii.iyi uL , il (PTU). 643^5 
Ph.’Hicar. bli 
PfuSfJOL 1102 

PratKydin. 422. 433=23 ±2L5I2 
Proilaeyclin uyntlusc, Ml 
PfuMjglamJin inhibitors. 

hypcrkalcniia due lo. Ill 

iViNidclyndiiis See aiw hiri.ismkndi 

A-.H, 43)0-2ft 
hiusyrtthesla. 421 25 
dcrtiifftry, 420 21 

ehnk-al iw. 423=23 
cflecli nf. 425=21 
Ea, damL 10*9.1050, II03B 
F. ^ . m 422-27. 6L 3. 616-21. 

UHL I0W- Sw irlrrn KjF. 

1.. 420-27. 372. ltlftft 
anilaitimyflHMi ud, 427 
grtlubitiiTs Ml 

irflPtinsd iMtitiiy tuid. 1055 

for inlniueiljir pressure mflidionu 

1158-30 

NSAICn inhihiimn nF. 434=33 
jnd plucelel uggrcgfllion, 512 
purgntive cffeeL JM1 
iwpML i21 
sfein. I0HS 

ProeUfi: byperirnphy. 621 
PmsligmLne. [2b 
Pmtamku Mfine, USP, 5Ili 

IV.iCey-se inhibilurs 
uphlhiilniEc. |] 14142 
virdl, m 

ftofeectket, lupiejL I0W 

Proieki C. £21 £22 

ProHrhit S, 5ZL 277 

PtojeLiiss. eonUacriite. 45a 

Ptip i tinl bi n, 513 

Praton pump Mirilun,. 104*49 

Prounn. See A.m iyttocoiaat l drugs 

ISeuikK.'litiLiuL'slirryM:, 10. ^2 

inhitii lirvn uF, 39. L4J 
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